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INTRODUCTION

Building a successful medical practice can be a daunting task. There 
are many factors that influence the survival of a medical practice. 
One important factor is patient referrals. A medical practice cannot 
survive without an adequate number of patient referrals. This is es-
pecially true of a practice specializing in electrodiagnostic medicine 
(EDX) consultations. Unfortunately, performing high-quality con-
sultations does not guarantee a successful practice. There are sig-
nificant competitive threats to an EDX consultation practice that 
include general practitioners that use hand-held devices, roaming 
EDX laboratories, and surgical specialty practices that hire “in-
house” physiatrists or neurologists. Several specific ideas for increas-
ing the number of EDX referrals to your practice will be identified 
to help you and your practice maintain a competitive edge.

REFERRAL SOURCES

In order to increase your EDX referrals, it’s important to know 
where the patients will originate. There are two main sources 
of referrals––physician referrals and patient referrals. Other less 
common sources may include employers, contract physician orga-
nizations, and third party payors. In an EDX practice, unlike some 
general practices, it is extremely unusual for patients to refer them-
selves or refer other patients for an EDX consultation. Therefore, 
almost all EDX referrals will come from other physicians. To in-
crease the number of referrals, consider utilizing direct and indirect 
marketing tools to current and potential referral sources. 

MARKETING PLAN

What is marketing? Marketing can be defined as determining what 
consumers want, and then offering services to meet those needs. 

Assume that your referral sources want high-quality, timely, reli-
able, and caring EDX consultations. To determine what will drive 
referral sources to your office over that of a competitors, it is impor-
tant to develop a marketing plan. There are four basic elements of 
a marketing plan: research, positioning, product, and promotion. 
All four elements must be utilized.

RESEARCH

The first element of a successful marketing plan is research. 
Research involves knowing where current patients are coming 
from, understanding the strengths and weaknesses of your practice, 
and identifying potential opportunities and possible threats. 

It should be easy to determine how new patients have been referred 
to your office. Improve patient registration sheets by adding ques-
tions such as: what doctor referred you to our practice, or what or 
who encouraged you to choose our practice? (real source); may we 
send a copy of a report to your family physician? (potential source). 
By knowing which physicians referred each patient, referral sources 
can be tracked and positive or negative trends can be identified. 
If a negative trend is discovered, it may be appropriate to call the 
physician and ask how your service can be improved. 

Other research includes measuring your successes with current pa-
tients. Are they satisfied with the care you have provided? Would they 
recommend your practice to their friends? Would they recommend 
you to the physician who referred them to your office? Knowing the 
answers to these questions is important. Satisfaction surveys can help 
identify strengths and weaknesses of your current practice (i.e., pro-
longed waiting room times, the friendly or rude demeanor of office 
staff members, the existence of a caring office atmosphere, the patient 
feeling like their questions were answered, etc.). 

Building Your Referral Base
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Research also involves identifying potential opportunities and pos-
sible threats. Developing an association with a local occupational 
medicine practice, a large family practice, podiatrists or chiroprac-
tors, or a local hospital’s EDX clinic are all potential opportunities. 
An association with a large, self-insured company that has jobs re-
quiring repetitive activities may also create business opportunities. 
It is important to evaluate the potential threats to your practice. 
How many physicians in your area perform EDX studies? Are the 
physicians certified by the American Board of Electrodiagnostic 
Medicine (ABEM)? Is their laboratory accredited? Do they have a 
captive referral source (i.e., physiatrist or neurologist working for 
an orthopedic or neurosurgical group)? Keep a watchful eye for area 
businesses that are recruiting. Is your best orthopedic referral source 
advertising for a physiatrist or neurologist to perform EDX studies 
for them? Contact the group and explain how you can meet their 
needs. If you are successful in identifying potential business op-
portunities and threats, it will be easier to make educated decisions 
regarding the direction of your practice.

POSITIONING

Once you have completed your research, the second element of 
the marketing plan is positioning your practice. To appeal to 
current and potential referral sources, take the time to become 
ABEM certified, if you aren’t already. Additionally, making 
certain your EDX laboratory is accredited may prove to be im-
portant in the near future. It will strengthen your qualifications 
over the competition. Establishing yourself as an expert in a niche 
area, such as tarsal tunnel syndrome, Bell’s palsy, pelvic floor, or 
others can also help separate you from the competition. Speak 
with the providers who treat these conditions and educate them 
about your potential role in the management of their patients. 
Develop an understanding of your state’s workers’ compensation 
laws and position yourself accordingly. Finally, diversification can 
prevent vulnerability. One way to diversify a subspecialty practice 
is by opening several different office locations, preferably in dif-
ferent communities. 

PRODUCT

The third element of the marketing plan, the product, is probably 
the most important. Your goal should be to produce high-quality, 
timely, reliable, and caring EDX consultations. ABEM certifica-
tion and an accredited laboratory are features suggestive of a high-
quality practice. It is important to understand that the perception 
of high quality is as significant as the actual quality. For patients, 
quality often translates into concern and responsiveness. Business 
research shows that 70% of customers don’t return to a business 
where the owner (i.e., physician), manager, or employees displayed 
an indifferent or negative attitude. Additionally, verbal communi-
cation accounts for only about 10% of the total message conveyed, 
while approximately 40% is conveyed by the tone of voice, and 
50% is communicated by body language. Be acutely aware of how 
you and your staff are interacting with each and every patient that 
comes to your office. 

The EDX procedure is uncomfortable and can be quite painful 
in an anxious patient. This experience can be significantly influ-
enced by the overall office setting. Negative experiences will most 
certainly be relayed back to the referring physician. Strive to have 
each patient return to their referring physician with the impression 
that although the test wasn’t pleasant, at least the EDX physician 
was kind, compassionate, and informative. You want to be sure that 
they would recommend you to other patients. 

Quality issues also include patient convenience. Are you able to 
see your patients in a timely fashion? Are office hours or locations 
convenient for most patients? Are weekend hours available? Do the 
patients often have long office waits? Take control of scheduling to 
keep appointments running on time.

Timely reports are desired and appreciated by your referral sources. 
Reports can be sent out on the day of testing. The referring physi-
cian can have a copy faxed to their office. If the patient’s family 
physician is not the referring physician, permission can be ob-
tained from the patient to send a copy of the report to the family 
physician. This also serves as indirect marketing to a potential  
referral source. 

The reports must not only be prompt, but they must be useful 
and reliable. For guidelines on the recommended elements of a 
high-quality report, refer to the AANEM position statement on 
reporting the results of EDX testing (available on the AANEM’s 
website), or use one of the standard EDX text books to help you 
create a quality report. Your report should include a short discus-
sion outlining your clinical and EDX impressions, as well as recom-
mendations. This information is welcomed by most physicians. It 
is important to know your referral sources. Some physicians simply 
want test results and may not be impressed by your discussion. 
There may be more elaboration or discussion on a report for a 
family physician than on one for a surgeon. If the study is normal, 
the report could address other possible etiologies for the patient’s 
symptoms. Telephone follow-up on unusual or select cases, or those 
requiring prompt attention (i.e., lower limb spasticity or weakness 
in cervical myelopathy) allows for personal contact with the refer-
ring physician.

Caring is also translated by patients to be an element of quality. 
There are multiple ways to demonstrate to patients that you care 
about them. One way to accomplish this is by discussing, in detail, 
the procedure about to be performed (informed consent). Ask 
the patient if they have any concerns or questions prior to the 
procedure. Inform them the procedure can be discontinued if it is 
untolerable. Let them know that they are in charge. 

Another aspect of providing quality care is to try and make the 
entire experience as comfortable as possible for the patient. Expect 
most patients to arrive feeling a bit nervous or anxious. Avoid in-
creasing their agitation with long wait times or by subjecting them 
to discourteous or rude staff members. Schedule the appointment 
times at a reasonable pace, arrange a comfortable waiting room 
environment with plants, soft or soothing color schemes, relaxing 
music and/or scents, and appropriate art work. Provide the patients 
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with appropriate reading material. When patients are placed in the 
examination room, their anxiety will increase. Studies attempting 
to examine factors that increase pain in EDX testing have demon-
strated that predictors of higher levels of pain during an examina-
tion include a patient’s anxiety level, perception of his or her pain, 
and being of the female gender. One study has also shown that 
cervical paraspinals, followed by lumbosacral paraspinals, and hand 
intrinsics were the most painful EMG sites (in my personal experi-
ence, the foot and hand intrinsics appear to be the most painful 
insertion sites for the majority of patients). 

Enter the room with a smile and introduce yourself to the patient. 
Discuss the consultation, their symptoms, the examination, and 
then explain the EDX procedure in detail prior to starting the 
test. If this is their first EDX test, tell them that you will start by 
collecting some information about their symptoms, followed by a 
focused physical examination, for example, in the area they have 
pain, weakness, or numbness. Describe the nature of the procedure 
in technical terms, but be honest with them. It is acceptable to tell 
patients that the test may be uncomfortable, but that most patients 
find it tolerable. Assure them there should be no significant side 
effects. Ask if others have told them anything about an EDX ex-
amination. Sometimes they have heard “horror” stories. Be sure to 
address these fears. 

Utilize techniques to minimize the discomfort. During the nerve 
conduction study, gradually increase the stimulus until supramaxi-
mal stimulation has been achieved. During the needle electrode 
examination, pinch the skin and quickly advance the needle 
through the skin. Be sure to pull back into subcutaneous tissue 
when changing directions. Study recruitment by having the patient 
perform isometric contraction, and if alcohol is used, wait until it 
dries before inserting the needle. To help minimize a patient’s dis-
comfort and anxiety, talk to the patient throughout the procedure. 
Ask about a patient’s hobbies or activities or talk with them about 
their family. If the patient does not seem interested in conversation, 
explain the steps throughout the procedure. It is important to talk, 
no matter the subject. The bottom line is to take good care of your 
patients. They may remember the EDX as a negative or unpleasant 
experience, but their perception of the care you provided can be 
positive. You are in control of making a positive impression.

It is appropriate to follow-up directly with the patient. After a 
medical consultation, it is acceptable to discuss the findings and 
impressions with the patient. Discussing the results and implica-
tions regarding general treatment or further testing options is 
very important to the patient. It gives them the impression that 
you are concerned and provided a specialized evaluation. Allow 
time to answer questions. However, it is important to realize that 
patients should discuss specific future treatment options with their  
treating physician. 

Always ask a patient, before leaving the examination room, if they 
have any further questions. Offer to be available for any questions 
they may have after they leave the office. Additionally, ask them to 

call you with updates on their condition. Patients rarely follow-up, 
but knowing that you cared enough to ask is appreciated by most 
patients. Even if you are no longer actively involved in a patient’s 
care, offering continued access to information makes a patient feel 
that you care. 

PROMOTION

Once you feel comfortable with the quality of your product, begin 
utilizing the fourth element of the marketing plan––promoting 
your practice. Initially, send out a mass mailing to local physi-
cians. Introduce yourself or discuss your focus on providing top-
quality EDX consultations. If possible, state an intention to offer 
an appointment within 24 to 48 hours of referral, with a report 
to follow that same day. This is a great selling point for workers’ 
compensation patients. Include a sample brochure explaining the 
EDX procedure that can be handed out to patients referred for 
testing. Offer to provide, free of charge, a significant quantity of 
these brochures (stamped with your name and office number) to 
the potential referring physician. Brochures can be self-designed, 
or obtained from AANEM on thier website at www.aanem.org. 
In any mass mailings, include a few business cards for their files 
with your contact information. Additionally, prescription pads 
might be handed out to frequent referral sources to allow them to 
fill out brief consultation requests with their reason for referral or 
specific consultation request. Your practice can also be promoted 
by a personal offer to give a grand rounds or lecture at a local 
hospital, to speak at a meeting with local employers who have 
significant repetitive jobs, or by writing a newsletter. Finally, if a 
letter introducing a new physician to your medical community is 
delivered to your office, send a welcome letter back to introduce 
yourself and offer them assistance in making the transition to  
the community. 

CONCLUSION

The key to success is remembering that two satisfied customers are 
needed, the patient and the physician who referred them. Utilize 
any technique possible to make the referral process and subsequent 
report easy and available to the referring physician. Make it a top 
priority to provide quality care to the patient while minimizing any 
procedural discomfort and anxiety. These suggestions will be ben-
eficial in increasing the number of referrals to your practice.

RESOURCES

Physician’s News Digest, March 2008, pg. 11.
Dumitru, Daniel: Electrodiagnostic Medicine, Hanley & Belfus, 1995, pp 

242, 387-412.
AANEM Position Statement: Reporting the Results of  Needle EMG and 

Nerve Conduction Studies: An Educational Report. Available online 
at www.aanem.org
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What is Marketing?

Merriam-Webster defines marketing as "the process of planning 
and executing the conception, pricing promotion, and distribution 
of ideas, goods, services, organizations, and events to create and 
maintain relationships that will satisfy individual and organiza-
tional objectives.”

Many people think that marketing is only about the advertising 
and/or personal selling of goods and services. Advertising and 
selling are just two facets of many marketing strategies. 

Marketing is one area where most physicians probably do not 
receive a great deal of training in medical school or in training 
programs. Physicians that began their practices 20 or 30 years 
ago initially enjoyed the “golden years” of private practice, then 
endured the painful intrusion of managed care, and have survived 
the somewhat tumultuous aftermath. Some physicians are unhappy 
with their current positions. Many have reached a point where they 
expected to be able to “take it easy,” yet find themselves working 
harder than ever. Others are concerned about a continued decline 
in reimbursements. With vast experience and an eagerness to work, 
practices and revenues continue to shrink while challenges continue 
to mount.2 Below are some suggestions that can help guide your 
practice along a path of success.

Why Market Your Practice?

Marketing your practice is important, whether you are just start-
ing your medical career or would like to take your existing prac-
tice to the next stage of growth while offsetting the impact of  
managed care.1

The medical industry has changed tremendously over the past 
years. Electrodiagnostic and neuromuscular medicine is a referral 
practice. Physicians must actively promote their services instead of 
simply waiting for patients. In planning for the future, it is neces-
sary to take a proactive rather than a reactive approach. Years ago, 
physicians would not advertise in newspapers or in the telephone 
book. Today, physicians must operate within this new competitive 
environment.

The advent of the Internet has resulted in significant changes in 
patients’ expectations and knowledge base. When choosing their 
medical providers, patients examine whether a physician provides 
timely service, customer satisfaction, and quality care.

Referring physicians and payors are also holding physicians to 
higher standards. A well-planned and executed marketing plan is 
the first step in staying ahead of competitors and meeting the needs 
of patients and referral sources. Marketing is a way to educate pa-
tients, referring physicians, and the community about the services 
your practice has to offer. 

Many people confuse marketing with advertising. Both compo-
nents are important, but differ in many ways. Marketing involves 
the development and implementation of a strategic marketing plan. 
The marketing strategy will outline the specific actions needed to 
reach the outcome goals desired.

Advertising is an expensive and impersonal means of reaching 
a large audience. It can be purchased on radio, television, bill-
boards, and in newspapers and magazines. Advertising can involve 
a direct mailing to a target audience. Some people may not like  
“advertising” and consider it to be flashy and unprofessional. 

Successful Marketing Strategies for 
Electrodiagnostic and Neuromuscular 

Medicine

Mohammad A Saeed, MD, MS
Electrodiagnosis and Rehabilitation Associates of Tacoma
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However, advertising is simply one component of a market- 
ing plan.

Some of the reasons to market your practice include gains in market 
share and an increase in revenue, increased patient volume, the op-
portunity to increase the number of physicians, and the ability to 
expand into new areas such as health maintenance organizations or 
independent medical examinations. All of these can help offset the 
impact of managed care. Marketing can also help increase general 
public and patient awareness of your practice or of any new office 
locations that may be opening. Developing business relation-
ships through marketing can be of great value in expanding your  
referral base. 

Physicians often depend on the same referral base they used 
many years ago. However, not all of those physicians are still 
practicing. Some have relocated, while others have retired. 
Some patients have switched to managed care plans, which 
results in business declines. Solo practices are particularly vul-
nerable, as some managed care plans will only contract with  
group practices. 

To have a successful practice, the referral base must grow. It is 
important to develop relationships with young physicians that 
are entering the community. Seasoned physicians are needed to 
introduce them to the community and for support.

New primary care physicians need to know where to refer their 
patients for specialized care. They will gain confidence in a physi-
cian’s ability to treat patients from a personal and a clinical point 
of view once the lines of communication are open and a relation- 
ship grows.

Additionally, the medical staff offices at local hospitals can provide 
staff rosters. This is a good place to seek out new physicians in the 
area. Prepare a list of the physicians that would benefit from your 
services and begin contacting them. 

Make a point to introduce yourself to each physician targeted. 
Invite them to a business lunch or another activity where you can 
‘market’ your services. Physicians are known to be extremely busy 
and often have little time. Consider offering to bring lunch to 
their office. Furthermore, invite them to a local medical society 
meeting where they can also network with other area physicians. 
Get to know them personally and find out about their personal 
interests. If their hobbies include sports or boating, invite them 
to join you for a tennis match or a round of golf. If your office 
is planning a company picnic, invite them to come and to bring  
their families.2

Additionally, stay active with hospital activities and committee 
work. Grand rounds and involvement with committees can pay 
off in developing relationships with other physicians. 

Tap into your local media. Contact the editor of the health and 
medicine section of a local newspaper and extend an invitation for 
a personal interview.

In terms of print media, consider developing a folder of material to 
highlight your practice. This is an ideal tool to bring to a market-
ing luncheon with other practices. The folder should include, but 
not be limited to, a brochure, referral forms (both fax and patient), 
and business cards/appointment cards for the patient. Include any 
items that would make it easy for the physician to refer patients to 
your practice. For a solo practice, include a copy of your curriculum 
vitae, copies of online articles you have authored, publications in 
your areas of expertise, or transcripts of lectures you have given. A 
black and white photograph is a particularly good addition when 
distributing information to the media. Remember, your business 
should portray an image of professionalism and your personality. 
Be sure to brand your practice with the use of consistent letterhead, 
envelopes, and logos on any printed material. If you do not have 
a logo, work with a local graphic designer to develop one for your 
material.

Contact a local medical society or hospital and offer to give a 
lecture in your area of specialty. This will provide an opportunity 
to distribute brochures, pamphlets, and business cards. The orga-
nization may also circulate a flyer that introduces you and your 
specialty to the community. 

Your office staff is a very valuable tool in promoting your busi-
ness and professional image. Encourage your office manager or 
an appropriate staff member to be active in community organiza-
tions. Pay membership fees for them to join local service groups 
as a representative of your office. Your office manager can also 
volunteer you to be a program speaker. Allow him or her time to 
attend luncheons where other practice managers gather to socialize 
and network. Contact with other office managers is a vital part of 
keeping your practice alive. Maintaining good working relation-
ships with staff in other offices plays an important role in promot-
ing your image.2

Remember that the most important asset to marketing your prac-
tice is people. Make sure that you and your staff members are com-
mitted to making the patient feel important. Provide the absolute 
best service to your patients. People like to know they are receiving 
the very best medical experience that the community has to offer. 
Patients that have been referred will always let the referring physi-
cian and others know whether or not they were treated well. Treat 
your patients with respect, kindness, and give them your best. It is 
important to routinely use patient satisfaction surveys. . You can 
use internet software to conduct patients surveys as well. 

Superior patient care begins with the scheduling process. This 
process should be accessible to physicians, their staff, and patients. 
Allowing physicians to fax or e-mail a referral form, as well as 
providing a telephone contact for staff or patients, is a necessity. 
The fax referral form works best for both the referring physician 
and your office. With this, you will receive information from the 
referring physician that shows the request. Regardless of the refer-
ral format, each should be handled with professional diligence. For 
patients with busy work schedules, early or late day appointments 
as well as weekend appointments are helpful. Making yourself 
available for emergency consultations is also advantageous. Make 
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sure your reports are accurate and complete with recommendations 
or suggestions. Be prominent in the community. It’s your practice. 
Make the most of it.

Market With Your Website

With the Internet, you can present your practice to millions of 
people at any given time. Creating a website for your practice not 
only produces awareness to physicians looking for new prospective 
patients, it also extends exposure to individuals who may be search-
ing for a specialty practice, or caregivers.3

To communicate effectively with Internet audiences, including 
potential patients, your website should contain the following: (1) 
a good design with frequent updates, (2) a substantial amount of 
information about what you have to offer, and (3) user friendly 
applications with simple, well organized navigation tools. It is im-
portant to remember that not everyone is computer savvy.4

Focus the information on your philosophies and their relation to 
medical care, patient care, and customer service. Provide a brief de-
scription of the services offered and list the health plans you honor. 
In a group practice, include biographies and photographs of each 
physician. Structure your biography to include a brief description 
of your education and training. Remember to include professional 
information and a bit of personal information. Hyperlinks to other 
information such as your curriculum vitae, additional photographs, 
papers you have authored, or lectures you have presented can also 

be included.3 There are many web-based tools that can provide 
mapping features, allowing patients to obtain driving directions 
directly from the site. Use your website to announce changes  
to your practice such as a physician joining the practice, an  
associate’s retirement, or the announcement of the opening of a new  
satellite office. 

The above information provides general strategies for marketing 
your practice. Be sure to personalize any given strategies to suit 
your practice, preferences, or community. As with any serviced-
based business, in order to thrive, you must be able to modify and 
fine-tune your marketing skills in this dynamic modern medical 
industry.  The AANEM offers tools to market your practice which 
are located on the AANEM website at www.aanem.org. 
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INTRODUCTION

Training and expertise in neuromuscular and electrodiagnostic 
(EDX) medicine are certainly crucial factors in the success of your 
medical practice. However, another important determinant is your 
office staff, how effective they are in their respective jobs, and most 
importantly, how they work together as a team to build and main-
tain an efficient and prosperous office.  

In assembling an office team, it is important for you to determine 
which supporting roles are most necessary for the success of your 
practice.  Keeping in mind the idealized practice you intend to build, 
you need to identify which office support staff are necessary. You 
should first inventory your own strengths and weaknesses to identify 
the components of the practice which you can do well and areas you 
need help. You also need to assess what you want to dedicate your 
time to and what you do not want to do. Compare staffing your 
office to the critical casting of a major motion picture.  Each cast 
member should be carefully selected with specific criteria in mind 
to ensure the lasting production of a well-rehearsed and seamless 
medical practice. The physician typically holds the “leading role” but 
relies heavily on a supporting cast to maintain a successful business 
and to be able to focus on the practice of medicine.

OFFICE MANAGER

In many ways even more important than your role as the physician, 
your office manager is the largest single determinant to the success 
or failure of your medical business.  Having a good office manager 
alleviates your need to focus on the financial and management re-
sponsibilities and allows you to focus on your patients.  Maintaining 
a high level of communication with your office manager at all times 
is very important.  It is necessary to convey your thoughts, plans, 
and goals so that you may remain confident in your business op-

erations. You should hold “minute meetings” and longer meetings 
with your office manager to make sure you effectively communi-
cate your needs.  Minute meetings are generally held daily, do not 
have a set agenda, and tend to address pressing matters, or those 
"fires" that need to be extinguished.  Longer meetings can be held 
bi-weekly, weekly, or monthly.  They typically involve a set agenda 
that is developed by both the physician and the office manager.  In 
longer meetings, it is a good idea to keep minutes for later review, as 
well as for legal purposes.  It is imperative that the office manager is 
a good communicator, humble, teachable, organized, compulsive, 
detail-oriented, and loyal.  Other desirable characteristics for an 
office manager include:  creative, effective as a leader, intelligent, 
and committed.  A good office manager must have a natural sense 
for determining whether an issue needs your immediate attention 
versus issues that can wait until you have time.  An effective office 
manager must be able to delegate duties and tasks at the right time 
to the right people.  A skilled office manager will be able to oversee 
others in the office in a non-intimidating, yet professional manner.  
Finally, an effective office manager works to stay ahead of the curve 
on issues relevant to billing and payment issues and medical prac-
tice management trends.  Their own knowledge and experience, 
relationships with other local and national office managers, as well 
as information from other organizations can help foster success in 
this area.

It is important that you allow your office manager to take care 
of issues related to the management of the office and person-
nel.  Be consistent with all staff, and with your office policies and 
procedures. Establish boundaries so your staff knows the chain of 
command.  Keep your relationship with staff and patients profes-
sional.  Finally, establish high standards for yourself, maintain 
integrity, and live your values. Your example of honesty, integrity, 
and professionalism will guide your office staff and help build and 
maintain a successful medical practice. 

How to Create a Successful Team and 
Build Your Electrodiagnostic Referral Base

Pearls of Wisdom 
(Tempered by Experience)

Peter A. Grant, MD
Private Practice

Medford, Oregon
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OTHER KEY TEAM MEMBERS

Receptionist 

The receptionist is responsible for making the first impression of 
your office with patients, visitors, and those who call on the tele-
phone.  This team member develops the strongest relationships 
with your patients.  The receptionist represents the personality of 
your office and can be crucial in keeping your patients happy.  Your 
office receptionist needs to be one of the nicest, sweetest, and most 
lovable people in your office.  Do not underestimate the impor-
tance of this role when setting up your team.

Patient Scheduler 

The importance of the patient scheduler is often overlooked. It is 
critical that this person is pleasant, kind, and patient.  The sched-
uler is the conduit to your office for referral sources.  This team 
member is invaluable, as the growth of your business depends 
heavily on their role in maintaining good business relations with re-
ferral offices. With this team member’s friendly manner and profes-
sional skills, your next patient is always just a telephone call away!

It is important to help your staff streamline the referral process.  
Remember Your Scheduler + Their Scheduler = Good Friends. 
They should enjoy interacting with each other.  Sometimes the 
referral process requires extra effort on your part.  Treating the 
referring office staff members to lunch a few times a year or pre-
senting them with a small gift for their workplace are simple ways 
of showing appreciation. It works best to have your scheduler and/
or Receptionist take the other offices staff member(s) out to lunch 
or give them the gift.

Just remember that when it comes to gifts, for physicians, you need 
to be aware of Stark II and Medicare-Medicaid Anti-kickback statutes.  
Gifts could be viewed as incentives to refer patients.  Both the gift 
giver and the gift receiver need to be careful.  The safest practice would 
be to not provide gifts to referring physicians that refer Medicare or 
Medicaid patients to you.  If, however, you wish to provide gifts to 
your colleagues, there is an exception to the Stark referral prohibi-
tion that allows physicians to send non-monetary gifts to physicians 
that refer Medicare-Medicaid patients to them as long as the total 
aggregate per gift amount does not exceed $300 in one calendar year.  
Remember, however, that the following rules also apply:  

 
 takes into account the volume or value of referrals or   
 other business generated by referring physicians; 

 or the physician’s practice (including employees and staff  
 members); and 

There is no language in Stark II that differentiates between the 
number of Medicare versus non-Medicare patients a specific physi-

cian refers to you.  So even if the referral source only sends you one 
Medicare patient per year, the Stark II laws could be applied to you

When your scheduler receives referrals, always clarify what is 
being asked for and what is needed.  This will streamline the 
referral process and benefit your office and theirs.  You may wish 
to offer to help the referral office obtain pre-authorizations for 
your EDX studies.  Supply the referral provider’s office with ap-
pointment cards and EDX pamphlets that include your business 
information.  These might include directions to your office, phone 
numbers, or information about the EDX procedure itself and 
can be distributed to patients that are referred to your office for  
EDX consultations.

Billing Clerk 

Your office billing clerk’s primary desire should be to keep the 
number of your accounts receivable low and your collection rate 
high.  This team member also must be humble and loveable.  They 
must be able to explain multiple and confusing insurance policies 
to patients so that they can feel confident in making the payments 
that are requested of them.  At times, conversations about money 
and/or payments may cause a patient to become upset.  It is impor-
tant that your billing clerk has the crucial skills needed to diffuse 
emotional situations as well as request payment in a nonoffensive 
manner to maintain positive, professional interaction with the 
patients.  It is very important that they understand the different 
insurance companies' rules and can explain them in simple terms 
to your patients.

Typist 

If effective, your typist will produce good quality reports in a timely 
manner (thereby, making your referral sources happy). If MORE 
effective, your typist will be able to recognize any problems within 
the report and request your review before it is sent out.  If EVEN 
MORE effective, the typist will be able to type, fax, and/or email 
reports within 1 to 3 hours after the patient is seen.   Taking 
time in the beginning to train your typist will save you time in  
the end.

Medical Assistant 

The addition of a nurse or medical assistant to your team can also 
help to keep patients and your referral sources happy.  Although 
these team members are not necessarily needed in purely EDX 
consultative practices, with appropriate training and experience, 
they may be able to assist you in taking patient histories.  Nurses or 
medical assistants can also relay information to patients and serve 
an important role in effective triage. 

Workers’ Compensation Liaison 

The workers’ compensation (WC) or insurance liaison represents 
a category of medical office staff not always seen.  These team 
members are important “promoters” in terms of positive business 
communication with the WC and other insurance companies.  
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They can also promote better reimbursement from WC/insurance 
companies, gain additional referrals from WC/insurance compa-
nies, and can help patients dealing with WC/insurance claims. It 
is important to hire someone that has the ability to understand the 
needs of the insurance and WC companies.

Physician Extender

The addition of a physician’s assistant (PA) or nurse practitioner 
(NP) is not necessarily needed in a purely EDX consultative 
practice.  Under direct supervision, a physician extender may 
perform limited nerve conduction studies (NCSs).   The PA or 
NP can take patient histories and perform a physical examination 
in preparation for an EDX examination.   However, under no cir-
cumstance should this team member be allowed to design the EDX 
examination or perform the electromyography (EMG) portion of  
the examination.

Office Clerk 

The office clerk helps to keep the office running smoothly 
by filing, copying, answering telephones, and other such 
tasks.  The clerk can help to insure EDX reports are in  
referral offices for appointments in a timely manner and can assist 
other staff members with heavy workloads so that they are able 
to tend to responsibilities that more directly enhance your EDX  
medical consultations.

EDX Technician 

An EDX technician can perform NCSs under direct supervision.  
This allows the physician to spend more time with history and 
physical examinations, needle EMGs, and other duties.  Just as in 
the case of physician extenders, the EDX technician should not be 
performing EMGs.

Information Technology Specialist 

At a time when so many people look to the Internet for informa-
tion, an information technology (IT) specialist can help create and 
maintain an effective website for your business.  The website can 
include directions to your office, updated information about your 
practice, descriptions of your EDX procedures, and your personal 
qualifications, education, and experience.  Billing and payment 
issues can also be addressed online. An IT specialist can help keep 
your office running efficiently by maintaining the working order 
of your computer system.  The IT specialist can insure timely and 
efficient billing, better management of  referrals and scheduling, as 
well as quick access to reports used to monitor referrals (how many, 
what type, by whom, etc.).

Other Possible Team Members 

As dictated by your business needs, other personnel may also be 
integrated as part of your office team.  An accountant could offer 
assistance in maximizing business write-offs, as well as keep you 
informed of ways to structure your practice to decrease tax expo-

sure.  Office payroll is another responsibility often handled by an 
accountant.  A financial consultant can help keep your investments 
working for you to ensure future financial stability.  In addition, 
a retirement or pension consultant can help keep your retirement 
funds growing.

THE IMPORTANCE OF THE TEAM

Your staff members represent an extension of you.  Make sure they 
reflect your priorities, values, and commitments. Help your office 
staff maintain an “Attitude of Gratitude” when dealing with referral 
provider offices.  They need to remain mindful of the importance 
of being grateful, helpful, and courteous to those in other offices.  
Office staff members must always keep in mind that one patient is 
not just “one patient,” but is actually one of hundreds of patients that 
could potentially be referred by a particular healthcare provider. 

When working as a team, it is most important to share common 
office goals.  These goals are best determined by you and your 
office manager, with the addition of other staff input.  Office goals 
should be clearly understood by all members of the team through 
discussion, handouts, postings in a break room, or emails.  Staff 
members should be updated on any progress made as the goals are 
monitored. Successes should be reinforced with praise or small gifts 
(e.g., gift certificates, lunch at the office).

Your office team members should all be well versed in “basic re-
sponses” to common questions. Consistent and unified responses 
to questions from patients, insurance representatives, legal offices, 
and referral offices can allow others to view your practice as a reli-
able, trustworthy, and stable business.  Team members should have 
basic responses to patient complaints, basic triage techniques that 
are specific to your practice, general responses to common patient 
questions or concerns, as well as responses to common questions or 
concerns from referral offices.  Payment denials, responses to ques-
tions from attorneys’ offices, and from insurance carriers should also 
be areas where a basic response is used.  Those contacting your office 
should receive a nearly identical response from all staff members.  
This can help in avoiding many potential communication problems 
and conflicts.  Create a document that lists the common questions 
and responses so your staff can easily find these answers.

It is important to encourage members of your office team to advo-
cate for you and your medical practice in all places and at all times!  
Teach them by communicating the importance of certain proce-
dures, provide them with examples, and demonstrate by example.  
Advocate for your team members.  Be worthy of their praise and 
endorsement in all you do professionally and personally.  Referrals 
can be gained (or lost) outside the walls of your office.

Teach your office staff to be humble, congenial, and respectful 
when communicating and interacting with referral offices, patients, 
WC and insurance companies, attorneys and their office staff, and 
others.  Those who are impressed with your staff will likely be im-
pressed with you.  This can also work in the reverse manner; if they 
dislike your office staff, they may be more apt to dislike you.
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RETAINING STAFF MEMBERS

Once you have a strong, reliable, committed team in place, it is 
important to retain these valued staff members.  In this regard, 
some general guidelines include: being liberal with PRAISE, being 
GENEROUS at every opportunity, being KIND in word and deed, 
being LOYAL, and being UNDERSTANDING.  

A happy employee is productive, stable, and will likely continue 
working for you.  To remain competitive, salaries should be kept 
at the upper end of the regional or local pay scale.  This informa-
tion can be obtained from a county and/or state medical society.  
Consider the factors that make people want to remain at a job.   
Contrary to popular belief, it is NOT just about the money. There 
are other ways in which you can show team members that valuable 
role they play in the success of your business.  Provide excellent 
benefits and show your staff that you care about them.

Below are benefits you should consider providing:

 
    to help offset expenses)

    to staff members during the holidays 

 
    choice and gift or gift certificate)

 
     professional meetings

Many things that you can do for your staff do not cost money but 
let them know you care. Be flexible in staffing and allow them to 
take time off to attend school events and other important activi-
ties.  Always be supportive of staff spending time with their fami-
lies.  Your staff needs to know you have a life outside of work, and 
that you want the same for them.  Be supportive of their interests, 
hobbies, and/or outside activities and remain flexible in staffing to 
promote their enjoyment of these things.  Extend support to the 
interests and activities of their children by donating to fundraisers, 
and occasionally attending a sports event, or other activity.  Serve 
as a liaison for the medical care of your staff. Have fun in the office 
and realize that it is okay to laugh and to enjoy the people you 
work with!  They become a second family and it is important to let 

them know you care about them.  Take the time to tell staff about 
your family and to ask them about theirs. Brag about your office 
team members every chance you get as word will return to them 
and make them feel truly appreciated.  Allow them to get to know 
you as more than a doctor or their boss by telling funny stories  
or jokes.  

Support them in their work.  If a patient is being disrespectful 
toward your staff member, step in and defend them.  You may lose 
one patient (one you probably don’t want to see anyway), but you 
will gain an even more committed and loyal employee.  

It is important for you to be a role model for your employees.  
Show your support of community events (i.e., local festivals, 
student exchange programs, auctions, high school activities, other 
community events).  Your team members will be proud of your 
support and respect you for your involvement. The community will 
also acknowledge and appreciate your support. 

Promote and praise staff members in your literature, on your 
website, in your words, and through your actions.  Keep a  
reasonable “Open Door Policy” without crossing boundaries.   
Be available for and receptive to staff questions and concerns  
(e.g., coding, medical, purchasing, financial, or other).  Encourage 
your own spouse and family to visit the office occasionally at less 
busy times so that your staff sees you as parent and spouse and 
not just doctor and boss. The key is to communicate with the 
staff and let them know you appreciate them and like the work 
they do, they will strive to please you when they receive consistent 
positive feedback.   

It is important to provide new employees with the proper resources 
and tools needed for them to learn about their responsibilities.  Tap 
into the expertise held by current office staff members.  Encourage 
your office manager to review prepared programs, booklets, and 
courses with the new employee (e.g., National Medical Group 
Managers Association [MGMA], State MGMA, American Medical 
Association , state and county medical associations).

KEEP YOUR PROVIDERS AND PATIENTS HAPPY 

Go the extra mile and be different.  Some physicians provide just 
the diagnostic report of the EMG/NCSs instead of providing 
a comprehensive report with their findings, however, referring 
sources do appreciate the comprehensive findings.  If you are 
aware that the patient has an upcoming appointment with the 
referring provider, make certain that the results are sent to the 
referral provider in hours to days BEFORE the patient is seen 
again by that provider. At times, you may need to provide your 
findings immediately.  If you need to call the referring source, do 
so.  If you need to do a STAT report, do so.  It shows your refer-
ring source that you are conscientious and recognize the value of 
everyone’s time in the continuity of patient care.  Make yourself 
available to other providers.  Attempt to personally answer tele-
phone calls from referral providers. Answering their questions 
immediately may result in increased referrals as the patient they 



are calling about may become a referral.  Talking to them gives 
them an opportunity to see you as an EDX expert and may result 
in future referrals.  

Be prepared to see the patients that are referred to your office.  
Make sure your staff prepares the charts and is ready for the fol-
lowing day’s schedule of patients.  Check that any chart notes, 
radiographs, magnetic resonance images, insurance authorizations, 
or other needed paperwork is readily available prior to the patient’s 
arrival to your office. The referring sources’ offices will appreciate 
your preparedness.  With regards to preparing charts for patients, 
obtain only the most relevant records needed to evaluate and treat 
the patient. At the very least, obtain the last chart entry, or that 
which states the reason for the patient’s referral visit.  It is important 
to give your patients your full attention and respect.  The way in 
which patients are treated in your office will be shared with others, 
especially the referring source.  Know your staff well and be aware 
of how they relate to others; most specifically, how they relate to 
patients and referring offices.  

Make sure your office is running efficiently and smoothly.   Do not 
give patients any reason to doubt the quality of treatment they will 
receive, or cause them to question how their medical records or 
financial accounts will be handled.  It is important that you review 
your financial reports on a monthly basis and ask questions.  Do 
not allow for an atmosphere without checks and balances.  Work 
closely with your accountant and be aware of the historical trends 
of your business.  

Monitor and record all information pertinent to your referrals.    
Numbers of EDX or general patient referrals from each refer-
ral source, office revenues, and diagnoses are helpful data.  Any 
changes or abnormalities involving patient need to be identified 
and then must be addressed. Make yourself immediately available 
to your office manager when a problem arises.  

PROMOTING AND KEEPING EDX REFERALS

It is a helpful practice to monitor all referrals to your office.  A 
referral list can be kept by an office staff member such as the 
scheduler.  The list should be reviewed at least every 6 months.  

The scheduler can also alert you to any changes noted in referral 
practices.  An annual compiled report of referrals to your office 
should be reviewed and filed for later review or comparison.  If 
there is a drop in the number of referrals, contact the referring 
healthcare provider (e.g., “I just wanted to touch base with you 
– I hope I’m still providing you with timely and informative  
EDX consultations…?”).  

Another good way to bolster your EDX (or other) referrals is 
to give lectures to local healthcare provider groups (e.g., family 
practice or internal medicine departments at local hospital or the 
monthly family practice or internal medicine specialty meeting). 
Ask a group leader what EDX related topics might be of interest to 
group members, then give talks or lectures to stimulate referrals.  
As you give these talks have the undercurrent or theme be that 
you are the EDX “expert” and that you will be providing a service 
that will help them and their patients.  The American Association 
of Neuromuscular & Electrodiagnostic Medicine (AANEM) has 
created educational slides sets that can be customized to fit dif-
ferent audiences and these are available on the AANEM website 
at www.aanem.org.  Often, new patient referrals will be called to 
your office the day after lectures of this type. 

Consider meeting with referral providers to answer questions or 
provide some teaching opportunities (e.g., EDX studies: when or 
why to order, what information you can give to help them and 
their patients).  Make sure to keep your referral providers satisfied.  
Consider a time related commitment to those providers you want 
to see more patients from (and those you see patients from now 
and want to make sure they continue to refer to your office).  Make 
extra efforts to see patients as soon as possible for those referral 
providers you want to make or keep happy.

CONCLUSION

The success of a neuromuscular and EDX practice relies upon 
an effective, cohesive office team.  Each member must be care-
fully selected for their role in producing a well rehearsed and 
efficient medical practice.  It is important that you and the 
members of your team keep your patients happy and your referral  
sources happy.
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INTRODUCTION

As a physician, you are familiar with patient advocacy. Over the 
course of your career you will advocate for the needs of your pa-
tients.   In addition to advocating for your patients, it has become 
increasingly important to advocate for your practice and your 
specialty.  As healthcare costs continue to rise, areas of practice 
traditionally considered within the scope of medicine are being in-
corporated into nonphysician providers’ practices.  Some nonphy-
sician providers have identified electrodiagnostic (EDX) medicine 
as a practice area of interest.  It is the opinion of the American 
Association of Neuromuscular & Electrodiagnostic Medicine 
(AANEM) that these nonphysicians are providing EDX care 
without appropriate training and are placing patients at risk.  The 
expansion of scope by nonphysician providers into EDX medicine 
has been occurring for many years.  

There are four types of providers that are actively expanding their 
scope of practice to include EDX medicine –– chiropractors, physi-
cal therapists, some nerve conduction study (NCS) technologists 
working in mobile diagnostic units, and most recently, primary 
care physicians.  

The following provides an overview of advocacy including a review 
of how a bill becomes a law, the difference between a law and a 
regulation, and the role of each state’s board of medicine.  The 
unique scope of practice challenges of each type of provider will 
be discussed along with how you can help the AANEM protect 
patient care and stop this growing trend of untrained practitioners 
performing electrodiagnostic studies.

ADVOCACY 101

How Does a Bill Become a Law?

The first step for a bill to become a law is the development of the 
bill language.  This language must be drafted based on the state’s 

existing medical practice statute.  Each state has different language 
regarding how it defines the practice of medicine and how nonphy-
sicians’ roles are specified in the statute.  In order to add language 
specifying that the interpretation of NCSs and the performance 
and interpretation of needle electromyography (EMG) are the 
practice of medicine, the organization and structure of the state’s 
statute must be clearly understood.  Language may need to be 
inserted in the physician section of the statute, the nonphysician 
section of the statue, or in both sections. Hiring a lobbyist is a key 
step in this process.  The lobbyist is able to provide guidance on the 
appropriate language for the bill.  

A bill may be introduced in either the Senate or House of 
Representatives by a member of that legislative body. Determining 
whether to introduce the bill in the Senate or House first is a strate-
gic decision.  When the AANEM is seeking to introduce a bill, the 
lobbyist assists in identifying an appropriate member to approach 
and discuss his or her willingness to sponsor the bill.  The AANEM 
identifies a sponsoring senator and representative prior to bill in-
troduction.  The sponsor is extremely important.  The sponsor has 
to be willing to talk to other members of the Senate or House and 
convince them to vote for the bill.  Selecting a sponsor who is well 
respected is critical.  Picking the wrong sponsor is almost impos-
sible to overcome.

Once a bill is introduced, it is referred to a committee for that 
legislative body. Typically it is referred to a committee related to 
health policy.  Sometimes both legislative bodies will have commit-
tees reviewing companion bills at the same time.  Other times, one 
or the other may wait to see the outcome of the other body before 
proceeding.  The committee decides if the bill is unnecessary or if 
they are interested in pursuing adoption of the bill.  If the members 
of the committee are interested in passing the bill, the chair will 
schedule hearings.  At the hearings, the committee members listen 
to facts and opinions presented by experts and other interested 
persons. If the committee is not interested in pursuing the bill, it 
can die in the committee. This happens when the committee chair 
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does not schedule a hearing, or does not schedule a vote following 
a hearing.  This is why it is important to educate the chair of the 
committee about the importance of the bill.  This is an impor-
tant priority for the lobbyist and the physicians in the state.  The 
AANEM has found it critical to have several physicians from the 
state testify about the importance of having a physician perform 
EDX studies.  Hearing from local physicians helps the members 
of the committee understand the studies and understand how it 
affects their constituency. 

After members of the committee have debated the bill and perhaps 
offered amendments, a vote is taken; if the vote is favorable, the 
bill leaves the committee and is sent to the Senate or House.  The 
members of the Senate or House can then pass, reject, or take no 
action on the bill.  If the committee holds a hearing and passes 
the bill, it will draft a report on the passed bill that is read in open 
session of the Senate or House.  During the reading in open session 
of the Senate or House, the bill is subject to debate and amendment 
before being passed.  It is critical that the lobbyist understand the 
issue.  If the bill is amended in a manner that is against the intent of 
the bill, immediate action is necessary. At this point, only a member 
of the Senate or House can seek to further amend the bill to align 
with the intent of the bill.   

After passing one legislative body, the bill goes through the same 
procedure in the other. If amendments are made, the bill must go 
back to the other body to approve the changes. When the bill is ac-
cepted in both chambers, it is signed by the respective leaders and 
sent to the governor. The governor signs the bill into law or may 
veto it, or part of it in some states. (See Figure 1)

What is the Difference Between a Law and a 
Regulation?

A law and a regulation are not the same.  A law, or statute, is a 
policy developed as a result of the legislative process.  A bill was 
developed and navigated through the legislature as discussed above 
and ultimately signed into law.  A regulation follows a different, but 
related path.  A regulation is generally implemented by a regulatory 
body, such as a state board of medicine or the state department 
of health.  A regulation is a governing rule used to implement a 
primary piece of legislation.  For example, many states have laws 
that mandate child safety seats.  The specific rules as to how this law 
is implemented, what type of seat is allowed and other parameters, 
may be defined by the state department of health or safety.  The 
specific rules are typically considered regulations.

What is the Role of the Board of Medicine?

State boards of medicine are charged with protecting the public’s 
health and safety through proper licensure of all physicians practic-
ing in the state.  Generally, boards of medicine have a complaint 
process to initiate a review before there is investigation of the com-
plaint.  Often the complaint form is available on the state board of 
medicine’s website.

Boards of medicine originally provided oversight over both physi-
cian and nonphysician healthcare providers.  In the 1980s, provid-
ers, such as chiropractors and physical therapists, were able pass 
legislation creating their own licensing board.   This has created 
problems when the different boards disagree.  For instance, the 
Texas Medical Board stated that needle EMG is the practice of 
medicine.  However, the physical therapy board and the chiroprac-
tic board stated that it was also within their scope of practice.  On 
September 14, 2006, the Texas Medical Association sued the Texas 
Board of Chiropractic Examiners requesting that the court invali-
date the Chiropractic Board’s rules that would permit chiropractors 
to perform clinical needle EMG because the procedure constitutes 
the clinical and legal practice of medicine.  The case still has not 
been resolved.  

As EDX physicians, when you identify poor patient care or a study 
that was performed improperly, it may be appropriate to submit a 
complaint to your state board of medicine.  You will need to submit 
a description of the problem you have identified, and in the case 
of poor quality reports it is advantageous to provide your report to 
demonstrate the deficiencies in the other report.  If you choose to 
submit a complaint to your state board of medicine, also forward 
a copy of the report to the AANEM.  The AANEM tracks com-
plaints and may need to follow-up with you to learn of the outcome 
of your submitted complaint.

NONPHYSICIAN PROVIDERS

In order to understand the growing incursion into the field of EDX 
medicine, it is important to learn about these nonphysician provid-
ers’ scope of practice, and the training they receive in the field of 
EDX medicine.  
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Chiropractors

Scope of Practice:  According to the American Chiropractic 
Association, “Chiropractic is a health care profession that focuses 
on disorders of the musculoskeletal system and the nervous system, 
and the effects of these disorders on general health.  Chiropractic 
care is used most often to treat neuromusculoskeletal complaints, 
including but not limited to back pain, neck pain, pain in the joints 
of the arms or legs, and headaches.” 

Chiropractors assert that NCSs and needle EMG are the within 
their scope of practice.  The AANEM acknowledges that a chiro-
practor may function as a technologist and perform NCSs with 
appropriate training and education and with appropriate supervi-
sion from a trained physician.  In states such as Wisconsin, Texas, 
Alaska, and several others, chiropractors may perform EMGs under 
regulations put in place by state chiropractic boards.  Medicare does 
not cover chiropractic services for EMG, but many private payors 
do provide such coverage.

Training and Education:  The Council on Chiropractic Education 
(CCE) sets minimum guidelines for chiropractic colleges, but ad-
ditional requirements may be needed for a license depending on the 
jurisdiction where a chiropractor chooses to practice. 

A bachelor’s degree is not an admission requirement of all chiro-
practic colleges.  The minimum prerequisite for enrollment in a 
chiropractic college set forth by the CCE is 90 semester hours, 
and the minimum cumulative GPA for a student entering is 2.50. 
Commonly required classes include: psychology, biology, organic 
and inorganic chemistry, and physics. Other common medical 
classes are: anatomy or embryology, physiology, microbiology, 
diagnosis, neurology, x-ray, orthopedics, obstetrics/gynecology, his-
tology, and pathology. Chiropractic programs require at least 4200 
hours of combined classroom, laboratory, and clinical experience, 
which can be completed in a minimum of 3 years and 4 months. 
The last 2 years stress courses in manipulation and spinal adjust-
ment and provide clinical experience in physical and laboratory 
diagnosis, orthopedics, neurology, geriatrics, physiotherapy, and 
nutrition.  A residency or preceptorship following the chiropractic 
program is not required.  

Review of two chiropractic colleges demonstrates that each school’s 
curriculum includes a single course in which a student may have 
exposure to EMG, but no course work specifically focused on train-
ing in EDX medicine.

To qualify for licensure, graduates must pass four examinations 
from the National Board of Chiropractic Examiners and complete 
state specific requirements. All state licensing boards in the United 
States require the completion of a 4-year program at an accredited 
college leading to the doctor of chiropractic (DC) degree. 

Chiropractic Neurologists: A few chiropractic colleges also offer 
postdoctoral training in neurology.  The American Chiropractic 
Neurology Board (ACNB) grants diplomate status to chiroprac-
tors that demonstrate evidence of 300 post doctoral neurology 
credit hours and have a state license.  After such training, chiro-

practors may take examinations leading to diplomate status in a 
given specialty, including neurology. Individuals that complete 
post doctoral study refer to themselves as chiropractic neurologists.  
The context in which graduate studies are provided widely varies.  
For example, at the Carrick Institute for Graduate Studies, based 
in Cape Canaveral, FL, students select weekend, 15-credit-hour 
courses at locations around the country on peripheral and central 
nervous system disorders.  One can also participate in “Neurology 
at Sea,” a 7-day Carnival Cruise in the western Caribbean.  At the 
National University of Health Sciences in Lombard, IL, students 
fly-in for weekend courses and earn 12 hours of credit toward the 
ACNB required 300 hours.  Clearly, this in no way compares to 
the regulated education required by the Accreditation Council for 
Graduate Medical Education (ACGME) for residents in neurol-
ogy or physical medicine and rehabilitation (PMR), the require-
ments to sit for the American Board of Psychiatry and Neurology 
(ABPN), American Board of  Physical Medicine and Rehabilitation 
(ABPMR), or the American Board of Electrodiagnostic Medicine 
(ABEM) examinations.

Physical Therapists

Scope of Practice: Physical therapists also assert that NCSs and 
EMG are within their scope of practice, claiming that they have 
the education and training necessary to perform EMG in a safe 
and competent manner. Medicare provides coverage of physical 
therapy performed EMGs if the physical therapist has completed 
certification in clinical electrophysiology through the American 
Board of Physical Therapy Specialties (ABPTS).  Additionally, 
Medicare allows certified clinical electrophysiology physical thera-
pists to personally supervise others physical therapist's performance 
of EMG.  The AANEM met with Medicare officials in the 1990s 
when this change was proposed, but was unsuccessful in preventing 
this change from occurring.

Training and Education: Physical therapists currently must com-
plete an undergraduate degree and a 2-year masters or 3-year PhD 
physical therapy program.  During their physical therapy program, 
they are instructed how to perform therapy on patients to improve 
the patient’s quality of life.  A review of several physical therapy 
training programs found little evidence that needle EMG is a part 
of the standard curriculum for physical therapist.  There is, however 
,a program at the Rocky Mountain University that is providing 
Doctor of Science (DSc) in clinical electrophysiology (http://www.
rmuohp.edu/). The clinical electrophysiology program consists of 
75 credits and “is designed for practitioners to continue professional 
work obligations while completing seven semesters, each consisting 
of three modules of coursework. Modules 1 and 3 may consist 
of required readings and assignments, as well as participation in 
threaded discussions, online “chat” discussions, and/or phone con-
ferences. Module 2 in each semester requires attendance on-site for 
lectures, demonstrations, etc.  A written qualifying examination, a 
practical comprehensive examination, and dissertation are required 
following completion of the didactic courses.”  A review of the 
curriculum shows five credit hours dedicated specifically to NCSs, 
six credit hours combining NCS and needle EMG, and four credit 
hours of nerve and muscle pathology.  There are no credit hours 
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exclusively for needle EMG education.  Again, this training is not 
equivalent to the neurology or PMR residency and fellowship for 
training requirements of the ACGME or the requirement to sit 
ABPN, ABPMR, or ABEM examinations.

Clinical Electrophsiology Specialist Certification: The ABPTS has 
developed an examination for select physical therapists that perform 
electrophysiology studies.  The ABPTS requires that the applicant 
self-report evidence of 2000 hours of direct patient care, 500 of 
which must have occurred in the previous 3 years.  Those hours do 
not necessarily include needle EMG.  A physical therapist is only 
required to submit evidence of 500 complete electroneuromygraphy 
examinations during the 2000 hours of study.   Physical therapists are 
generally not trained to perform these studies during masters or PhD 
programs and therefore education outside of their initial program is 
needed to train them on the proper performance of these studies. 
Physical therapists are not trained to diagnose a patient, which is an 
integral portion of needle EMGs and in some states are specifically 
prohibited from providing a diagnosis by statutes, such as California 
and Washington.  The AANEM continues to struggle with physical 
therapists’ assertion that they are using needle EMG for nondiagnos-
tic therapeutic purposes.

Navy Training: Some physical therapists are training during their 
service in the Navy.  The Army does not allow physical therapists to 
perform needle EMGs.  There are no physical therapists performing 
EMGs in any major Army medical center.  According to Colonel 
Dr. William W. Campbell, Director of the EMG laboratory at the 
Walter Reed Army Medical Center, the Navy is different from the 
Army and the Air Force in how they handle training and credential-
ing. For example, general medical officers (GMOs) are physicians 
who perform general medical duties. In the past, most GMOs in 
all services had completed only a 1-year internship. The Army 
abolished internship-only GMOs 10-15 years ago.  Currently, the 
majority of Army GMOs are specialty trained, usually in either 
family practice or internal medicine. The Navy, in contrast, will 
not allow a physician to complete a residency program until after 
a GMO tour which is usually 2 years in length. Therefore 95% of 
Army GMOs are residency trained, but in all likelihood only about 
5% of Navy GMOs are residency trained.

An example may help clarify the implications of this difference in 
policies between the Army and Navy. The Navy provides medical 
care to the Marines. In Iraq or Afghanistan, the first physician 
a wounded marine would encounter at a forward aid station 
would be a GMO who has only internship training. In contrast, 
a wounded soldier’s first contact would be with someone who has 
received specialty training in a residency. It is a difference in the 
philosophical approach between the two services that has signifi-
cant repercussions regarding the quality of medical care. The Navy 
places less emphasis on its medical staff ’s credentials than other 
branches of the armed services.  For example, at Bethesda National 
Naval Medical Center physical therapists are allowed to perform 
EMGs, even though physicians fully trained and subspecialty 
boarded in EMG are available at the facility. In contrast, at Walter 
Reed, physical therapists do not perform needle EMGs. These  
studies are performed only by physicians. 

The fact that the Navy allows physical therapists to perform needle 
EMGs is frequently brought up when the AANEM brings forward 
legislation that limits the performance of needle EMGs to physi-
cians. It is a challenge that needs to be overcome through educating 
the legislators regarding the Navy’s unique structure.

Quality Patient Care:  The AANEM’s position that physical thera-
pists are not qualified to perform needle EMGs is supported by 
research by Dr. Timothy R. Dillingham, Professor and Chair of the 
Medical College of Wisconsin.  Dr. Dillingham’s research examined 
private payor claims data from the MarketScan Commercial Claims 
and Encounters Database for 1998.  Using Current Procedural 
Terminology (CPT) and International Statistical Classification of 
Diseases (ICD)-9 codes, 6381 electrodiagnostic encounters for 
persons with diabetes were identified. Polyneuropathy diagnosis 
rates were highest for physicians—over 12%—while physical 
therapists identified patients with polyneuropathy 2.1% of the 
time.  Physical therapists were 550% more likely than physicians to 
misinterpret the results of a needle EMG and misdiagnose diabetic 
polyneuropathy “(resulting) in unnecessary surgeries and other in-
terventions.” Dillingham added that, “This represents substandard 
care with an inadequate recognition of this disabling condition.” 

NCS Technologists

NCS technologists are trained to perform NCSs under the supervi-
sion of a physician.  The AANEM supports NCS technologists and 
believes they have an important role in EDX physician practices.  The 
AANEM has not encountered challenges with technologists during 
the association’s advocacy efforts.  Rather, challenges have arisen when 
NCS technologists seek to expand their role into performance of 
EMGs during their employment with mobile diagnostic units.  The 
AANEM does not support technologist performing needle EMGs.  
Additionally, Medicare prohibits such performance.  Some mobile 
diagnostic units utilize technologists to perform EMG studies, with 
studies interpreted by a physician in another location, perhaps another 
state.  This has been a more challenging practice to curb.  The physi-
cian interpreting these studies should be reported to the appropriate 
state board of medicine.  Additionally, if these studies are being per-
formed on a Medicare patient it should be reported to Medicare.  The 
AANEM has supported the position of the American Association of 
Electrodiagnostic Technologists (AAET) that technologist not perform 
needle EMGs.  Presently, there are no state licensing entities for NCS 
technologists.  The AANEM Board is evaluating its role with tech-
nologists and how best to assure quality care with the AAET.

OTHER PHYSICIAN PROVIDERS

The last provider group seeking to add EDX studies to their prac-
tice area is primary care physicians.  Over the past few years there 
has been a substantial interest in NCSs performed by nonspecial-
ists.  This increased performance of NCSs is largely due to devel-
opment of technologies targeted at primary care physicians.  These 
technologies include software that assists the user, suggesting that 
that little or no actual knowledge of EDX medicine is required.  
Most primary care physicians performing NCSs are utilizing the 
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NC-stat by Neurometrix.  Other products, such as TeleEMG have 
also risen due to this wave of increased interest by primary care phy-
sicians.  The AANEM has expressed great concern about primary 
care physicians providing NCSs to patients when these physicians 
have  no education or training in EDX medicine.  The AANEM 
encourages physicians that interact with patients who have received 
poor quality studies that reach incorrect diagnosis to report the 
physician to the appropriate state board of medicine.  A wrong 
diagnosis can lead to unnecessary surgeries or a missed diagnoses.  
In addition to working with state medical boards, the AANEM 
is engaged in the process of clarifying CPT coding for physicians 
using automated nerve testing devices.

LEGISLATION

In 2004 the AANEM began exploring development of a legislative 
strategy.  Through legislation the AANEM has attempted to clarify 
current law and require that only physicians interpret NCSs and 
perform and interpret needle EMGs.  The AANEM believes that 
patients deserve an accurate diagnosis and legislation clearly defin-
ing EDX medicine as the practice of medicine is the best method 
to ensure that patients receive quality care.  Legislation was brought 
in three states, Michigan, New Jersey, and Wisconsin.  The details 
of these states’ challenges are outlined below.

Michigan

The AANEM, in partnership with the American Academy of 
Neurology (AAN) and AAPMR chose Michigan as the first state 
to pass legislation.  A lobbyist was hired by all three organizations. 
At the time the bill was introduced, the AANEM was aware of 
a chiropractor who performed needle EMGs in Michigan. After 
introducing legislation in both 2004 and 2005, the AANEM was 
successful in passing legislation stating that EMG is the practice 
of medicine.  (See attachment A.)  Compromise with the chiro-
practors and physical therapists was necessary to ensure passage.  
The chiropractor who practiced EMG in Michigan was a very 
vocal opponent to the bill and fought hard for the compromise 
language.  The compromise language allowed physical therapists 
certified in clinical electrophysiology, those who had performed 
EDX studies over the previous 5 years, and chiropractors with 
additional training that meets board standards to perform the 
studies.  The AANEM, although not satisfied with the compro-
mise, realized that the legislation would better protect patients 
then allowing all chiropractors and physical therapists to perform 
needle EMGs.

New Jersey

Following success in Michigan, the AANEM and AAN chose to 
work on legislation independently.  The AAN worked to introduce 
legislation in New Jersey and was able to pass a bill restricting EMG 
to the practice of medicine.  Through an oversight, the bill was 
amended to require physician performance of NCSs.  This require-
ment does not align with existing practice and the AAN is seeking a 
legislative remedy for this error.  This demonstrates the importance 

of assuring the lobbyist is very clear on the association’s position.  
The AANEM continues to monitor this situation and its affect on 
members in New Jersey.

Wisconsin

In 2005, the AANEM worked to introduce legislation in Wisconsin.  
Wisconsin was chosen as a target because at the time of bill intro-
duction there were no known physical therapists or chiropractors 
performing needle EMG in Wisconsin.  The association believed this 
would make it easier to pass the legislation.  As the bill progressed, a 
few chiropractors testified that they were performing needle EMGs 
and the physical therapists testified that they were interested in 
performing needle EMGs.  A compromise bill that made an allow-
ance for the few neurologic chiropractors introduced in 2006 passed 
through the Senate, but was not able to clear the Assembly.  The 
bill was reintroduced in 2007 without any compromise language for 
nonphysicians.  Hearings were held in both the Senate and Assembly, 
but opposition from nonphysicians made it clear that the bill would 
not pass without compromise.  The bill’s Assembly sponsor was not 
the dedicated supporter that was needed to work with other legisla-
tors to achieve passage.  The challenge for the AANEM in Wisconsin 
was that the legislators believed the bill was being introduced to solve 
a problem that did not exist.  Without evidence of patient harm, the 
legislators were not interested in passing the legislation and angering 
their nonphysician constituency.

Legislation Moving Forward

As the AANEM has maneuvered through the legislative processes, 
it has gained a tremendous understanding of the challenges associ-
ated with introducing EDX legislation.  One of the greatest hurdles 
is educating legislators about EDX medicine.  It is a complex area 
with very little public understanding or familiarity.  The first year 
of legislative activity in a state is spent educating legislators about 
EDX medicine.  Another challenge is the number of entities that 
weigh in on a bill.  In each state, the legislature receives input from 
the following groups as it considers EDX legislation: 

 
 American Physical Therapy Association
 The State Physical Therapy Association
 The State Board of Physical Therapy
 American Chiropractic Association
 The State Chiropractic Association
 The State Chiropractic Board
 American Medical Association
 The State Medical Association
 The State Board of Medicine 
 American Academy of Neurology
 American Association of Physical  
   Medicine and Rehabilitation
 American Association of Neuromuscular  
   and Electrodiagnostic Medicine

 Electrodiagnostic  
    Medicine Bill
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Each of these organizations or regulatory bodies seeks to influence 
the outcome of the legislation and include each organization’s 
respective nonphysician provider, or in the case of the medical 
association, ensure that all physicians, regardless of training are 
incorporated into the bill.  As the illustration demonstrates, opposi-
tion from local and national provider organizations as well as the 
respective regulatory board can be a hurdle.  The early successes in 
Michigan and New Jersey spurred the nonphysician organizations 
to educate their members and to prepare resources to assist them in 
opposing legislation.  The chiropractic and physical therapy associ-
ations, on both the national and local levels are more prepared and 
organized.  They have engaged providers in their respective fields 
that speak to their training and knowledge about electrodiagnostic 
medicine.  For example, in Wisconsin the state physical therapy as-
sociation coordinated attendance of a Pennsylvania physical thera-
pist and the neurologist that employs the therapist for a hearing 
to speak in opposition to the bill.  The lack of clearly identifiable 
patient harm also hampers the legislative effort.  Evidence of patient 
harm is needed to convince the legislatures that action is needed.  
Dr. Dillingham’s study was helpful, but legislators still found the 
issue complicated and challenging to comprehend.  Patient voices 
are needed if the AANEM continues to pursue legislation.

Finally, another challenge is the lack of a united voice from the 
physician community.  It is the position of the AANEM that phy-
sicians interpreting NCSs and performing and interpreting needle 
EMGs must be trained.  Medical licensing boards and state medical 
associations have been, and continue to be, unwilling to designate 
an area of medicine to a specific specialty.  State medical associa-
tions will not support a bill that restricts interpretation of NCSs 
and performance and interpretation of needle EMGs to physicians 
trained in EDX medicine.  Generally, it is the state medical boards’ 
and associations’ perspective that the state should not be delineat-
ing what practices are within a specific specialty’s practice area.  

CODING ADVOCACY

Medicine is a perpetually evolving science and when a new procedure 
or service is developed a CPT code must be created.  The American 
Medical Association (AMA) is responsible for development and valu-
ation of the CPT codes.  CPT codes are promulgated through the 
CPT Editorial Panel, which is comprised of physicians and a limited 
number of nonphysician providers and is a body within the AMA 
that reviews proposals for new codes.  There are several criteria for 
determining the type of code that the CPT Panel creates.  In develop-
ing new and revised regular CPT codes the CPT Panel requires:

and Drug Administration (FDA) for the specific use of devices or 
drugs;

by many physicians/practitioners across the United States;

-
lished and documented in U.S. peer review literature;

of an existing procedure/service nor currently reportable by one or 
more existing codes; and

to report extraordinary circumstances related to the performance of 
a procedure/service already having a specific CPT code.

A service/procedure not meeting the outlined criteria for a Category 
I CPT code may be given a Category III code.  A Category III CPT 
code is intended to facilitate data collection about quality of care by 
coding certain services and/or test results that support performance 
measures and that have been agreed upon as contributing to good 
patient care. 

Each CPT meeting is attended by AANEM staff and/or AANEM 
physician advisors.  The AANEM participates in this process by 
drafting language for new codes and commenting on codes that 
are proposed by other organization.  The AANEM has been very 
active in recent years on issues related to CPT.  The AANEM was 
able to add the list of nerves to the CPT book which delineates 
each nerve that can be reported as a nerve conduction study unit 
of service.  This was an important addition for the proper use of 
electrodiagnostic codes.

Over the previous year, the AANEM has been actively involved 
in coding advocacy with regards to automated nerve testing 
devices.   In February 2007, the AMA CPT coding panel decided 
to convene a workgroup to examine appropriate coding for au-
tomated nerve testing devices.  The AANEM participated along 
with other interested associations.  In February of 2008, the 
workgroup presented options for the CPT Editorial Panel to con-
sider.  A confidentiality agreement prevents the outcome of the 
meeting from being disclosed.  The AMA CPT panel is currently 
reconsidering this issue and will discuss it during their October 
2008 meeting.

Relative Value Scale Update Committee 

Once a Category I CPT code has been created, it must be valued.  
The AMA Relative Value Scale Update Committee (RUC) works 
to ensure that all services/procedures receive a fair and accurate 
valuation. The RUC makes annual recommendations to Centers 
for Medicare and Medicaid Services (CMS) on the relative 
values to be assigned to new or revised CPT codes.  Valuation 
is based on the resource-based relative value scale (RBRVS). In 
the RBRVS system, payments for services are determined by the 
resource costs needed to provide them. The cost of providing 
each service is divided into three components: physician work, 
practice expense and professional liability insurance. Payments 
are calculated by multiplying the combined costs of a service by a 
conversion factor (a monetary amount that is determined by the 
CMS. Payments are also adjusted for geographical differences in  
resource costs.

The RUC process involves three steps: surveys of practicing 
physicians by the specialty societies on the RUC Advisory 
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Committee; review of the survey results by small groups of 
physicians in each specialty; and review of specialty society 
recommendations by the full RUC. For each service being evalu-
ated, a specialty society surveys at least 30 physicians. Based 
on a vignette describing a typical patient and service for the 
CPT code, respondents are asked to assign work values to the 
services in comparison to a list of reference services, to identify 
the services that served as key reference services in their evalu-
ation, and to provide descriptive information about the time 
involved before, during, and after the service. A committee of 
the specialty evaluating the service reviews the surveys and other 
pertinent information and develops a recommendation to the 
RUC. The specialty society recommendations are discussed at 
a meeting of the full RUC.  The RUC’s recommendations are 
passed on to CMS.

As with CPT, AANEM staff and/or physician representatives 
attend the RUC meetings. The AANEM participates in the 
RUC surveys when codes are created or evaluated that are rel-
evant to AANEM members.  It is important when you receive 
a survey from the AANEM that you take the time to complete 
the survey. 

YOUR ROLE IN ADVOCATING FOR EDX MEDICINE

Join AANEM

AANEM membership is the first step in advocating for EDX 
medicine.  The AANEM focuses on EDX advocacy in a number of 
valuable ways including:

 
     EDX coverage policies

 
    seek to expand their scope to include EDX medicine

 
    of the Inspector General during investigations concerning  
    EDX providers

 
    practice of medicine

There are several ways that you can advocate for EDX medicine as 
an individual, including applying to become a State Liaison, report-
ing poor quality studies, notifying the AANEM if you learn of any 
unqualified provider seeking to expand their scope to include EDX  
medicine, and finally, donate to the AANEM Advocacy Fund.

 State Liaison Program

The State Liaison Program is the AANEM’s premiere training 
program in payor relations.  The program was developed to create 
a network of physicians charged to actively communicate concerns 
to payors regarding quality EDX medicine.  Liaisons attend a full-
day training event and learn about the importance of physician 
involvement in payor relations, discuss the reimbursement issues 
facing EDX medicine physicians,  become familiar with AANEM 
resources, and learn successful strategies for educating payors

Report Poor Quality Studies

Reporting poor quality studies is an important documentation 
mechanism and can have several positive results.  Reports should be 
submitted both to the board of medicine and the licensing board of 
the provider performing poor quality studies.  While some nonphysi-
cian boards endorse performance of neddle EMG, others have not 
yet taken a position or allow it with restrictions.  Informing nonphy-
sician boards of these practices may prompt a disciplinary action, 
and will inform them that physicians are paying attention to their 
practices and are taking this issue seriously.  Additionally, these com-
plaints can be important in the future when demonstrating a need 
for legislation or regulation. If you choose to submit a complaint to 
your state board of medicine, you will need to provide the board with 
a copy of the poor quality studies, a description of the problems with 
the studies, and ideally a quality study that you have performed to 
most clearly demonstrate the problem.  The AANEM requests that 
members also forward a copy of their complaint to the office.  The 
AANEM tracks complaints and may need to follow-up with you to 
learn of the outcome of your submitted complaint.

Inform the AANEM about Unqualified Providers Seeking 
to Expand Their Scope

The AANEM employs an external tracking system to identify leg-
islative bills or regulatory changes that may affect EDX medicine.  
The tracking system only identifies an issue when a bill is submit-
ted or a regulatory change is officially proposed with a comment 
period.  Frequently, members in the states are aware of discussion 
regarding proposed changes before they appear in the tracking 
system.  The AANEM relies on its members to inform the as-
sociation when discussion occurs about a new proposal.  It is also 
important to inform the AANEM if your state board of medicine 
is considering an issue or has received input from a nonphysician 
provider relating to EDX medicine.  As an example, the Ohio 
State Board of Medicine recently held a committee meeting in 
which a chiropractor sought clarification about the board’s pub-
lished opinion that needle EMG is the practice of medicine.  The 
AANEM learned of this meeting in advance and provided resources 
to members and Ohio State Medical Association staff attending the 
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meeting.  This demonstrates how the AANEM and it members can 
effectively work together.  Members need to be attentive to these 
types of situations.  When these discussions develop, it is important 
to engage the AANEM.

CONCLUSION

Advocating for your practice is essential.  It is important to un-
derstand the legislative process and the challenges it presents for 
physicians working to make the interpretation of NCSs and the 
performance and interpretation of needle EMG the practice of 
medicine.  The groups interested in expanding their scope are ag-
gressively working on this issue. Physicians need to become more 
engaged in this process.  The AANEM has made significant prog-
ress with payors.  More work, however will be needed to maintain 
this success and also to achieve greater success.

RESOURCES
http://www.carrickinstitute.org/CIScheduleAction.

asp?location=NeurologyAtSea  
http://www.leginfo.ca.gov/bil2lawd.html
http://www1.leg.wa.gov/WorkingwithLeg/bill2law.htm
http://www.infoplease.com/ipa/A0101183.html
http://en.wikipedia.org/wiki/Regulation
http://www.state.mn.us/portal/mn/jsp/home.do?agency=BMP
http://www.ama-assn.org/ama/pub/category/3882.html
http://www.ama-assn.org/ama/pub/category/16392.html
www.dacnb.org
http://www.apta.org/AM/Template.cfm?Section=Certification2&CON

TENTID=47281&TEMPLATE=/CM/ContentDisplay.cfm
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INTRODUCTION

Payor advocacy has become an increasingly necessary and useful 
tool for electrodiagnostic (EDX) physicians in recent years.  The 
number of EDX studies performed by nonphysicians and un-
trained physicians has grown,  creating a unique window of op-
portunity to work with payors in areas where physicians’ interests 
in quality patient care align with payors’ interests in efficiency 
and cost containment.  This manuscript will discuss some of the 
problem areas that are creating a need for payor advocacy, define 
what exactly is meant by payor advocacy, and provide instruction 
on what individual physicians can do to become effective advocates 
for their patients by working with payors.

THE NEED FOR ADVOCACY

Abuse and Fraud 

In the past decade, poor quality studies have eroded the reputation 
and value that EDX medicine has built over the past 50 years.  A 
surge in the misuse, abuse, and fraud in the billing of EDX codes 
has gained the attention of both private and public payors, includ-
ing Medicare.  Several lawsuits have been filed by both private and 
public payors to recover millions paid for fraudulent EDX studies.   
In 2003, State Farm Insurance Company filed a lawsuit alleging 
that a Florida company and a recruiter arranged “worthless and 
unnecessary electrodiagnostic studies” on auto accident victims at 

chiropractors' offices across the country. This racketeering lawsuit 
challenges more than 600 insurance claims filed in 40 states and 
is seeking more than $4.5-million in damages.  In 2006, Allstate 
Insurance Company filed a $1.8-million lawsuit against a Dallas-
based group of medical clinics alleging fraudulent billing practices 
for hundreds of automobile collision insurance claims, including 
nerve conduction studies (NCSs)  performed by a non-licensed 
healthcare provider. Insurance companies have not been the only 
entities to file suit against improper claim submission filed.  The 
State of Illinois brought suit against ZT Technical Services, Inc. and 
others in 2005, to recover $234 million dollars “in false claims for 
electrodiagnostic testing services to private insurers in Illinois and 
around the United States.”

Utilization by Untrained Physicians

Over the past 8 to 10 years, there has been a surge in the emergence 
of new and interesting technologies within the scope of EDX medi-
cine that have been marketed to physicians and other untrained in 
EDX medicine.  Claims filed by the family practice physicians for 
motor NCSs with F wave code (95903) and sensory NCS code 
(95904) increased from 2002 to 2006 by 290% and 157%, respec-
tively.  Internal Medicine physician claims filed from 2002 to 2006 
for motor NCS with F-wave code (95903) and sensory NCS code 
(95904) increased  by 568% and 250%, respectively.  General prac-
tice physicians filed claims from 2002 to 2006 for motor NCS with 
F-wave code (95903) and sensory NCS code (95904) increased by 
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469% and 358%, respectively.  Therefore, primary care physicians-
family practice, internal medicine, and general practice-claims of 
code 95903 increased more than 5-fold within a 5-year period. In 
fact, the number of claims for 95903 submitted by primary care 
physicians surpassed that of physical medicine and rehabilitation 
physician claims by 242.21% in 2006 (Figure 1). 

Scope of Practice Boundaries Bluring

There is a significant movement in the healthcare field towards 
the liberalization and expansion of the scope of practice of non-
physician providers.  There is a push away from physician training 
which includes the competitive application to a 4-year accredited 
medical school, followed by 3 to 7 years of post-medical gradu-
ate training residencies, not including fellowships.  There is also 
a push to allow nonphysicians to the practice of medicine (e.g., 
physician assistants, nurse practioners, and also nurses).  As an 
example, registered nurses are now earning PhDs to enable them 
to practice medicine.  This time of significant change in scope of 
practice boundaries has coincided with technological innovation.  
This blurring of boundaries has made it necessary to demonstrate 
appropriate standards of practice.  In the 2007 Harvard Business 
review, an article “Will Disruptive Innovations Cure Health Care?” 
Christensen and colleagues argue that, “we need diagnostic and 
therapeutic advances that allow nurse practitioners to treat diseases 
that used to require a physician’s care, for example, or primary care 
physicians to treat conditions that used to require a specialist.”  The 
article argues that much of specialty care can be handled “down 
market” by a primary healthcare provider.  It states, “the real reason 
for blocking such disruption, we suspect, is the predictable desire of 
physicians to preserve their traditional market hegemony.” In terms 
of EDX medicine, this conclusion is likely if one assumes testing 
by nonphysicians, unqualified physicians, or automated devices is 
equivalent to an EDX consultation by a trained EDX physicain.  
This "down market" trend has been occuring in EDX for several 
years, as demonstrated by the Medicare data highlighted in Figure 
1.  While many many payors comment in their policies about the 
importance of training in EDX, few require training as a condition 
of reimbursement.  The AANEM communicates with 1500 payors 
annually about the importance of training and education in EDX 
medicine to ensure quality patient care.  

The Quality Trend

There has been a trend to prove the value and worth of health 
services in recent years.  “Pay for performance” has become a 
common phase within medical policy.  Proving the value of spe-
cific healthcare services is now front and center in health care en-
vironments.  The public, payors, and the other fields of medicine 
must be informed of the standard of care in EDX medicine and 
how it is properly executed by recommended policies, practice 
guidelines, and consensus statements to show the norms of the 
field.  The unequivocal need for quality healthcare should be 
emphasized, as well as a need to be mindful of cost efficiencies 
and patient safety.  

As trained specialists, EDX physicians understand that testing 
is an extension of specialty training in history taking and 
physical examination.  After interpreting a particular set of 
signs and symptoms, training and experience serves as a guide 
in making the decision as to which nerve to study.  Instead of 
using EDX testing as a screening tool, professional training 
allows the physician to use the testing to provide the informa-
tion needed to make a diagnosis and develop an appropriate  
treatment plan.  

WHAT IS PAYOR ADVOCACY?

Advocacy, at the most basic level, is educating payors.  Physicians 
can educate payors about training, education, and practices that 
yield better outcomes.  In EDX medicine, physicians have a 
unique window of opportunity to work with payors in areas where 
our interests in quality patient care align with payors’ interests in 
efficiency and cost containment.  EDX physicians can use this 
opportunity to emphasize the effective diagnostic and treatment 
options available to patients when care is appropriately provided by 
those who are most qualified—specialists who dedicated significant 
portions of residency, and in many cases additional fellowships, to 
the diagnosis and treatment of neuromuscular disorders.  There are 
two components to educating payors: providing quality resources 
and building relationships.

Resources are one component when educating payors.  Documents 
supporting the value of high-level training in EDX medicine are 
available from the American Association of Neuromuscular & 
Electrodiagnostic Medicine (AANEM)  for members to utilize in 
their advocacy efforts.  The AANEM also provides resources on 
utilization that demonstrate the trends such as the Medicare data 
above.  Data such as this, in tandem with examples of other payors’ 
steps to address increased utilization, are very convincing tools for 
highlighting the importance of EDX studies performed by quali-
fied physicians.

Finally, part of advocacy is building relationships.  It can seem that 
insurance companies are large conglomerates with no possibility for 
personal interactions.  However, real, live people make decisions 
about benefits and medical policies.  They need assistance from 
experts in the field—the experts are you and I.  EDX physicians are 
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the experts in this area, with the resources, materials, and support 
of the AANEM behind them.  Physicians can identify the relevant 
decision makers from the payors they work with and cultivate rela-
tionships based on education and resources.  Once these relation-
ships are in place, offer to be a resource now and also in the future 
at times when they may seek additional advice.

PAYOR TERMS

To gain a better understanding of payors’ medical policies—
especially Medicare contractors—knowing a few phrases will  
be helpful.  

coverage is limited to items and services that are reasonable and 
necessary for the diagnosis or treatment of an illness or injury (and 
within the scope of a Medicare benefit category). NCDs are made 
through an evidence-based process, with opportunities for public 
participation. In the absence of a national coverage policy, an item 
or service may be covered at the discretion of the Medicare contrac-
tors based on a local coverage determination.

Medicare Admninstrative Contractor or a MAC (Part B) whether to 
cover a particular service on an intermediary-wide or contractor-wide 
basis (i.e., a determination as to whether the service is reasonable 
and necessary) in accordance with Medicare statutes. The difference 
between Local Medical Review Policies (LMRPs) and LCDs is that 
LCDs consist only of “reasonable and necessary” information, while 
LMRPs may also contain category or statutory provisions.

supplemental guidance for coding certain procedures or devices in 
separate coding articles.  These documents are generally referenced 
at the end of an LCD, so be sure to check at the end of the LCD 
for this important document.

use these terms to describe the policies that determine which ser-
vices will be paid and under what circumstances.  Some are more 
definitive than others by outlining specific ICD-9 codes, limiting 
coverage to certain types of providers, or precluding coverage for 
services provided with specific devices.

DOES PAYOR ADVOCACY MAKE A DIFFERENCE?

Payor advocacy absolutely makes a difference.  Several examples 
from the AANEM demonstrate that payor advocacy can make 
a difference.  One example is the knowledge already acquired in 
regarding Medicare and its limited resources.  Utilizing AANEM 
resources, I worked with TrailBlazer, the Medicare carrier in my 
state, to update its LCD to encourage the practice of quality EDX 
medicine. In November of 2006, TrailBlazer released an LCD 
that imposed limits on automated devices. Since that time, other 
Medicare policies have required that EDX studies be performed 

by neurologists and physical medicine and rehabilitation physi-
cians.  For example, First Coast’ LCD, the Medicare Carrier for 
Connecticut and Florida, included language originally adopted by 
National Heritage Insurance Company, the Medicare carrier for 
the state of California specifying that “Electrodiagnostic studies are 
covered when performed by providers of neurology or physiatry 
services, or other providers who have specialized training and exper-
tise in performing NCS and EMG.” Wisconsin Physician Services’ 
(WPS), the Medicare Carrier for Michigan, Minnesota, Illinois, 
Wisconsin , LCD for NCSs and electromyography (EMG) signifi-
cantly relies upon the AANEM’s Recommended Policy. The LCD 
stresses the importance of performing NCSs and EMG for “clinical 
diagnosis of peripheral nervous system disorders.” Other private 
payors have adopted similar language and have denied claims unless 
both a NCS and an EMG are performed. Still others now require 
that needle EMG and NCSs be performed together. Policies can 
be found on the AANEM website at http://www.aanem.org/practi-
ceIssues/reimbursementpolicies.cfm   

HOW TO BECOME AN ADVOCATE

Identify Target Insurers

The first step in approaching payor advocacy is to identify the 
target insurers.  Examine your own payor mix or the research 
which payors that have the greatest part of the market in your 
state to determine the top five payors and then target those com-
panies.  This information can also be found by contacting the 
AANEM or your state insurance commissioner.  After identify-
ing target payors, request and review EDX coverage policies from 
each of these insurance companies, and also share them with the 
AANEM.  Some companies, even large insurers, may not have 
EDX coverage policies that govern reimbursement.  This is an ex-
cellent opportunity to make sure that payors are paying for quality 
care.  When reviewing a coverage policy check to see if it includes  
the following:

Does the payor have an NCS policy?

Does the payor have an EMG policy?

Does the payor stress the importance of EDX training?

Does the payor have a quantitative sensory testing  
(QST) policy?

Does the payor have a policy for automated devices?

Does the payor reference AANEM resources?

Prepare to Educate

Spend time reviewing the relevant coverage policy looking for 
sections that encourage quality care and comply with AANEM 
policy.  Look for ways the document can be improved and revised 
to be comprehensive in its approach to EDX studies.  Also review 



above.  If you have questions about the program or are interested in 
becoming a liaison, contact the AANEM at 507-288-0100.

CONCLUSION

With scope of practice boundaries blurring and concerns about the 
quality of patient care, it is more important than ever that EDX 
physicians become payor advocates.  A unique opportunity exists 
to enhance the quality of care provided to patients with neuromus-
cular disorders by collaborating with payors.  To take advantage 
of that opportunity, physicians must communicate with payors 
and proactively suggest policies that assure quality patient care 
is provided.  Utilize the information here to get started, contact 
the AANEM to share information and if you have questions 
along the way.  Do your part to advocate for your patients and  
your profession.   
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AANEM policies that elaborate on the training and qualifications 
of EDX physicians.

Request a Meeting

After information on relevant policies is collected, reach out to the 
payor by requesting a meeting with the medical director or staff 
person in charge of medical policies.  Face-to-face interactions are 
preferable as they allow you—the expert—to answer questions and 
cultivate a relationship.  Research the person you will be meeting.  
Depending on that individual's medical specialty, the conversation 
and amount of education about electrodiagnostic medicine will vary.  
You should try to find out how long the individual has been with 
the company and if the individual has continued to actively practice 
medicine in addition to their administrative responsibilities.

In the Conference Room

Keep in mind that this issue is one of many the person is handling 
at that time.  Be direct and to the point, but be humble.  You are 
an expert in the field, but it is important to be respectful.  Remain  
cognizant that this issue may be new for the person you are speak-
ing to and keep an even-tempered disposition.  In this quest to 
advocate, it is also necessary to understand that we are trying to 
nEGOtiate.  This means one must leave their EGO at the door.  
Try to make a point of negotiating a “win-win” situation.   Finally, 
remember that it is a patient’s future health care that is dependent 
upon what is happening today.   The emphasis should always be 
placed on EDX quality and patient safety.   

Follow-up

Send a thank you and re-submit reference materials for review.  
Offer to serve as a resource on this issue, as well as future topics 
where your knowledge may be useful.  This type of relationship 
cultivation is invaluable in advocacy.  

STATE LIAISON PROGRAM

The AANEM has already developed a program to initiate payor ad-
vocacy in some states.  The State Liaison Program was designed to 
teach these principles to a core group of individuals who could then 
apply them in their home state.  Seventeen individuals have already 
progressed through the program and began the steps outlined 
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INTRODUCTION 

When evaluating patients with shoulder disorders, neuromuscular 
(NM) specialists must have a clear understanding of the anatomy, 
functional biomechanics, and orthopedic conditions of the shoul-
der. Because orthopedic disorders and NM disorders of the shoul-
der often have symptomatic overlap, it is important to distinguish 
these conditions from one another and recognize concomitant 
occurrence. Mechanisms of injury, particularly repetitive injury, are 
important in determining the diagnosis and treatment plan. 

ANATOMY

The joints of the shoulder consist of the sternoclavicular, acromio-
clavicular, glenohumeral, and scapulothoracic articulations. The first 
three joints are synovial, and the scapulothoracic “joint” is purely 
suspended in muscle. The glenohumeral joint is an inherently 
unstable joint due to the shallow glenoid fossa and the small area 
of contact with the humeral head. The glenoid labrum is a circular 
cartilage which deepens the glenoid articulation. During shoulder 
abduction, the scapulohumeral rhythm dictates that the ratio of 
glenohumeral to scapulothoracic motion is 2:1. The scapula and its 
glenoid process is suspended in muscle and actively “follows” the 
humeral head to maintain glenohumeral joint congruence.  

ROTATOR CUFF BIOMECHANICS

Medical school anatomy courses classically characterize muscle 
function in terms of origin and insertion as well as concentric 

(shortening) muscle contraction. Understanding injury biomechan-
ics, however, often requires a new look at muscle function.  Injury 
to musculoskeletal structures most often occurs when supporting 
or protective musculature strength has been overcome in eccentric  
(lengthening) muscle contraction, a process called eccentric over-
load.2 Additionally, injury biomechanics is best understood when 
the standard origins and insertions of muscles are reversed.

An analysis of  the function of the rotator cuff in throwing pro-
vides an example of injury biomechanics. Although there are four 
muscles comprising this cuff, the major muscles injured are the in-
fraspinatus and supraspinatus. It is well known that muscle strength 
is a function of its cross sectional area.4 If the rotator cuff is respon-
sible for generating force for throwing, it is woefully inadequate,  
based on the cross sectional area criteria alone.14 It appears that 
ground reaction forces, transformed by the body through the legs, 
hips, thighs, trunk, and pectoral muscles, are necessary to generate 
the tremendous rotational speeds at the shoulder.11 So then, what 
is the function of the rotator cuff?

Classically, the supraspinatus is described as an abductor, while the 
infraspinatus is described as an external rotator of the shoulder. In 
contra-distinction from this classical teaching, fine-wire electro-
myography analysis of the throwing motion has determined that 
the rotator cuff is most active in the deceleration phase of throw-
ing, that is, slowing the shoulder after the ball is released.9 After 
release of the ball, the shoulder moves in adduction and internal 
rotation (Figure 1), indicating that the function of the supraspina-
tus is to produce controlled slowing of the shoulder in adduction, 
and that the infraspinatus produces controlled slowing of internal 
rotation.8 
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Having established the decelerative and eccentric function of the 
rotator cuff in throwing, why is this structure so often injured? It is 
well understood that, given equal loads, tension generated within 
contracting muscle is greater in eccentric contraction as compared 
to concentric contraction,15 increasing its susceptibility to injury. 
When the eccentric muscle power of the rotator cuff is overcome 
due to improper strength or fatigue, there is uncontrolled decel-
eration of the shoulder joint, leaving the rotator cuff susceptible  
to injury.

Figure 1 At follow through, the pitcher’s throwing shoulder is adducted 
and internally rotated.

COMMON SHOULDER INJURIES

The Rotator Cuff

Terminology
The nomenclature for rotator cuff injury is fraught with overlap-
ping terminology, leading to confusion and misunderstanding. 
Terms such as shoulder strain or sprain, rotator cuff strain or 
sprain, rotator cuff tear, rotator cuff tendinitis, and rotator cuff 
tendinosis, subacromial bursitis, and impingement syndrome, are 
commonly and often interchangeably used to describe rotator cuff 
related injury.

In clinical use, the term strain or sprain is a descriptor that indicates 
that an injury has occurred to a musculotendinous structure, and is 
at best, an educated guess. This terminology is useful and appropri-
ate in acute injury, for example, on the athletic field when a physi-
cal examination may be limited by pain or swelling, and the use of 
definitive radiographic testing would be unreasonable. However, 
the use of this terminology in persistent or chronic shoulder pain 
does not lead to effective management and should be discouraged.

Impingement syndrome is a clinical term that leads to proper 
diagnosis and management of most subacute and chronic rotator 
cuff problems. It also leads to the question, impingement of 
what? The rotator outlet is bounded superiorly by the acromion 

and coraco-acromial ligament, and inferiorly by the humeral 
head. Between these boundaries lie the supraspinatus and in-
fraspinatus tendons and adjacent subacromial bursa, structures 
susceptible to impingement within of the rotator outlet (Figure 
2). Superior migration of the humeral head, associated with

Figure 2 Magnetic resonance imaging view of the shoulder in the sag-
gital plane. The rotator outlet is bordered superiorly by the coraco-acromial 
ligament (red line) and the acromion (A), and inferiorly by the humeral 
head (H). Note the supraspinatus and infraspinatus muscles (SS, IS) and 
tendons (sst, ist) within the outlet.

rotator cuff injury, leads to further injury to the structures within 
the rotator outlet. Any injury to the supraspinatus tendon includ-
ing a tear, tendinitis, or tendinosis will present with impingement 
syndrome, as will subacromial bursitis. For nonsurgical physicians, 
impingement syndrome is a most useful term, as the nonoperative 
treatment for all these conditions is similar.

The terms rotator cuff tear, tendinitis, tendinosis, and subacromial 
bursitis may be helpful in describing anatomic and physiologic 
properties of injury which may be amenable to different surgical 
treatments. That said, these terms are often used presumptively 
and interchangeably by surgeons and nonsurgeons. These descrip-
tors should be used only with radiographic confirmation or when 
proven by surgical pathology, as they lead to prognostic confusion 
when used without rigor. 

Diagnosis

Rotator cuff syndromes are characterized by shoulder pain and a 
limited ability to abduct the arm overhead. Inability to actively 
abduct the shoulder is associated with complete rotator cuff tears. For 
all other rotator cuff pathologies, shoulder range of motion is most 
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painful at about 90 degrees of abduction, but may be painful between 
45 and 120 degrees, known as the “painful arc”.10 Impingement signs 
including Neer’s13and Hawkins-Kennedy5 are positive. It is impos-
sible to distinguish partial rotator cuff tears, tendinitis, tendinosis 
and bursitis of the shoulder clinically as they present with similar  
findings upon examination. Rotator cuff pathology is also associated 
with deltoid tendinitis and radiation to the mid humerus, due to 
substitution of the deltoid for the impaired function of the supraspi-
natus in abduction. 

Weakness is noted in the rotator cuff muscles, especially the 
supraspinatus and infraspinatus. When associated with painful 
manual muscle testing, it may be assumed that rotator cuff weak-
ness is due to tendinopathy or bursitis. Proximal shoulder weak-
ness associated with rotator cuff disease may also be associated 
with pre-existing C5 or C6 radiculopathy or upper trunk brachial 
plexus injury and should be suspected particularly in athletes with 
a history of trauma. Repetitive throwing is also associated with ax-
illary or suprascapular nerve injury, which can mimic rotator cuff 
pain and should be suspected in recalcitrant shoulder pain. 

Trauma and Shoulder Instability
Acute trauma associated with potential shoulder dislocation may 
result in bony and cartilage injury to the glenohumeral joint. The vast 
majority of shoulder dislocations in sports occur with the shoulder 
in a position of abduction and external rotation (Figure 3). Shoulder 
trauma and instability is characterized by the mnemonic TUBS:12 
Trauma, Unidirectional instability, Bankart lesion, Surgery.  Trauma 
is often associated with unidirectional instability, primarily anterior.16 
The Bankart lesion1 describes a common bone lesion associated with 
trauma, caused by the disruption of the anterior labrum and anterior 
rim of the glenoid. This lesion allows the humeral head to sublux 
anteriorly out of the glenoid fossa.  Bankart lesions require surgical 
treatment for all active individuals to prevent recurrent dislocation. 

Figure 3 Shoulder dislocation is most likely when trauma occurs in  
abduction and external rotation.

The anatomic mechanism of acute shoulder trauma and glenohumeral 
dislocation is also associated with traumatic nerve injury. Nerve 

injury may emerge from traction or direct injury from a fracture of 
the humerus or clavicle. Labral tears are commonly associated with 
spinoglenoid cysts, leading to entrapment of the inferior branch of the 
suprascapular nerve, weakness of the infraspinatus, and dysfunction of 
the rotator cuff.17 Nerve injury should be highly suspected when there 
is numbness or the presence of profound weakness that is dispropor-
tional  to pain or mechanism of injury.  Sites of injury may include 
the nerve root, brachial plexus, or peripheral nerves such as the axillary 
nerve, suprascapular nerve, or the nerves controlling scapular motion 
including the long thoracic, dorsal scapular, or spinal accessory nerves. 
Injury of any of these sites may cause neurologically based shoulder 
dysfunction that potentially overlaps more obvious orthopedic inju-
ries and prolongs or prohibits  recovery. 

Imaging plays an important role in shoulder trauma.  Plain film ra-
diographs of the shoulder are obviously helpful in diagnosing fracture. 
A superiorly migrated humeral head, narrowing the rotator outlet, is 
associated with rotator cuff injury.3 Subtle findings on plain film are 
also helpful, particularly special views such as axillary or West Point 
views of the glenoid rim for Bankart lesions. After anterior dislocation 
and spontaneous relocation of the glenohumeral joint, the posterior 
humeral head may impact the glenoid and produce a typical bony 
defect of the posterior humeral head known as a Hill-Sachs lesion.7 
This lesion is clearly seen on internal rotation views of the shoulder.  
Computed tomography or magnetic resonance imaging  arthrogra-
phy can give exquisite detail of the internal structure of the shoulder, 
including integrity of the rotator cuff, glenoid labrum, biceps tendon, 
joint fluid collections and the presence of spinoglenoid cysts.

Examination maneuvers can elucidate signs of instability. A crude 
test of instability is the apprehension sign. This test recreates the 
experience of anterior dislocation by manipulating the shoulder into 
its most vulnerable position. The examiner stands behind the seated 
patient and passively abducts and externally rotates the affected 
shoulder, producing a sensation of fear of dislocation and reproduc-
ing pain in the shoulder.  

A more sophisticated and subtle test is the relocation-dislocation 
test.6  This test examines the integrity of the anterior labrum and 
anterior shoulder capsule. The patient is examined supine on a 
plinth to stabilize the scapula. The shoulder is abducted to 90 
degrees and, with care, externally rotated. The test indicates pos-
sible instability if there is pain and limitation of external rotation.  
Instability can be confirmed by the relocation maneuver whereby 
the examiner places posterior pressure on the humeral head, and 
the external rotation maneuver is repeated, resulting in improved 
external rotation with decreased pain. In subtle cases, instability 
can be confirmed by placing a pad or the examiners hand between 
the shoulder and the plinth and repeating the external rotation ma-
neuver, resulting in decreased external rotation and increased pain.   

OTHER SOURCES OF SHOULDER PAIN

Anterior Shoulder Pain

Common pain generators over the anterior shoulder include the 
bicipital tendon and the acromioclavicular joint. The proximal 
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bicipital tendons come off the long and short heads of the biceps 
brachii muscle. The tendon of the short head inserts on the cora-
coid process and is infrequently implicated as a pain generator. 
The tendon of the long head is large and easily palpable over the 
anterior humeral head. It is surrounded by a tendon sheath which is 
contiguous with the joint space and subject to tenosynovitis.  

The acromioclavicular joint is subject to osteoarthritis. It may 
become inflamed and painful as a primary source of shoulder pain. 
Hypertrophy of the inferior surface of the joint may also narrow the 
rotator outlet and cause rotator cuff impingement.

Scapular Muscle Dysfunction

Detection of scapular muscle dysfunction is of critical impor-
tance in the diagnosis of shoulder pain. Abnormal motion of the 
scapula and the glenoid may result in potential glenohumeral joint 
pain.  Scapular muscle dysfunction may be due to poor posture, 
glenohumeral pain, or periscapular nerve injury. Careful manual 
muscle testing and electrodiagnostic testing may be necessary to 
characterize the problem. The most common periscapular muscle 
dysfunctions involve the serratus anterior and the trapezius. As 
an example, traumatic injury to the spinal accessory nerve may 
occur during shoulder trauma, as they have the same mechanism. 
Resultant trapezius paralysis prohibits superior rotation of the 
scapula and glenoid fossa, limiting arm elevation in the coronal 
plane, causing premature maximization of glenohumeral abduc-
tion and leading to shoulder impingement syndrome. In this case, 
impingement syndrome may be occurring as a result of scapular 
paralysis, rotator cuff injury or both.

CONCLUSION

As most shoulder pain is a combination of biomechanical and 
neuromuscular dysfunctions, a basic knowledge of the anatomy, 
biomechanics, and diseases of the shoulder is necessary for proper 
diagnosis and management of shoulder conditions. A careful mus-
culoskeletal evaluation helps narrow the differential diagnosis and 
leads to effective management. 
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INTRODUCTION

Cervical radiculopathies are conditions involving a pathologi-
cal process that affects the spinal nerve root.  Commonly, this 
is a herniated nucleus pulposis that anatomically compresses a 
nerve root within the spinal canal.  Another common etiology 
for radiculopathy is spinal stenosis resulting from a combination 
of degenerative spondylosis, ligament hypertrophy, and spon-
dylolisthesis.  Inflammatory radiculitis is another pathophysi-
ological process that can cause radiculopathy.  However, other 
more ominous processes such as malignancy and infection can 
manifest the same symptoms and signs of radiculopathy.  These 
must be considered in the differential diagnosis and eliminated as  
possible causes.

The discussion below focuses on the clinical approach used  
in an electrodiagnostic (EDX) laboratory to evaluate a person 
with neck pain or upper limb symptoms, which are suggestive  
of radiculopathy.  The indications for referring a patient for  
EDX testing as well as the limitations of EDX testing will be 
addressed  to provide a greater understanding of this important 
diagnostic procedure.   

Given the large differential diagnosis for upper limb, neck, and 
shoulder symptoms, it is important for EDX physicians to develop 
a conceptual framework for evaluating these referrals with a stan-
dard focused history,  physical examination, and a tailored EDX 
approach.  Accurately identifying radiculopathy by EDX testing 
whenever possible provides valuable information that maximizes 
treatment and minimizes the use of other invasive and expensive 
diagnostic and therapeutic procedures. 

SPINE AND NERVE ROOT ANATOMY: DEVIATIONS FROM  
THE EXPECTED

From an EDX perspective, there are several specific anatomical 
issues that merit further discussion.  At all levels, the dorsal root 
ganglion (DRG) lies in the intervertebral foramen. This anatomi-
cal arrangement has implications for a  clinical electrodiagnosis of 
radiculopathy, namely that sensory nerve action potentials are pre-
served in most radiculopathies as the nerve root is affected proximal 
to the DRG.  

Regarding the cervical nerve roots and the brachial plexus, there 
are many anatomic variations.  Such variations were described 
in an anatomic study of 40 cadavers by Perneczky and Sunder-
Plassmann.16   In all cases, deviations from accepted cervical root 
and brachial plexus anatomy were found. Another study by Levin 
and colleagues, examined the pattern of abnormalities using needle 
electromyography (EMG) in 50 cases of surgically proven cervi-
cal root lesions.12  A range of needle EMG patterns was found 
with EMG demonstrating less specificity for the C6 root level, 
but more specificity and consistent patterns for C8, C7, and C5 
radiculopathies.  In those subjects with C6 radiculopathy, half of 
the patients showed results similar to those with C5 radiculopathy, 
whereas  the other half demonstrated C7 patterns.  This surgi-
cal group was more severely affected than patients who did not 
require surgical interventions. This pattern may not hold true for 
less symptomatic patients.  These findings underscore the limita-
tions of precise localization for root lesions by EMG.  The EDX 
physician should maintain an appreciation of these anatomic 
variations to better convey the level of certainty with respect to  
diagnostic conclusions.  
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PHYSICAL EXAMINATION

The EDX examination is an extension of the standard clinical exam-
ination.  The history and physical examination are vital initial steps 
in determining what conditions may be causing the patient’s symp-
toms.  Most radiculopathies present with symptoms in one limb. 
Multiple radiculopathies, as seen in cervical spinal stenosis, may 
cause symptoms in more than one limb. A focused neuromuscular 
examination that assesses muscle strength, reflexes, and sensation in 
both the affected limb and the contralateral limb is important, as it 
provides a conceptual framework for EDX assessment.

An algorithmic approach to utilizing the physical examina-
tion and symptom information to tailor the EDX evaluation is 
shown in Figure 1.  In this approach, the patient’s symptoms, 
and physical examination signs of sensory loss and weakness 
create a conceptual framework for approaching these potentially 
daunting problems.  Admittedly, there are  exceptions to this 
approach with considerable overlap in conditions which might 
fall within multiple categories.  Radiculopathies and entrapment 
neuropathies are examples of conditions that have  a variety of 
clinical presentations and physical examination findings, such 
that they are included in both focal symptom categories with 
and without sensory loss.   Conditions such as myopathies and 

polyneuropathies better fit this algorithmic approach given that 
symptoms and physical examination signs are more specific.  
Figure 1  contains musculoskeletal disorders and denotes their 
criteria of classification  into this conceptual framework.  The 
EDX physician  must be able to modify the EDX examina-
tion in response to nerve conduction studies (NCSs) and EMG 
findings and adjust the focus of the examination in light of  
new information.

For upper limb and neck symptoms, the differential diagnosis 
is large and includes brachial plexopathy (brachial neuritis), 
radiculopathy, shoulder impingement syndrome, lateral epi-
condylitis, deQuervains tenosynovitis, and medial and ulnar 
neuropathies.  An astute clinician can classify these conditions 
prior to the study, but musculoskeletal disorders can co-exist  
with radiculopathy.

Cannon and colleagues examined the ability of the physical ex-
amination and delineation of musculoskeletal disorders (myofascial 
pain, shoulder impingement, lateral epicondylitis, deQuervain’s 
tenosynovitis) to predict the outcomes of EDX testing (normal 
study, cervical radiculopathy, or another electrodiagnostically con-
firmed diagnosis.)4  The  prevalence of musculoskeletal disorders 

Figure 1  Algorithmic approach to structuring the electrodiagnostic examination based upon physical examination signs and the location of the patient’s 
symptoms. Focal symptoms refer to single limb symptoms whereas generalized symptoms are present when the patient complains of symptoms affecting more  
than one limb. (Modified from Dillingham TR. Electrodiagnostic approach to patients with suspected radiculopathy. Phys Med Rehabil Clin N Am 
2002;13:567-588, with permission.)



AANEM Course Shoulder Pain  7

was found to be 42% (Table 1).  The prevalence in those with a 
normal study was 69%, compared to 29% in those with cervical  
radiculopathy (p<0.0001), and 45% in those with another  
diagnosis (p=0.02).  Musculoskeletal disorders were common in  
patients with suspected cervicalradiculopathy.  While the prevalence 
of certain musculoskeletal disorders made the likelihood of having a 
normal EDX evaluation  significantly higher, the  prevalence among 
both patients with normal studies and those with radiculopathy 
and other disorders limited the usefulness of this information in  
accurately predicting the study outcome.  Therefore, the presence 
of musculoskeletal disorders should not preclude EDX testing 
when otherwise indicated.

Lauder and colleagues investigated the implications of symptoms 
and signs on EDX findings in the upper limb and neck10  If a 
reflex was lost or weakness was noted, the likelihood of  a cer-
vical radiculopathy being confirmed by EMG was many times 
greater.10  Combinations of findings, particularly weakness plus 
sensory loss or weakness plus reflex changes, resulted in a 9-fold 
greater likelihood of cervical radiculopathy and a 2 to 3 times 
greater likelihood of lumbosacral radiculopathy.4,10

GUIDLINES FOR RADICULOPATHY EVALUATION

The American Association of Neuromuscular and Electrodiagnostic 
Medicine (AANEM) guidelines recommend that for an optimal 
evaluation of a patient with suspected radiculopathy, a needle 
EMG screen of a sufficient number of muscles and at least one 
motor and one sensory NCS should be performed in the involved 
limb.1 The NCSs are necessary to exclude polyneuropathy.  An 
EMG study is considered diagnostic for a radiculopathy if EMG 
abnormalities are found in two or more muscles innervated by 
the same nerve root, and different peripheral nerves, yet muscles 

innervated by adjacent nerve roots are normal.22 This assumption 
holds true in the event  other generalized conditions, such as 
polyneuropathy, are not present.

An EMG study of bilateral limbs is often necessary, particularly 
if a single limb shows EMG findings suggestive of radiculopathy 
and if the patient has symptoms in both the studied and the con-
tralateral limb.  If bilateral limbs are involved,  the EDX physician  
should proceed by studying selected muscles in an upper limb (if 
the lower limbs are abnormal on EMG) or a lower limb (if both 
upper limbs are abnormal), to exclude a generalized process such 
as polyneuropathy or motor neuron disease.  Likewise, additional 
NCSs are appropriate in the exclusion of other suspected condi-
tions, and the EDX physician should maintain a low threshold for 
expanding the study.

In patients with upper limb symptoms suggestive of cervical 
radiculopathy, H reflexes and F waves are not useful in diagno-
sis but help exclude polyneuropathy as an underlying cause of 
symptoms.  One study by Miller and colleagues examined the  
H reflexes in the upper limb in a set of patients defined by a 
combination of clinical criteria (no imaging or EMG studies) 
as having definite or probable cervical radiculopathy.14  The  
H reflex for the flexor carpi radialis, the extensor carpi radialis, 
the abductor pollicis brevis, and the biceps brachii heteronymous 
reflex were tested. The later reflex was derived by stimulating 
the median nerve in the cubital fossa and recording over the 
biceps brachii muscle, averaging 40 to 100 trials.  These reflex 
studies had a 72% sensitivity overall for the group, with 100% 
for the subset of patients with definite cervical radiculopathy.  In  
contrast, needle EMG demonstrated 90% sensitivity for the 
definite group.  Although these findings suggest a possible role 
for these upper limb H reflexes, they are highly specialized, time 
consuming, and difficult to consistently elicit.  H reflexes may 
have a role in sensory radiculopathies where needle EMG will not 
be positive and imaging findings are equivocal.  Further studies 
are necessary to clarify whether the findings can be duplicated in 
other centers.14

F WAVES
F waves are late responses involving the motor axons and axonal 
pool at the spinal cord level.  They can be assessed and classified 
by using the minimal latency, mean latency, and chronodispersion 
or scatter.22 As in the case of H reflexes, F waves demonstrate low 
sensitivities and are not specific for radiculopathy, but are better 
utilized to screen for polyneuropathy. Published sensitivities in 
radiculopathies range from 13% to 69%, however, these studies 
suffer from many of the same shortcomings found in H-reflex 
studies.8,18,20 

MOTOR AND SENSORY NCSs

Standard motor and sensory NCSs are not helpful in identifying 
a cervical or lumbosacral radiculopathy, but should be performed 
to screen for polyneuropathy and to exclude common entrapment 
neuropathies if the patient’s symptoms could be explained by a 
focal entrapment. Based upon the anatomy of the dorsal root gan-

Musculoskeletal 
Disorder

Normal 
Study 
N=45

Cervical 
Radiculopathy 
N=99

Other 
Electrodiagnostic  
Diagnosis‡ N=47

Total 
Sample
N=191

Myofascial Pain 
Syndrome 
Shoulder 
Impingement
Lateral 
Epicondylitis
DeQuervain’s 
Tenosynovitis
One or more of 
the above

 
53% 

31% 

9% 

7% 

69%

 
17%* 

9%* 

9% 

2% 

29%*

 
19%* 

30%† 

11% 

0% 

45%

 
26% 

19% 

9% 

3% 

42%

Table 1  Prevalence of musculoskeletal disorders in patients 
with suspected cervical radiculopathy

*Significant at p<0.05 compared to normal study 
†Significant at p<0.05 compared to cervical radiculopathy 
‡ Other diagnoses included plexopathy, median neuropathy (carpal tunnel  
    syndrome), ulnar neuropathy, radial neuropathy, polyneuropathy.
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glion, sensory responses should be normal in most radiculopathies. 
If they are absent, another diagnosis such as polyneuropathy or 
plexopathy should be considered.

Plexopathies often pose a diagnostic challenge as they are similar to 
radiculopathies in symptoms and signs.  In order to distinguish bra-
chial plexopathy from cervical radiculopathy, sensory responses which 
are accessible in a limb should be tested.  In plexopathy, they are likely 
to be reduced in amplitude, whereas in radiculopathy they are gener-
ally normal.  The distal motor latencies and conduction velocities are 
usually preserved as they reflect the fastest conducting nerve fibers.22 

SOMATOSENSORY EVOKED POTENTIALS AND 
RELATED TESTS

A recent examination of literature by AANEM concluded that 
somatosensory evoked potentials (SEPs) may be useful for cervical 
spondylosis with cord compression.  Likewise, in lumbosacral spinal 
stenosis dermatomal somatasensory evoked potentials (DSEPs) 
may be useful in defining levels of deficits.1   These EDX tests are 
not necessary for persons with suspected radiculopathies, and their 
usefulness is limited to unique  circumstance.

Maertens de Noordhout and colleagues examined motor evoked 
potentials (MEP) and SEPs in 55 persons with unequivocal signs 
and symptoms of cervical spinal myelopathy.13 In this group, 
87% showed gait disturbances and 82% showed hyperreflexia.  
Magnetic resonance imaging (MRI) was not the diagnostic  
standard chosen, as it was the author's beliefs that MRI was prone to 
overdiagnosis. Instead,  metrizamide myelography was utilized and 
showed unequivocal signs of cervical cord compression for all of the  
patients.  Magnetic stimulation of the cortex was performed and 
the responses were measured with surface electrodes over limb 
muscles.  In these subjects, 89% demonstrated abnormalities in 
MEP to the first dorsal interosseus muscle and 93% had one MEP 
abnormality.  At least one SEP abnormality was noted in 73%. 

Another study by  Tavy and colleagues examined whether MEPs or 
SEPs assisted in identifying persons with radiological evidence of 
cervical cord compression, but who were without clinical markers 
for myelopathy.21  All patients in the study had clinical symptoms 
of cervical radiculopathy, but not myelopathy.  In this group, MEPs 
were normal in 92%, and SEPs were normal in 96%.  These inves-
tigators concluded that MEPs and SEPs are normal in most cases 
of persons with asymptomatic cervical stenosis.  This indicates that 
abnormal MEPs and SEPs are likely to be true positive findings and 
not false positives related to mild cord compression that does not 
cause symptoms.  It is important to remember that cervical spondy-
losis is a process that leads to  a continuum of problems including 
both radiculopathy and myelopathy.

SEPs, DSEPs, and MEPs are not necessary or recommended for 
the vast majority of patients who are referred for possible cervical 
or lumbosacral radiculopathy.1 They can be helpful if performed 
in  laboratories that specialize  in such testing with adequate normal 
values, and in  patients with clinical situations that can be clarified 
by such results.

NEEDLE EMG  

The need for EMG, particularly in relationship to imaging of the 
spine, has been recently highlighted.17   Needle EMG is particularly 
helpful because  false positive rates for MRI of the lumbar spine are 
high, with 27% of healthy subjects having a disc protrusion.7   The 
false positive rate for the MRI of the cervical spine is much lower 
with 19% of subjects demonstrating an abnormality, but with only 
10% showing a herniated or bulging disc.3  Radiculopathies can 
occur without structural findings on MRI, and likewise without 
EMG findings.  The EMG only evaluates motor axonal loss or 
motor axon conduction block. For these reasons, a radiculopathy 
affecting the sensory root will not yield abnormalities by EMG. If 
the rate of denervation is balanced by reinnervation in the muscle, 
spontaneous activity is less likely to occur and be identified with  
needle EMG. 

The sensitivity of EMG for cervical and lumbosacral radiculopa-
thies has been examined in a number of studies.  The results of 
some of these studies are tabulated in Table 2.  It also provides 
the list of   “gold standards” for diagnosis, against which these 
EMG findings were compared.  Studies using a clinical standard 
may reflect a less severe group, whereas those using a surgical 
confirmation may indicate a more severely involved group.  The 
sensitivity for EMG is unimpressive, ranging from 49% to 92% 
in these studies.  EMG is not a sensitive test, yet likely has higher 
specificity.  The issue of specificity and its value in electrodiag-
nosis was underscored in a study.17   In terms of screening tests, 
MRI is more effective in the identification of subtle structural 
abnormalities while EMG can be used in the assessment of clini-
cal relevance and in the exclusion of other disorders.

Table 2 Selected studies evaluating the sensitivity of 
electromyography (EMG) relative to various “gold standards” for 
diagnosis.  Unless otherwise stated the EMG parameters used 
in sensitivity calculations were fibrillation potentials. (Modified 
from Dillingham TR. Electrodiagnostic approach to patients 
with suspected radiculopathy. Phys Med Rehabil Clin N Am 
2002;13:567-588, with permission.)

STUDY 
CERVICAL 
RADICULOPATHY

SAMPLE 
SIZE

GOLD 
STANDARD

EMG 
SENSITIVITY

Berger 2 18 Clinical 61%
Partanen 15 77 Intraoperative 67%
Leblhuber 11 24 Clinical + 

myelogram
67%

So 19 14 Clinical 71%
Yiannikas 23 20 Clinical and/or 

radiographic
50%

Tackman 20 20 Clinical 95%
Hong 6 108 Clinical 51%

  a   Both fibrillations or large motor units (>8mV) were considered positive. 
  b   This study assessed EMG parameters and used quantitative EMG with a    
  unique grading scale not used in clinical practice. Fibrillations were infrequent.  
  This limits the generalizeability of this otherwise strong study.
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PARASPINAL MUSCLE EXAMINATION

With respect to paraspinal muscle assessment, the only relevant 
findings are fibrillations, positive sharp waves, complex repetitive 
discharges (CRDs), myokymia, or myotonia.   There are no nor-
mative values to which polyphasicity or motor unit morphology 
of cervical paraspinal muscles can be compared.  EDX physicians 
should not identify radiculopathies solely on the basis of paraspinal 
polyphasicity, reduced recruitment, or increased insertional activity.  
Paraspinal muscles should be considered either normal or positive 
if they have fibrillations, positive waves, or other activity (and 
therefore localize the lesion to the root level), or they do not.  spe-
cific discharges (e.g., CRDs, myokymia, or myotonia).  Care must 
be taken to have the patient relax these muscles to insure optimal 
evaluation of insertional and spontaneous activity.

Cervical paraspinal muscles should be examined for most patient 
evaluations for radiculopathy.  Recruitment pattern findings and 
motor unit action potential (MUAP) morphology for these muscles 
have not been established.  Paraspinal muscles either show spontane-
ous There is considerable overlap in paraspinal muscles with single 
roots innervating fibers above and below their anatomic levels.  
For this reason, the level of radiculopathy cannot be delineated by 
paraspinal EMG alone, but is based upon the root level that best 
explains the distribution of limb muscles with fibrillations.

IDENTIFICATION OF RADICULOPATHY
EDX testing is uncomfortable and expensive.  Because an EDX 
evaluation involves a composite assessment utilizing various tests, 
the fundamental question remains; “When has the point of dimin-
ishing returns been reached?”  Some radiculopathies cannot be con-
firmed by needle EMG, even though the signs and symptoms along 
with imaging results suggest that radiculopathy is the diagnosis.  A 
screening EMG study involves determining whether or not the ra-
diculopathy can be identified by EMG.  If the radiculopathy cannot 
be detected by a predetermined examination of a groups of muscles, 
then presumably no amount of additional muscles can identify the 
radiculopathy.  If a radiculopathy can be delineated by EMG, then 
the screen should identify this possibility with a high probability. 
The process of identification can be conceptualized as a conditional 
probability: given that a radiculopathy can be confirmed by needle 
EMG, what is the minimum number of muscles which must be ex-
amined in order to confidently recognize or exclude this possibility.  
This concept is fundamentally different from that of sensitivity.  It 
involves understanding and defining the limitations of a composite 
test based on testing each muscle of a group.

RADICULOPATHY SCREENSING: HOW MANY MUSCLES 
TO STUDY?

The concept of a screening EMG encompasses the identification 
of the possibility of an electrodiagnostically confirmable radicul-
opathy.  If one of the muscles in the screen is abnormal, the screen 
must be expanded to exclude other diagnoses and to fully delineate 
the radiculopathy level.  Because of the screening nature of the 
EMG examination, EDX physicians with experience should look 
for more subtle signs of denervation.  If signs are present in the 

screening muscles, then the study should be expanded to determine 
if these findings are limited to a single myotome or peripheral nerve 
distribution.  If they are limited to a single muscle,  the clinical 
significance of the findings is uncertain. 

THE CERVICAL RADICULOPATHY SCREEN

Dillingham and colleagues conducted a prospective multicenter 
study that evaluated H reflexes in patients referred to participat-
ing EDX laboratories with suspected cervical radiculopathy.5 In 
all patients studied, standard sets of muscles were examined by 
needle EMG.  Those with electrodiagnostically confirmed cervi-
cal radiculopathies, based upon EMG findings, were selected for 
analysis.  The EMG findings in this prospective study encompassed 
the following neuropathic findings: (a) positive sharp waves, (b)  
fibrillation potentials, (c) CRDs, (d) high-amplitude, long-dura-
tion MUAPs, (e) increased proportion of polyphasic MUAPs, or 
(f ) reduced recruitment of MUAPs.  There were 101 patients with 
electrodiagnostically confirmed cervical radiculopathies represent-
ing cervical root levels C5 to C8. When paraspinal muscles were 
one of the screening muscles, five muscle screens identified 90% 
to 98% of radiculopathies (Table 3), six muscle screens identi-
fied 94% to 99% (Table 4), and seven muscle screens identified 
96% to 100%. When paraspinal muscles were not part of the 
screen, eight distal limb muscles recognized 92% to 95% of 
radiculopathies.  Six muscle screenings, including paraspinal 
muscles, yielded consistently high identification rates. The 
study of additional muscles led to small marginal increases 
in identification.   Individual screens that were useful to the 
EDX physician are listed in Tables 3 and 4. In some instances, 
a particular muscle could not be studied due to wounds, skin 
grafts, dressings, or infections.   In such cases, the EDX physi-
cian could use an alternative muscle with similar innervations  
in the screen with equally high identification. These  
findings were consistent with those derived from a large  
retrospective study.9

 “To minimize harm, six in the leg and six in the arm”

LIMITATIONS OF THE EMG SCREEN

If one of the six muscles studied in the screen is positive, there is the 
possibility of electrodiagnostically confirming that a radiculopathy 
is present.  In this case, the examiner must study additional muscles 
to determine the radiculopathy level and to exclude a mononeu-
ropathy.  If these findings are  only in a single muscle, they remain 
inconclusive and of uncertain clinical relevance.  If it is determined 
that none of the six muscles are abnormal, the examiner can be 
confident of not missing the opportunity to confirm that a radicu-
lopathy is present, and  the painful needle EMG examination can 
be curtailed.  The patient may still have a radiculopathy of mild 
degree (affecting only a few axons or sensory nerve roots), but 
other tests such as MRI will be necessary to confirm this clinical 
suspicion (Figure 2). 

These cervical muscle screens are not intended to substitute for a 
clinical evaluation and differential diagnosis formulation by the 
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EDX physician.  Rather, information from these investigations 
allows the EDX physician  to streamline the EMG evaluation and 
make more informed clinical decisions regarding the probability of 
missing an electrodiagnostically confirmable radiculopathy when 
a given set of muscles are studied.  Performing a focused history 
and physical examination is essential.  These screens should not 
supplant such clinical assessments or a more detailed EDX study 
when circumstances dictate considerations of diagnoses other  
than radiculopathy. 

It is important to remember that the EMG screens for cervical  
radiculopathies were validated in a group of patients with limb symp-
toms suggestive of radiculopathies.  These screens will not provide 

sufficient screening power if a brachial plexopathy is present or if 
a focal mononeuropathy such as a suprascapular neuropathy is the 
cause of the patient’s symptoms.  The EDX physician  should always 
perform EMG on weak muscles to increase the diagnostic yield.  
These are not  sufficient screens for myopathies or MN disease.  It 
is incumbent upon the EDX physician  to formulate a differential 
diagnosis and methodically evaluate for other diagnostic possibili-
ties when clinically indicated. Structuring the examination as data 
are acquired is an important aspect of EDX medicine and one that 
distinguishes such consultations from other diagnostic tests. 

Implications of an EMG-Confirmed Radiculopathy

It is important that the EDX physician not forget that needle EMG 
does not indicate the exact cause of the symptoms, only that axonal 
loss is taking place.  A spinal tumor, herniated disc, bony spinal 
stenosis, chemical radiculitis, or severe spondylolisthesis can all 
yield the same EMG findings.  This underscores the need to image 

Table 4 Six muscle screen identifications of the patients with 
cervical radiculopathies.  Muscle abbreviations, identification 
criteria, and definitions are described in Table 2.

MUSCLE SCREEN       NEUROPATHIC     SPONTANEOUS ACTIVITY

Without Paraspinals

deltoid, APB,FCU,  93%       66% 
triceps, PT, FCR
biceps, triceps, FCU  87%       55% 
EDC, FCR, FDI
deltoid, triceps  89%      64% 
EDC, FDI, FCR, PT
biceps, triceps, EDC  94%     64% 
PT, APB, FCU

With Paraspinals

deltoid, triceps, PT  99%     83% 
APB, EDC, PSM
biceps, triceps, EDC  96%     75% 
FDI, FCU, PSM
deltoid, EDC, FDI  94%     77% 
PSM, FCU, triceps
biceps, FCR, APB  98%     79% 
PT, PSM, triceps

APB = abductor pollicis brevis; FCU = flexor carpi ulnaris; FCR = flexor carpi 
radialis, PSM = cervical paraspinal muscles; FDI = first dorsal interosseous; 
PT = pronator teres; and EDC = extensor digitorum communis.  (Adapted from 
Dillingham TR, Lauder TD, Andary M, et al. Identification of cervical radiculopa-
thies: optimizing the electromyographic screen. Am J Phys Med Rehabil 2001; 
80(2):84-91 with permission) 

MUSCLE SCREEN           NEUROPATHIC         SPONTANEOUS ACTIVITY

Without Paraspinals

deltoid, APB,FCU           92%          65% 
triceps, PT 
biceps, triceps           85%          54% 
EDC, FCR, FDI
deltoid,triceps            84%           58% 
EDC, FDI, FCR
biceps, triceps            91%            60% 
PT, APB,FCU

With Paraspinals

deltoid,triceps, PT             98%                        80% 
APB,PSM
biceps, triceps,EDC              95%             73% 
FDI, PSM
deltoid,EDC,FDI              90%             73% 
PSM, FCU
biceps,FCR,APB               95%                       77% 
PT, PSM

APB = abductor pollicis brevis; CRD = complex repetitive discharges; FCU = flexor 
carpi ulnaris; FCR = flexor carpi radialis; PSM = cervical paraspinal muscles; FDI = 
first dorsal interosseous; PT = pronator teres; and EDC = extensor digitorum com-
munis.  Adapted from Dillingham TR, Lauder TD, Andary M, et al. Identification of 
cervical radiculopathies: optimizing the electromyographic screen. Am J Phys Med 
Rehabil 2001; 80(2):84-91 with permission)

Table 3 Five muscle screen identifications of patients with cervical 
radiculopathies. The screen detected the patient with cervical 
radiculopathy if any muscle in the screen was one of the muscles that 
were abnormal for that patient.  Neuropathic findings for non-paraspinal 
muscles included positive waves, fibrillations, increased polyphasic 
potentials, neuropathic recruitment, increased insertional activity, 
CRDs, or large amplitude long duration motor unit action potentials. 
For paraspinal muscles the neuropathic category included fibrillations, 
increased insertional activity, positive waves, or CRDs.  Spontaneous 
activity referred only to fibrillations or positive sharp waves.
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the spine with MRI (including gadolinium) to assess significant 
structural causes of electrodiagnostically confirmed nerve dysfunc-
tion.  A negative EMG test should not curtail obtaining an MRI if 
clinical suspicion for radiculopathy is high. Given the low sensitivi-
ties of needle EMG, it is not an optimal screening test, but rather 
a confirmatory test.

SUMMARY

EDX testing for cervical radiculopathies and the expected sensitivi-
ties that different testing modalities provide are of utmost impor-
tance.  However,  the clinical evaluation and differential diagnosis 
formulation by the EDX physician to guide testing play an invalu-
able role in the diagnostic process.   Musculoskeletal disorders are 
quite common and frequently co-exist with entrapment neuropa-
thies and cervical radiculopathy.  The needle EMG examination 
is the most useful single EDX test, but is limited in sensitivity.  
EMG screening examinations using six muscles optimize identifica-
tion, yet minimize patient discomfort. NCSs and F waves are not 
particularly helpful in confirming radiculopathy.  They are useful, 
however, in  excluding polyneuropathy or mononeuropathy. EDX 
physician s should understand the strengths and limitations of 
EDX testing in order to effectively use this important diagnostic 
tool when evaluating patients with suspected radiculopathy.

Figure 2   Implications of a positive or negative electromyography (EMG) screening evaluation. Note that a positive result will usually warrant further EMG 
testing to fully define the pathology, and a negative test could lead to nerve conduction or other testing to consider other diagnoses. PSM = paraspinal muscles;  
MRI = magnetic resonance imaging; SNRB = selective nerve root block. (Modified from Dillingham TR. Electrodiagnostic approach to patients with  
suspected radiculopathy. Phys Med Rehabil Clin N Am 2002;13:567-588, with permission.)
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INTRODUCTION

Neuralgic amyotrophy (NA) is a common disorder of the periph-
eral nervous system (PNS) that is frequently encountered in neuro-
muscular clinics.  It typically presents with the severe, sudden onset 
of shoulder pain that is followed shortly thereafter by weakness and 
wasting of various forequarter muscles (i.e., those of the shoulder 
girdle and upper extremity).  In the majority of patients, an associ-
ated antecedent event or trigger can be identified.  Despite signifi-
cant variation in any one of these three clinical features that include 
antecedent event, shoulder pain, and forequarter muscle weakness 
and wasting (including absence), their occurrence in this sequence 
is quite distinctive.  Among NA patients, this temporal relationship 
is preserved.  Thus, the pain never precedes the antecedent event 
and the weakness never occurs before the pain or the antecedent 
event.  The clinical and electrodiagnostic (EDX) features of NA 
will be reviewed.

LESION LOCALIZATION

Although most textbooks discuss NA alongside various brachial 
plexus (BP) disorders, it infrequently involves this structure.  
Rather, it much more commonly has a multiple mononeuropathy 
distribution.  Because of its predilection for motor nerve fibers, 
it frequently involves individual peripheral nerves that are solely 
or predominantly motor nerves.  As a result, NA has a tendency 
to involve peripheral nerves whose fibers either emanate from or 
traverse the upper plexus (i.e., the upper trunk and the C5 and 
C6 roots) of the BP, such as the long thoracic, suprascapular, axil-
lary, musculocutaneous, and anterior interosseous nerves.  Because 
these nerves innervate proximal forequarter muscles, involvement 
of more than one of them produces a phenotype that resembles 
that of an upper trunk lesion.  Careful clinical and EDX assess-
ments usually differentiate between these two possibilities.   The 

motor nerve fiber predilection also favors lesions involving motor 
nerve branches to individual muscles, such as the infraspinatus, 
brachialis, anconeus, pronator teres, flexor carpi radialis, and flexor 
pollicis longus.

HISTORICAL FEATURES

The large number of antecedent events and the variations in lesion 
distribution generated a large number of names for this entity, 
many of which suggest an inaccurate pathology or a restricted 
localization.  In the 1800s, cases of NA were termed serratus 
paralysis (when they were restricted to the long thoracic nerve) 
and postinfectious paralysis (when they followed an infectious 
disorder).  Cases of NA were also included among the serogenic 
and vaccinogenic neuropathies when they followed serum therapy 
or vaccination, respectively.7  Other terms applied to this disorder 
that suggest an underlying etiology or restricted localization include 
acute brachial neuropathy, acute brachial plexitis, brachial neuritis, 
serratus magnus palsy, and shoulder girdle neuritis.  The term 
Parsonage Turner syndrome acknowledges the original authors for 
recognizing that these and other diseases were the same disorder, 
without suggesting an underlying etiology or localization.5  This is 
also true of the term neuralgic amyotrophy, which has the added 
advantage of identifying the two most notable clinical features of 
NA, pain and muscle wasting.  

EPIDEMIOLOGY

NA has an estimated annual incidence of 1.64 per 100,000, and 
although individuals of almost any age can be affected, it is more 
prevalent among young to middle-aged adult males.2,6  It most 
commonly affects a single limb, more frequently the dominant 
one.7  In a series by the author and colleagues of 281 patients, 
the average age was 41.4 years, 28.8% (81 of 281) of patients 
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were female, 82.3% involved a single upper extremity (UE), 60%  
involved the dominant UE, 11.7% experienced more than 1 bout, 
and an associated trigger was identified in 73%.  When both 
UEs are involved, the onset typically is sequential rather than  
simultaneous.

Pathogenesis and Pathophysiology

Both familial and nonfamilial forms of NA have been described.  
The familial form is due to a genetic mutation that is inherited 
in an autosomal dominant manner, thus accounting for its equal 
gender distribution.  This form is much less common (< 3% of 
cases), more likely to be recurrent, and is associated with dysmor-
phic features, such as hypertelorism, a high-arched palate, and 
syndactyly.8  

The nonfamilial form is subdivided into epidemic and sporadic 
types.1,9  The sporadic form is the primary focus of this review.  
Although the sporadic form is of unknown etiology, most experts 
consider it to represent an autoimmune condition, as suggested by 
a frequent history of a trigger.  The clinical and EDX features of 
NA usually reflect an axon loss process, although demyelination-
induced conduction block does infrequently occur. 

CLINICAL FEATURES

Despite a wide range of variation among individual clinical fea-
tures, most bouts of NA are distinctive and composed of three 
sequential events:  an antecedent event (the trigger), severe shoulder 
region pain, and forequarter muscle weakness and wasting.  Each of 
these elements is discussed below.

Antecedent Event

An antecedent event is identified in about half of patients.5,6  In  
this  series, an antecedent event was recognized in 73% of patients.  
This higher incidence likely reflects the use of a questionnaire that 
included a review of known triggers.  These triggers, which include 
surgical procedures, medical procedures (e.g., lumbar puncture, 
routine antecubital blood draw), neuroimaging studies requir-
ing intravenous contrast, intravenous therapy, childbirth, unac-
customed strenuous activity, infection, dental procedures, minor 
trauma, and innumerable others, show varying degrees of invasive-
ness.7 The most common antecedent event reported in the United 
States was a flu-like illness.  The most frequently identified triggers 
in the authors' series was a medical procedure (29.1%), followed by 
a flu-like illness (24.5%), and excessive or unaccustomed activity 
(17.3%).  The time period between the antecedent event and the 
onset of clinical symptoms (i.e., pain) has not been strictly defined, 
but is likely less than 4 weeks.  

Pain

The majority of patients present with sudden onset of pain that 
typically either awakens them from sleep or is present upon awak-
ening.  Due to its severity, most patients seek immediate medical 

attention.  The pain is usually most pronounced at the lateral aspect 
of the shoulder or in the periscapular area and typically maximizes 
within a few hours and then remains at that intensity for up to 2 
weeks.  It then either resolves or is replaced by a duller aching sensa-
tion.  Much less frequently, the pain is mild to moderate in degree 
or, rarely, is absent.  However, in the absence of pain, the possibility 
exists that the “sudden” recognition of focal weakness and wasting 
actually represents a previously unrecognized bout of painful NA, 
especially if the patient recounts a previous bout of severe shoulder 
pain.  The duration of the pain also varies.  Although involvement 
of the lateral aspect of the shoulder and of the periscapular region 
is most common, other regions also may be involved.  The latter 
appear to reflect the particular peripheral nerve involved.  For 
example, patients often note pain along the superolateral aspect 
of the chest wall with long thoracic nerve involvement, along the 
dorsal aspect of the scapula with suprascapular nerve involvement, 
along the lateral aspect of the arm or forearm with musculocutane-
ous nerve involvement, and in the region of the antecubital fossa 
with anterior interosseous nerve involvement.  The pain usually is 
exacerbated by shoulder or UE movement and, as a result, patients 
tend to hold the symptomatic limb against their torso.  In this 
series of NA patients, 92.1% noted pain at onset.  Of those patients 
without pain, all had experienced similar bouts with pain.

Weakness and Wasting

Muscle weakness and wasting follow the antecedent event, and 
typically, also follow the onset of the pain.  In the authors' series, 
weakness was noted in 98.4%.  Of those patients without weak-
ness, all had suffered previous bouts with weakness.  Whether 
muscle weakness and wasting follows the pain or whether it 
occurs concomitant with the pain and is unrecognized due to 
pain-related immobility is unclear.  In general, the majority of 
patients recognize the weakness within 2 weeks of the onset of 
the pain, usually when the pain diminishes to the point that 
permits the patient to resume some UE activities.  When the force 
required to perform these activities exceeds the force generating 
ability of the involved muscles, the weakness becomes apparent.  
Thus, more severe lesions are expected to manifest earlier, but 
may go unrecognized when synergistic muscles are spared (e.g., 
severe involvement of the brachialis muscle with sparing of the 
biceps), or when the atrophied muscle cannot be visualized (e.g., 
supraspinatus muscle atrophy may be masked by the overlying 
trapezius muscle), or the clinical manifestations of the affected 
nerve are not visible (e.g., winging related to long thoracic nerve 
involvement goes unnoticed due to clothing and its posterior 
location).  

The distribution of the weakness and wasting reflects the particu-
lar nerves involved.  Since NA has a predilection for pure or pre-
dominantly motor nerves, the more commonly involved nerves 
include the long thoracic, suprascapular, axillary, musculocuta-
neous, and anterior interosseous nerves, as well as motor nerve 
branches to individual muscles, such as the flexor carpi radialis, 
pronator teres, anconeus, brachialis, and flexor pollicis longus.  
Less commonly, brachial plexus elements or extraplexal nerves 
(e.g., laryngeal, spinal accessory, or phrenic) are involved.  Among 
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patients in this study who presented with weakness restricted to 
a single nerve distribution, the long thoracic nerve was the most 
commonly involved nerve, whereas the suprascapular nerve was 
the most commonly affected nerve among patients with involve-
ment in multiple nerve distributions.  Sensory loss is uncommon 
because of the predilection for motor nerve fiber involvement.  
When it is present, it is usually in the cutaneous distribution of 
the axillary nerve or the musculocutaneous nerve.  Muscle stretch 
reflexes may be affected when the nerves subserving them are 
significantly involved (e.g., biceps reflex with musculocutaneous 
nerve involvement).  Constitutional symptoms (e.g., fever) are 
unexpected.   

DIFFERENTIAL DIAGNOSIS

The term neuralgic amyotrophy (NA) reflects the two most 
important clinical features of this disorder—pain and muscle 
atrophy.  Thus, the abrupt onset of severe shoulder pain in a 
young person who subsequently develops weakness and muscle 
wasting, especially in the setting of a recognized trigger, has a 
relatively limited differential diagnosis.  Conversely, with more 
atypical presentations, the differential diagnosis can be quite 
lengthy.  When NA patients present to emergency departments 
complaining of sudden onset, severe, isolated shoulder region 
pain, orthopedic disorders frequently are considered (e.g., acro-
mioclavicular joint dislocations, rotator cuff tears, calcific ten-
donitis, adhesive capsulitis, and other shoulder joint disorders).  
The latter are differentiated by their normal sensory and motor 
examinations, although pain may limit strength testing.  Another 
challenge occurs when the time between the antecedent event 
and the onset of the shoulder pain is short.  Since traumatic and 
iatrogenic nerve injuries typically are recognized by their temporal 
relationship to symptom onset, whenever the antecedent event 
of a bout of NA is a traumatic event or a medical procedure and 
it follows the antecedent event by just a few days, the bout of 
NA may be mistakenly attributed to the trauma or the medical 
procedure.  The subsequent appearance of muscle weakness and 
wasting may be assumed to have been previously present but 
unrecognized.  Post-traumatic disorders presenting in a delayed 
fashion (e.g., compartment syndrome) must be considered.  In 
the setting of painless NA, amyotrophic lateral sclerosis (ALS) 
or tomaculous neuropathy also known as hereditary neuropathy 
with liability to pressure palsy (HNPP) are included in the differ-
ential diagnosis.  These disorders usually are easily differentiated 
from NA.  With ALS, upper motor neuron features, a myotomal 
distribution of weakness, and fasciculation potentials are inconsis-
tent with NA.  With HNPP, although there is a multiple monon-
europathy distribution of weakness, the lesions occur at common 
sites of entrapment, involve the UEs and lower extremities (i.e., 
median nerve at the wrist; ulnar nerve at the elbow segment; 
peroneal nerve at the fibular head), show a demyelinating con-
duction block pathophysiology, and are often associated with an 
autosomal dominant pattern of inheritance.  Rucksack palsy is a 
supraclavicular brachial plexus injury that usually is painless, in-
volves either the upper trunk or the upper and middle trunks, and 
is more commonly associated with a demyelinating conduction 

block pathophysiology.  Intravenous heroin usage may produce a 
painless brachial plexopathy.3  

When only a single nerve is involved, NA may be mistaken for an 
entrapment neuropathy.  This is especially true when NA is re-
stricted to the suprascapular nerve.  In this setting, the associated 
periscapular pain and suprascapular nerve restricted weakness can 
easily be mistaken for a suprascapular nerve entrapment at the 
suprascapular notch.  Since the pain associated with neuralgic 
amyotrophy typically lasts 7 to 10 days, surgical intervention 
would be “successful.”  This may account for the fact that in this 
series of 281 NA patients, although the suprascapular nerve was 
the most frequently involved nerve among those patients with 
multiple nerve involvement, it did not represent the majority of  
mononeuropathies.

Although cervical radiculopathies may also present with periscap-
ular, supraclavicular, or shoulder pain, the pain usually is most 
pronounced at the neck, is radiating in nature, and is exacerbated 
by neck movement and activities that increase the intraspinal 
canal pressure (e.g., sneezing; coughing; defecation).  In addi-
tion, the motor deficits have a myotomal distribution and the 
sensory deficits have a dermatomal distribution.  Conversely, 
with NA, the pain typically is most pronounced at the shoul-
der level, is nonradiating in nature, and is exacerbated by UE 
movement.  Moreover, the motor deficits (and when present, 
the sensory deficits) are in a nerve distribution.  The predispo-
sition of NA for motor nerve fibers can cause it to resemble a  
BP lesion.  

ELECTRODIAGNOSTIC ASSESSMENT

The EDX examination is the most useful diagnostic study avail-
able for the assessment of NA.  Typically, it identifies the distri-
bution of the abnormalities (e.g., mononeuropathy or multiple 
mononeuropathy), estimates their acuteness, and characterizes 
each of the individual lesions (e.g., location, pathophysiology, 
severity).  This information not only is of diagnostic and prog-
nostic significance, but also helps dictate clinical management.  
The EDX study components including sensory and motor nerve 
conduction studies (NCSs) and needle electrode examination 
(NEE) are performed.  The sensory NCSs are especially helpful 
in discriminating BP lesions (e.g., upper plexus) from lesions in-
volving multiple nerves derived from the upper plexus portion of 
the BP, such as the suprascapular, musculocutaneous, and axillary 
nerves.  Typically, with upper plexus lesions, the lateral antebra-
chial cutaneous (LABC) and Med-D1 (median nerve, recording 
thumb) sensory NCS responses are abnormally low in amplitude 
or absent, whereas with a multiple mononeuropathy involving the 
suprascapular, musculocutaneous, and axillary nerves, for example, 
only the LABC response is affected.4  Frequently, however, in the 
setting of NA, the LABC response is spared.  This likely reflects 
involvement of the musculocutaneous nerve distal to the take off 
site of the LABC branch.  The BP elements assessed by these two 
sensory NCSs, as well as the other five sensory NCSs commonly 
employed in BP assessment, are shown in Figures 1 through 
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7.4  Whether the motor NCS responses are abnormal depends 
on whether there is a reliable study to assess the involved motor 
nerve fibers, whether the lesion is severe enough to produce 
an abnormal motor response, and the timing of the study.  In 
the acute setting, approximately 50% of the motor nerve fibers 
must be affected before the motor response becomes abnormal.  
Acutely, the NEE is the most sensitive component for iden-
tifying motor axon disruption, a reflection of the magnifica-
tion effect of the innervation ratio.  This sensitivity of NEE,  
as well as the large number of forequarter muscles assessable  
via NEE, helps determine the true distribution of the disor-
der.  With more severe lesions, neurogenic recruitment (dis-
cordance between temporal and spatial recruitment) is also 
present.  Following successful collateral sprouting, compound  
muscle action potentials (CMAP) normalization, decreased  
fibrillation potential density, and features of chronic motor axon  
loss (e.g., increased motor unit action potential duration)  
appear.  Because NA has a predilection for pure or predominantly 
motor nerves, the NEE should incorporate muscles innervated  
by the long thoracic, suprascapular, axillary, musculocutane-

ous, anterior interosseous, and posterior interosseous nerves, 
as well as any atrophic muscles.  Consequently, the serratus  
anterior and several shoulder girdle muscles are added to the  
routine UE screen.  When appropriately applied, the EDX  
examination identifies the distribution of the disorder (i.e., 
mononeuropathyor multiple mononeuropathy) and char-
acterizes the lesion with regard to its pathophysiology  
(usually axon loss), timing (e.g., acute, subacute, chronic), and 
severity (complete; incomplete).  

MANAGEMENT

The abrupt onset of severe, focal pain often prompts surgical 
intervention.  Consequently, one of the most important early 
management issues is disease recognition as well as patient 
and provider education to avoid unnecessary surgery.  Initial 
management should focus on the associated pain, and the pre-
vention of complications related to immobility.  Many experts 
employ a short course of corticosteroids for pain control.   

Figure 3 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the superficial radial sensory nerve conduction studies.  
(From, Ferrante MA, Wilbourn AJ. The utility of various sensory nerve 
conduction responses in assessing brachial plexopathies. Muscle Nerve 
1995;18:879-889.)

Figure 4 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the Med-D2 (median sensory nerve conduction studies, 
recording digit 2).  (From, Ferrante MA, Wilbourn AJ. The utility of various 
sensory nerve conduction responses in assessing brachial plexopathies. 
Muscle Nerve 1995;18:879-889.)

Figure 1 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the lateral antebrachial cutaneous sensory nerve con-
duction studies.  (Ferrante MA, Wilbourn AJ. The utility of various sensory 
nerve conduction responses in assessing brachial plexopathies. Muscle 
Nerve 1995;18:879-889.)

Figure 2 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the Med-D1 (median sensory nerve conduction studies, 
recording digit 1).  (From, Ferrante MA, Wilbourn AJ. The utility of various 
sensory nerve conduction responses in assessing brachial plexopathies. 
Muscle Nerve 1995;18:879-889.)
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A chronic neuropathic pain agent usually is simultaneously 
started (e.g., gabapentin).  During the first 7 to 10 days, when 
the pain is most intense, narcotics may be required for break-
through pain.  Physical therapy should be started as soon as 
possible, including agonist muscle strengthening and range of  
motion exercises.  

PROGNOSIS AND FUTURE PERSPECTIVE

Unlike the pain, which tends to be short lived, the weakness  
and wasting is more long lasting and in general, dictates the 
degree of limitation.  If reinnervation does not follow muscle fiber  
denervation, the denervated muscle fibers degenerate; this 
usually occurs within 20 to 24 months.  Reinnervation occurs 
via two mechanisms which are axonal regrowth and collateral 
sprouting.  Axonal regrowth proceeds at roughly 1 inch per 
month and thus, when the distance between the lesion and the 
denervated muscle fibers exceeds 20 to 24 inches, this mecha-
nism of reinnervation is ineffective.  Fortunately, the predilection 
of NA for pure or predominantly motor nerves favors proximal 
muscle involvement and a shorter distance of required axonal 
regrowth.  The second mechanism of muscle fiber reinnerva-
tion is collateral sprouting.  Since collateral sprouting occurs 
via the unaffected motor axons, the major constraint on rein-
nervation via this mechanism is lesion completeness.  Thus, col-
lateral sprouting cannot occur in the setting of complete nerve 
lesions.  Thus, the poor prognosis is observed when the lesion 
is more complete and lies more distant from the denervated 
muscle fibers, whereas incomplete lesions in close proximity 
to the denervated muscle fibers are associated with a better  
prognosis.  Each nerve involved should be considered in  
this manner.

CONCLUDING REMARKS

Despite its prevalence, NA continues to be a relatively unknown 
disorder to many neurosurgeons, orthopedists, neurologists, 
physiatrists, and sports medicine physicians.  When NA follows 
a medical procedure and is unrecognized, the temporal relation-

ship between the procedure and the onset of NA may lead to 
the erroneous conclusion that the clinical features of NA are 
iatrogenic in origin.  Thus, the surgeon may be blamed when 
NA follows an intervention performed in the vicinity of the NA 
lesion, or when the surgical intervention occurred outside this 
area, the anesthesiologist may be blamed for improper position-
ing.  Consequently, it is imperative that healthcare workers be 
familiar with this entity, especially EDX consultants, surgeons, 
and anesthesiologists.  

EDX CASE STUDIES OF NA AND OTHER DISORDERS

After NA was recognized as a single disorder with a predilection 
to affect proximal forequarter muscles, most relevant reports 
localized it to the BP, typically to the upper trunk.  However, 
this localization, at least in the author’s experience, is infre-
quent.  Although the abnormal muscles identified do belong 
to the muscle domain of the upper plexus, the pattern of EDX 
abnormalities is more consistent with a multiple mononeu-
ropathy, as the following cases illustrates.  In the following EDX 
teaching cases, the amplitude values of the sensory and motor 
NCS responses are shown.  The latency and velocity values were 
normal and, to simplify, the exercises were omitted. The data for 
all the cases below will be presented using the following steps  
and terms:

•  Any values enclosed by parentheses reflect those recorded from 
the contralateral, asymptomatic side

•  NR = no response.
•  The routine UE screening sensory NCS for the author’s EMG 

laboratory (i.e., median, recording second digit [Med-
D2], radial [superficial radial, recording dorsolateral aspect 
of hand], and ulnar, recording fifth digit [Uln-D5]) are 
discussed first, followed by a discussion of any additional 
sensory NCS (as would actually occur during the EDX  
examination).  

•  This is followed by the findings and discussion for the 
routine (median, recording abductor pollicis brevis 
[Median-APB] and Ulnar-abductor digiti minimi [Ulnar-

Figure 5 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the Med-D3 (median sensory Nerve Conduction Studies, 
recording digit 3).  (Ferrante MA, Wilbourn AJ. The utility of various 
sensory nerve conduction responses in assessing brachial plexopathies. 
Muscle Nerve 1995;18:879-889.)

Figure 6 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the Uln-D5 (ulnar sensory nerve conduction studies,  
recording digit 5).  (Ferrante MA, Wilbourn AJ. The utility of various 
sensory nerve conduction responses in assessing brachial plexopathies. 
Muscle Nerve 1995;18:879-889.) 
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ADM, ulnar, recording hypothenar eminence]) and added  
motor NCS.  

•  A discussion of the NEE findings and final commentary 
follows. 

•  The BP elements assessed by the sensory nerve fibers subserv-
ing the sensory NCS applied in these exercises are shown in 
Figures 1 through 6; Figure 7 is also included.4

Discussion: The low-amplitude radial response localizes  
the lesion to the radial nerve, the posterior cord, or the  
upper or middle plexus because the sensory nerve fibers  
subserving this response emanate from the C6 DRG  
(60%) or the C7 dorsal root ganglion (DRG) (40%).  The normal 
Med-D2 argues against a middle plexus localization, since the 
fibers subserving this response traverse the middle plexus about 
80% of the time.  The normal Uln-D5 response does not further 
define the differential diagnosis.  Thus, additional studies  
were added.  The absent LABC response narrows the  
differential diagnosis to the C6 elements of the upper plexus  
because the sensory nerve fibers subserving this response  
emanate from the C6 DRG about 100% of the time.   
The Med-D1 response also supports this localization because  
the sensory nerve fibers subserving it also emanate from the  

C6 dorsal root ganglion DRG about 100% of the time.  
Consequently, the pattern of sensory response abnormalities  
indicates a lesion involving the C6 elements of the upper plexus 
(i.e., the upper trunk, C6 anterior primary rami [APR], C6  
mixed spinal nerve [MSN], or C6 DRG).  Sparing of the Med-D2 
response does not argue against this localization because its  
sensory nerve fibers only originate from the C6 DRG about 20%  
of the time; they usually originate from the C7 DRG about 80% 
of the time.  Likewise, the normal Med-D3 response does  
not argue against this lesion localization because its sensory 
fibers originate from the C6 DRG only about 10% of the 
time; they originate from the C7 DRG about 70% of the time, 
and from the C8 DRG about 20% of the time.  The Uln-D5 
response assesses sensory nerve fibers emanating from the  
C8 DRG.  Its normalcy supports the differential diagnosis.  Thus, 
the lesion involves the upper trunk, the C6 APR, or the C6 DRG  
(i.e., the C6 ganglionic and postganglionic elements of the  
upper plexus).  

Discussion:  As indicated by the sensory NCS, the routine 
motor responses were normal.  Involvement of the axillary and 
musculocutaneous responses indicates an upper plexus process.   
Their severity indicates that the lesion must involve both the  
C5 and C6 motor nerve fibers, thereby excluding a C6 DRG  
localization (since the latter would not involve motor nerve fibers).  
Thus, at this point, the NCSs indicate that the lesion involves  
the C6 sensory and the C5 and C6 motor nerve fiber elements of  
the upper plexus (i.e., the upper trunk, C5 and C6 APR, or the C5  
and C6 MSN).

Discussion:  The abnormal muscles belong to the muscle 
domain of the upper trunk.  Sparing of the serratus ante-
rior and rhomboideus major muscles argues against a C5, 
C6 MSN, or APR localization.  Since the suprascapular 
nerve is given off near the origin of the upper trunk, upper 
trunk lesions often spare the suprascapular nerve-innervated 
muscles.  Thus, the most likely localization for this lesion is the  
upper trunk.

Motor NCS Abnormal Normal
Axillary (deltoid)
Musculocutaneous (biceps)
Ulnar-ADM
Median-APB

0.2; (5.5)
NR; (6.0)

8.5; (9.0)
7.5; (7.0)

Figure 7 The brachial plexus elements assessed by the sensory nerve 
fibers subserving the medial antebrachial cutaneous sensory nerve con-
duction studies.  (Ferrante MA, Wilbourn AJ. The utility of various sensory 
nerve conduction responses in assessing brachial plexopathies. Muscle 
Nerve 1995;18:879-889.)

NEE Results Abnormal Muscles Normal Muscles
Deltoid, biceps, 
pronator teres, flexor  
carpi radialis, triceps, 
and brachioradialis.

Serratus anterior, rhomboideus 
major, infraspinatus, flexor 
pollicis longus, extensor 
indicis proprius, first dorsal 
interosseous, abductor 
pollicis brevis, and the middle 
and lower cervical paraspinal 
muscles

Sensory NCS Abnormal Normal
Med-D2
Radial
Uln-D5
LABC 
Med-D1
Med-D3

8; (23)

NR; (14)
NR; (16)

19; (25)

16; (14)

26; (22)

Case 1. Traumatic Upper Plexus Lesion

Referral:  A 64-year-old male fell on an icy sidewalk with resultant 
right upper extremity pain and weakness.



Motor NCS Abnormal Normal
Axillary (deltoid)
Musculocutaneous (biceps)
Ulnar-ADM
Median-APB

0.2; (5.5)
NR; (6.0)

8.5; (9.0)
7.5; (7.0)
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Case 2. Neuralgic Amyotrophy 

Referral:  A 34-year-old male was referred to the EDX labora-
tory for evaluation of right UE weakness and wasting following 
a fall from a scaffold 4 feet above the ground.  According to the 
patient, he fell from the scaffold and landed on his back.  He 
brushed himself off, climbed back onto the scaffold, and contin-
ued working.  Two days later, he awoke with severe shoulder pain 
and went to the local emergency department.  The pain persisted 
for approximately 2 weeks and was replaced by a dull ache that 
lasted for nearly 3 months.  At the 2 week mark, when the pain 
had lessened enough for the patient to begin to use his right UE, 
he noted forearm flexor weakness.  He was referred to the EDX 
laboratory for assessment by his workers’ compensation liaison.  
Interestingly enough, he was accused of malingering because of 
the temporal relationship between the fall and the onset of his 
symptoms.

Discussion:  The screening sensory responses were normal.  
The absent LABC response is consistent with lesions involving 
the LABC nerve, musculocutaneous nerve, lateral cord, upper 
trunk, or distal C6 root (DRG/MSN/APR) elements.  Sparing 
of the Med-D1 response argues strongly against a lateral cord, 
upper trunk, or distal C6 root localization because its fibers  
traverse these structures about 100% of the time.  Consequently, 
it would be unlikely for a lesion to render the LABC response 
unelicitable while completely sparing the Med-D1 response.  
At this point, an LABC or musculocutaneous neuropathy is  
most likely.  

Discussion:  As expected from the sensory NCS find-
ings, the routine motor responses were normal.  The absent  
axillary response indicates axillary nerve involvement.  The 
normal radial sensory response argues against a posterior cord 
process.  The normal Med-D1 response argues against an 
upper plexus localization.  Thus, the NCS findings support 
multiple mononeuropathies involving at least the musculo-
cutaneous and axillary nerves.  The degree of motor response 
abnormality argues against an upper plexus lesion sparing the  
Med-D1

Discussion:  Involvement of the serratus anterior muscle indicates 
long thoracic nerve involvement.  The pattern of involvement  
of the spinati muscles (infraspinatus severely involved, supraspi-
natus spared) suggests a partial suprascapular nerve lesion,  
or more likely, a lesion involving the motor branch to infraspi-
natus muscle.  The other abnormal muscles belong to the muscle 
domains of the axillary and musculocutaneous nerves.  Although 
all of the abnormal muscles belong to the upper trunk muscle 
domain, this localization makes much less sense.  First, the sensory 
NCS findings essentially exclude this localization.  Second, focal 
axon loss lesions involving PNS elements containing both sensory 
and motor nerve fibers typically affect the sensory responses out 
of proportion to the motor responses.  Third, the brachioradia-
lis, rhomboideus major, triceps, and pronator teres, muscles that  
are innervated by motor nerve fibers traversing the upper plexus, 
but not via any of the affected peripheral nerves—are spared.  Thus, 
the EDX examination indicates a multiple mononeuropathy involv-
ing the long thoracic, suprascapular (likely, the motor branch to the 
infraspinatus muscle), axillary, and musculocutaneous nerves.

Case 3. Suprascapular Neuropathy Secondary to a  
Ganglion Cyst

Referral:  A 45-year-old male was referred for EDX assessment 
of shoulder aching and infraspinatus muscle atrophy.  The pain 
had been fairly constant for several months.  The patient’s wife 
had recently recognized the muscle atrophy.

Discussion:  The routine screening sensory NCS were normal, 
as were the additional studies (added to better assess the upper 
plexus).  Therefore, the infraspinatus muscle atrophy is unlikely 
related to an upper plexus process.  For this reason, a suprascapu-
lar neuropathy or an intraspinal canal process involving the C5 
or C6 nerve roots seems more likely.

Motor NCS  Abnormal       Normal
Ulnar-ADM         11.3; (12.0)
Median-APB         9.4; (8.6)
Axillary (deltoid)  NR; (19.5)
Musculocutaneous  1.5; (12.1)

NEE Results Abnormal Muscles Normal Muscles
Serratus anterior, 
infraspinatus, deltoid, 
teres minor, biceps, 
and brachialis.

Trapezius, rhomboideus 
major, supraspinatus, triceps, 
brachioradialis, pronator teres, 
flexor pollicis longus, extensor 
indicis proprius, first dorsal 
interosseous, middle and lower 
cervical paraspinal muscles

Sensory NCS  Abnormal  Normal
Med-D2     36; (31)
Radial     32
Uln-D5     18
LABC     14; (16)
Med-D1     21

Sensory NCS Abnormal Normal
Med-D2
Radial 
Uln-D5

LABC
Med-D1
Med-D3

.

NR; (18)

35; (42)
31; (34)
21; (19)

25; (26)
40; (33)

Motor NCS   Abnormal  Normal
Ulnar-ADM     9.2
Median-APB     7.1
Suprascapular (infraspinatus)  3.1; (7.8)
Axillary (deltoid)     17
Musculocutaneous (biceps)    14
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Discussion:  The routine motor NCS were normal.  The abnor-
mal suprascapular response, when considered with the normal 
axillary and musculocutaneous responses, indicates a suprascapu-
lar neuropathy, consistent with the differential diagnosis gener-
ated by the sensory NCS.

Discussion:  The NEE abnormalities were confined to the 
muscle domain of the suprascapular nerve.  The abnormalities 
were much more pronounced in the infraspinatus muscle than 
the supraspinatus muscle.  Although these muscles belong to 
the muscle domain of the upper plexus, the lack of involvement 
of other muscles contained within this domain argues against 
such a localization.  Based on the EDX findings, a magnetic 
resonance imaging (MRI) of the shoulder region was ordered.  It 
identified a mass in the suprascapular notch, which was surgi-
cally removed and identified as a ganglion cyst.  Intraoperatively, 
it was noted that the motor nerve branch to the supraspina-
tus muscle was displaced, but not compressed, by the mass, 
whereas the motor nerve branch to the infraspinatus muscle was  
quite compressed.

Case 4. Neuralgic Amyotrophy

Referral:  A 32-year-old male was referred for EDX evaluation 
of shoulder pain and infraspinatus muscle atrophy.  The pain 
involved the lateral aspect of the shoulder, but was most pro-
nounced along the medial aspect of the scapula.  The patient, 
a construction worker who had been working double shifts for 
the preceding 2 weeks, awoke with the pain and immediately 
reported to the emergency department.  The pain persisted for 
approximately 12 days and was replaced by a dull ache.  He  
denied weakness.  

Discussion:  The screening sensory NCSs were normal, as were 
the added studies.  Thus, there was no electrical evidence that the 
infraspinatus muscle atrophy is related to an upper plexopathy.  
The differential diagnosis includes a suprascapular neuropathy or 
a preganglionic lesion involving the C5 or C6 roots.

Discussion:  The abnormal suprascapular response supports a 
suprascapular neuropathy.  The degree of involvement is incon-
sistent with an isolated C5 or C6 ischemic lesion.  Although both 
levels (i.e., C5 and C6) could be involved, the normal axillary and 
musculocutaneous responses argue against this possibility.  Thus, 
the most likely explanation is a suprascapular neuropathy.

Discussion:  The NEE abnormalities are confined to the infraspi-
natus muscle, consistent with a partial suprascapular neuropathy 
involving solely the motor axons innervating the infraspinatus 
muscle, or a lesion involving the motor nerve branch to the 
infraspinatus muscle.  However, suprascapular notch lesions in-
volving only the motor axons to the infraspinatus muscle are not 
uncommon.  Consequently, MRI and ultrasound imaging studies 
of the shoulder were obtained, both of which were normal.  Based 
on the characteristics of the pain (sudden onset; maximum at 
onset; present upon awakening; severe in degree; 12 day dura-
tion), the distribution of the weakness (motor nerve branch to 
the infraspinatus muscle), the history of overexertion (a known 
NA trigger), and the normal imaging studies, a diagnosis of NA 
was given.  It is easy to realize that had this patient undergone an 
emergent suprascapular notch release for a presumed suprascapu-
lar notch entrapment of the suprascapular nerve, the procedure 
would have been “successful.”  This may explain why the supras-
capular nerve lesions dominate among the multifocal NA cases, 
but not among those restricted to a single site.  
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INTRODUCTION

The electrodiagnostic (EDX) medicine physician may be asked  
to assist in the clarification in a number of clinical problems 
that involve peripheral nerves that originate in the shoulder area  
or have impact on it.   These problems include isolated peripheral 
nerve lesions and the resulting altered shoulder mechanics, brachial 
lesions of various etiologies, cervical radiculopathies, and neuro-
muscular disorders that present as shoulder problems.

Thoracic outlet syndrome (TOS) and isolated proximal monon-
europathies of the upper extremity are two groups of disorders 
that occur at or near the shoulder.   The anatomy of the structures 
involved, clinical presentations, some of the presumed etiologies, 
and comments regarding EDX evaluation of the specific entities 
will be described.

THORACIC OUTLET SYNDROME

TOS is described as a group of clinical symptoms that result  
from the involvement of the neurovascular structures of the  
proximal upper extremity.9,14  There continues to be consider-
able disagreement as to what should or should not be included 
under TOS.  The syndrome is usually classified into broad groups 
based on the structures involved.2,6,10,13,15  This includes vascular 
(artery or vein), neurogenic, or a combined form (vascular and 
nerve elements).  The neurogenic form is further divided into 
“true” and “non-specific” forms.1  It is around this latter group 
that the controversy exists.  With the true neurogenic form  
of TOS, there is objective clinical and EDX evidence of nerve  
abnormality (generally the C8, T1, or inferior trunk of the brachial 
plexus). In the nonspecific form, the clinical symptoms are protean, 
usually involve pain, and there is little to no objective evidence 

of peripheral nerve involvement on examination or during EDX 
testing.9,13,14,15 

Anatomy of the Thoracic Outlet

An anatomic review of the thoracic outlet, prior to discussing 
the clinical presentation of each types of TOS, may be helpful  
in understanding the different symptom presentation.  The  
thoracic outlet is the space through which the elements of the 
brachial plexus and the subclavian artery and vein pass from 
the neck to the axilla.  This space is usually described as having 
three potential areas of narrowing:  the scalene triangle, the  
costoclavicular triangle, and the subcoracoid space.  The symp-
toms vary depending upon the structure that is compressed 
as it passes through the narrow space.6,15  A fourth area of 
narrowing, the superior thoracic outlet, can also involve the 
neurovascular elements.7  Progressing from midline to distal, 
the four areas occur in the following order: the superior tho-
racic outlet, the scalene triangle, the costoclavicular triangle, 
and the subcoracoid space.  If neural element compression 
is to occur, it is most likely to happen in the second of these  
four areas.

The superior thoracic outlet is bounded by the manubrium  
of the sternum anteriorly, the first rib laterally, and the T1  
and T2 vertebrae.  The subclavian artery and vein exiting the thorax 
pass up and over the anterior portion of the first rib where, due  
to its inferior inclination, it is at its lowest height.  The infe-
rior elements of the brachial plexus (C8 – T1 ventral roots) 
pass medial to lateral over the first rib.  Lesions in the apex of 
the lung, thyroid tumors, conditions which elevate the first rib 
(chronic obstructive pulmonary disease, muscle contracture, etc.), 
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a cervical rib or band, or post-fixed plexus can result in stretch 
or impingement of the neurovascular structures as they pass over  
the first rib.

The scalene triangle is the next area of possible compression  
of the neurovascular structures as they pass to the arm.  This  
area is thought to be the most common site of compression in 
TOS.  The scalene triangle is bordered anteriorly by the anterior 
scalene muscle, posteriorly by the middle scalene muscle, and  
inferiorly by the first rib.  The bordered space between these 
three structures is a narrow slit through which all of the ele-
ments of the brachial plexus and the subclavian artery pass.  The 
subclavian vein passes anterior to the scalene triangle, and thus is 
not at risk for entrapment within this space.  The elements of the 
brachial plexus passing through this space may either be the five 
ventral roots forming the plexus (C5 – T1), or the three trunks 
of the plexus (upper, middle and lower) at or near the level of the 
first rib.  The upper elements of the plexus are found in the most  
superior portion of the triangle and the C8 – T1 roots  
or inferior trunk usually pass directly over the rib.  The presence  
of a cervical rib and band can raise the base of this triangle,  
shortening its height stretching the inferior trunk (or lower roots), 
and the artery.  Numerous congenital anatomic variations have 
been described and are believed to reduce the size of the triangle,  
resulting in impingement on the nerves or artery passing 
through.8 The symptoms are thought to be dependent 
upon where the space in the triangle is most constricted. In  
addition to the cervical rib and band, other causes of constricture 
or stretching include extended insertions of the scalene muscles 
on the first rib (narrowing the anterior to posterior dimension of 
the space), presence of an anomalous scalene minimus muscle, 
and fibrous bands attached to the first rib in many different  
locations.  Posture is also believed to play a role in impingement in this 
area, particularly provocative maneuvers which place a stretch on the  
neurovascular structures.

The costoclavicular triangle is enclosed by the sternum ante-
riorly and laterally, and the first rib posteriorly and medially.  
The neurovascular elements retain the same orientation from  
the more proximal spaces as they pass through this area.  The  
costoclavicular space or interval can be thought of as a jaw with the 
pivot point at the sternoclavicular joint, allowing opening and closing 
of the space. The space is opened with elevation and protraction  
of the clavicle (and shoulder) and it is narrowed with depression  
and retraction (e.g., such as when wearing a heavy backpack),  
increasing the likelihood of compression of the neurovascular  
structures within this space.  The upper trunk of the plexus  
is located closer to the clavicle, and the inferior trunk remains 
adjacent to the first rib.  Fractures of the clavicle or first rib with 
exuberant callus have been implicated as a cause of compression in 
this area of the outlet.  Posture and repetitive stressful arm position 
(e.g., overhead work, athletes) have also been implicated as a cause 
of  TOS at this area.

The final space where constriction may occur as the nerves  
and vessels pass from the neck to the axilla is at the subcoracoid 
space.  This space is described by the coracoid process of the scapula  

superiorly and the tendon of the pectoralis minor muscle  
anteriorly as it inserts on the tip of the coracoid process.  The  
neurovascular bundle, as it passes under the coracoid, is encased  
in a dense connective tissue.  The elements of the brachial plexus 
are now at the level of the cords.  The coracoid process functions 
as a pulley around which the neurovascular bundle is pulled  
asthe arm is abducted and externally rotated at the shoulder, placing  
a stretch on the elements of the neurovascular bundle, particu-
larly the lower trunk of the plexus.  A significant fall in which  
one lands on an abducted and externally rotated arm is often  
a contributing mechanism to a tramatic lower trunk brachial  
plexus injury. The tendon of the pectoralis minor prevents the  
neurovascular bundle from displacing over the coracoid process.  
Repetitive abduction and external rotation of the arm, anoma-
lous insertion of the pectoralis minor tendon on the coracoid, 
and local trauma and fractures of the coracoid or scapula, can 
result in restriction of this space and result in compression and 
patient symptoms.  Vascular involvement in this area seems more 
common than nerve involvement in patients without a history  
of trauma.

Thoracic Outlet Syndrome – Vascular

Vascular TOS includes patients with involvement of the  
subclavian artery or vein.  Patients with arterial TOS usually 
present with symptoms of digital ischemia, pallor, cold extremity, 
claudication, paresthesias, and pain.  They may present with signs 
of embolization, which may result from a mural thrombus in an 
aneurysm at or near the stenosis or from just distal to the stenotic 
artery.  The arterial form of the syndrome is believed to be the most 
rare of the presentations as it occurs in only about 1% of most large 
clinical series of TOS patients.  The venous form of the syndrome  
is usually suggested by the presence of swelling of the upper  ex-
tremity, cyanosis, or paresthesias in the fingers or hand that is 
thought to be caused by localized swelling.  If pain is present, 
it typically is described as an aching sensation. Distension of 
the superficial veins of the shoulder and chest wall may be seen.  
This venous form of the syndrome has been associated with 
frequent, forceful, overhead upper extremity use in young indi-
viduals, or so-called effort induced TOS (Paget-Schoetter syn-
drome).  Venous thoracic outlet represents about 3% to 5% of  
TOS cases.

Thoracic Outlet Syndrome – Neurogenic

Neurogenic TOS represents 90% to 95% of the reported  
cases of   TOS.  There is significant controversy regarding the diagnosis  
of TOS, particularly this neurogenic subgroup.  As a result,  
neurogenic TOS is classified into two distinct types: “true”  
or “classic”, and “nonspecific”. The literature on this topic  
can be confusing.  Some authors when presenting their data do 
not distinguish whether their patients have “true” or “no-specific” 
TOS.  Others lump both types together viewing “tue” and “non-
specific” groups as a continuum of symptoms of a single entity.  
Finally there is a group of authors who very clearly define the 
two subgroups as distinct and separate diagnoses. Space precludes 
discussion of this debate.
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Classic TOS has most commonly been associated with an extended 
C7 transverse process, cervical rib and band, or other deformity 
in the first two of the thoracic outlet spaces, results in the stretch-
ing or compression of the fibers of the C8 – T1 ventral roots or  
the inferior trunk of the brachial plexus.  These patients present  
with symptoms and physical findings of a lower trunk brachial  
plexopathy on examination and EDX studies.  Often a Gilliatt-
Sumner hand can be seen in this group demonstrating significant 
atrophy and weakness of the median thenar muscles and, to a lesser 
extent, atrophy and weakness of the ulnar innervated muscles.4  
The atrophy and weakness is often unnoticed by the patient and 
may be noticed by a family member or acquaintance.  There  
is diminished sensation along the medial border of the forearm  
and the ulnar aspect of the hand not splitting the fourth (ring) 
finger.  Typically, pain is not a common complaint in this group.  
Nerve conduction studies (NCSs) demonstrate reduced medial 
antebrachial cutaneous and ulnar sensory response amplitudes, 
usually with normal latencies.14,15  The median motor response 
amplitude is reduced with normal distal latency.  The ulnar motor 
response amplitude may be low or reduced, depending on the 
degree of atrophy and weakness.  Needle electromyography (EMG) 
changes are limited to anterior myotome muscles innervated by the 
C8 – T1 ventral roots (lower trunk).  The findings may be chronic 
in nature.  Classic TOS is believed to occur more frequently than 
vascular TOS, but it only comprises a small percentage of the total 
cases of neurogenic TOS diagnosed.

Nonspecific TOS has been reported to present with a constella-
tion of symptoms. Pain is a significant complaint.  There is often 
a history of trauma.  Symptoms reported with nonspecific TOS 
include neck, trapezius, supraclavicular, chest (pseudoangina), 
shoulder, and arm pain, occipital headaches, migraine like head-
aches, chronic regional pain syndrome, Raynaud’s phenomena,  
paresthesias (any or all fingers), vertigo, tinnitus, hyperhidro-
sis, dizziness, dysphagia, dyspnea, tachycardia, and weakness.  
Various EDX studies including NCSs across the thoracic outlet, 
somatosensory evoked potentials, and magnetic stimulation have 
been employed to try to document objective nerve involvement 
with this syndrome.  Skeptics of nonspecific TOS point to the 
lack of reproducible objective neurologic findings on clinical  
or EDX evaluation.14 Proponents of this diagnosis reference  
the large number of patients that present with neurologic symp-
toms and have symptoms reproduced with provocative clini-
cal maneuvers impinging the vasculature or placing traction 
on the neural elements.  Studies have shown that these same 
tests can demonstrate a positive response in relatively large 
numbers of asymptomatic, normal individuals.9  The proponents 
further support their position regarding this diagnosis by noting 
that patients with these symptoms obtain relief with treatment, 
usually surgical decompression of the thoracic outlet by first  
rib resection.

MONONEUROPATHIES OF THE SHOULDER

Isolated mononeuropathies in the shoulder area are not the most 
common  mononeuropathies seen by  EDX medicine physicians.  

What may initially appear to be a mononeuropathy, may not be, 
particularly for the major nerves innervating muscles that surround 
the shoulder.  The symptoms may masquerade as, or actually be 
part of, a more widespread process, such as a musculoskeletal  
disorder of the shoulder, idiopathic brachial plexitis, traumatic 
plexus injuries, or cervical radiculopathy.  Due to space con-
straints discussion must be brief and limited to the major nerves 
at the shoulder (long thoracic, suprascapular, axillary [radial], 
and musculocutaneous nerves) which can present as mononeu-
ropathies and affect shoulder function.5,12  Other nerves around 
the shoulder area including the spinal accessory, dorsal scapular, 
thoracodorsal, subscapular and pectoral have all been reported 
as presenting with isolated injury.  Some variation in the typical 
clinical presentation of some of these mononeuropathies may 
occur due to anatomic variation in the origin, composition, 
and branching of the individual nerves which results in a wider 
or narrower distribution of muscle innervation than typically 
expected.3  NCS techniques with reference values have been 
described for all of these nerves, but can be technically difficult 
to perform and often require comparison to the contralateral 
presumed normal/uninvolved side to interpret the finding in the 
involved nerve.5,11  Needle EMG examination plays an important 
role in the evaluation and diagnosis of these disorders, assessing 
first whether or not there is nerve involvement.  Needle EMG 
will identify whether the distribution of findings are limited to 
muscles innervated by a single nerve, thus a mononeuropathy,  
or more widespread such as with a cervical radiculopathy or  
brachial plexopathy.  The needle EMG examination can also 
provide information regarding the severity of the involve-
ment, as many injuries are the result of axon loss.  Needle 
EMG can also provide information regarding the presence 
of nerve recovery, a valuable piece of information necessary 
for determining the proper treatment of these lesions.  Below 
is the anatomical and clinical information, as well as the 
mechanism of injury and sports occurrence of the major  
shoulder nerves.

Long Thoracic Nerve

Roots:  C5, C6, C7 (C8)   
Origin:  ventral rami of the roots   
Innervates:  serratus anterior muscle  

Clinical findings: scapular winging, weakness of serratus  
anterior resulting in an inability to stabilize the scapula which 
may appear as and be misinterpreted as weakness of the rotator 
cuff muscles and deltoid, suggesting either a rotator cuff lesion or  
C5/C6 radiculopathy.

Anatomic Points:  motor nerve, fixed at middle scalene muscle 
and proximal serratus anterior together with angulation in axilla 
making the nerve at risk for traction injuries (overhead arm flexion 
and contralateral head rotation). 

Mechanism of Injury:  repetitive stretching, trauma, iatrogenic, 
entrapments (middle scalene, second rib, coracoid process, bursal), 
and direct compression (“rucksack palsy”).
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Sports Occurrence:  archers, marksman, bodybuilding, football, 
martial arts, wrestlers, backpackers, tennis, and volleyball (young).

Suprascapular Nerve

Roots:  C4, C5, C6 
Origin:  upper trunk  
Innervates:  superspinatus and infraspinatus muscle

Clinical Findings:  deep aching pain along the superior border of 
the scapula with radiation to shoulder and/or upper arm, weakness/
atrophy of supraspinatus (abduction) and infraspinatus (external 
rotation), painless weakness and atrophy of infraspinatus can occur.  
It is important to distinguish TOS from rotator cuff, shoulder 
joint, acromioclavicular joint disorders as well as axillary neuropa-
thy or radiculopathy. 

Anatomic Points:  mixed nerve, fixed at the neck, suprascapular 
notch (transverse ligament) subject to stretch injuries (contralateral 
neck flexion and shoulder depression), and spinoglenoid notch 
(spinoglenoid ligament 60%). 

Mechanism of Injury:  repetitive stretching (common suprascapu-
lar nerve (particularly cross body adduction), isolated infraspinatus 
external rotation, abduction and extension), trauma, entrapment 
(suprascapular and spinoglenoid notches), spinoglenoid ganglion 
cysts, iatrogenic, and primary nerve sheath tumor.  

Sports Occurrence:  volleyball (12%) (serving arm at spinoglenoid 
33% to 45% of international level players), baseball pitchers  
(entrapment either notch), basketball, dancer, bodybuilding,  
football, wrestling, and hikers (rucksack).  

Axillary Nerve

Roots:  C5, C6 
Origin:  branch of posterior cord 
Innervates:  deltoid and teres minor muscles 

Clinical Findings:  weakness of shoulder abduction (deltoid) and 
some lesser weakness of external rotation (teres minor), triceps 
weakness may also be present (see anatomic points), decreased sensa-
tion over lateral shoulder.  Other diagnostic considerations include 
musculoskeletal disorders of the shoulder, suprascapular neuropathy, 
posterior cord plexus lesions and cervical radiculopathy. 

Anatomic Points:  mixed nerve, nerve travels a short course from 
the posterior cord through the quadrilateral space to its muscle 
innervations, the nerve to the triceps may originate from or travel 
with the axillary nerve rather than radial nerve.

Mechanism of Injury:  anterior shoulder dislocation, humeral 
fracture, direct trauma, traction (usually with other elements of the 
brachial plexus), “crutch palsy”, iatrogenic, positional, and quadri-
lateral space syndrome 

Sports Occurrence:  football, hockey, martial arts, rodeo, rugby, 
Australian football, wrestling, volleyball (young player with pre-

sumed quadrilateral space syndrome), baseball pitcher (quadrilat-
eral space syndrome), and hikers.

Musculocutaneous Nerve

Roots:  C5, C6, (C7)  
Origin:  branch of the lateral cord  
Innervates:  coracobrachialis, biceps, and brachialis 

Clinical Findings:  weakness of shoulder adduction and flexion 
(coracobrachialis), elbow flexion (biceps and brachialis), and su-
pination (biceps), sensory loss on the lateral forearm, may have 
pain at the anterior elbow and lateral forearm worse with elbow 
extension and pronation.  Other diagnostic considerations include 
plexopathy, radiculopathy, and tendonopathies at the elbow. 

Anatomic Points:  mixed nerve, nerve passes through coracobra-
chialis muscle and is fixed at this point subjecting nerve to com-
pression or stretch 

Mechanism of Injury:  entrapment or stretch at the coracobra-
chialis, resisted forceful flexion contraction of a pronated elbow, 
shoulder trauma (usually other nerves involved), and iatrogenic 

Sports Occurrence:  bodybuilding.

CONCLUSION

Although controversial, it is important for physicians to understand 
the different forms of TOS and the different complaints with each 
symptom.  Physicians also need to be aware of other possible diag-
nosis to best treat injuries to the shoulder. 
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INTRODUCTION

Many neuromuscular disorders produce shoulder pain and weak-
ness. The pain is primary when sensory nerve fibers are involved, 
such as with nerve root, brachial plexus, and peripheral nerve 
injuries. In other instances, the pain is secondary and a result of 
muscle weakness that causes in biomechanical shoulder dysfunc-
tion or painful subluxation. Secondary shoulder pain as a result of 
weakness occurs in amyotrophic lateral sclerosis (ALS) and several 
forms of muscular dystrophy (MD), especially those forms which 
produce prominent scapular winging. Theoretically, any neuromus-
cular disease that produces significant shoulder girdle weakness, 
including neuromuscular junction disorders and acquired myo-
pathies, can cause shoulder pain. When individuals are unable to 
actively abduct and forward flex their shoulders, they are at risk for 
developing a contracture or painful frozen shoulder.  The diagnosis 
and management of shoulder pain and weakness caused by brachial 
plexopathy, ALS, and MD are of great importance.

BRACHIAL PLEXOPATHY

Brachial plexus injuries that involve the upper trunk or posterior 
and lateral cords of the plexus can cause significant shoulder 
pain and weakness. Upper trunk lesions produce weakness of the 
deltoid, teres major, and all rotator cuff muscles (supraspinatus, 
infraspinatus, teres minor and subscapularis). Infraclavicular plex-
opathies affecting the posterior cord produce deltoid and teres 
minor weakness, and lateral cord lesions produce biceps weakness 
which can destabilize the shoulder since the long head of the biceps 
acts as a shoulder stabilizer. Traumatic lesions that can affect these 
portions of the plexus may be caused by shoulder dislocation, 
proximal humerus or humeral neck fractures, the burner or stinger 

mechanism in sports, and rucksack palsy. Plexopathies caused by 
neoplasm or radiation may also affect these portions of the plexus 
and produce shoulder dysfunction.

Traumatic Plexopathies

Shoulder dislocation or proximal humerus fracture can produce an 
infraclavicular plexopathy that most frequently affects the axillary 
nerve, and less commonly the suprascapular, musculocutaneous, 
and radial nerves. The mechanism of injury is traction on the 
plexus, and depending on the severity, may cause a demyelinating 
or axonal lesion. Some case series suggest the incidence of axillary 
nerve damage (often subclinical) following shoulder dislocation is 
as high as 55%.20 Applying strong traction to the arm to reduce a 
shoulder dislocation may also inadvertently cause brachial plexus 
damage. Axillary nerve injury is a well known complication of 
anterior shoulder dislocation because the short course of the nerve 
around the humeral neck puts the nerve at risk for a traction injury 
with forward humeral displacement; it is also vulnerable to traction 
injury because it is closely tethered to the deltoid muscle. A partial 
nerve injury sustained in association with fracture or dislocation of 
the head of the humerus usually recovers completely.8

The burner or stinger is a traction or compression injury commonly 
experienced by football players, hockey players, and wrestlers. In 
fact, 20% to 65% of collegiate football players report experiencing 
burners at some point in their career. The mechanism of injury can 
involve distraction of the head and shoulder producing traction or 
a blow to Erb’s point, producing compression of the supraclavicular 
plexus. Controversy exists as to whether these injuries are primarily 
upper trunk brachial plexopathies or cervical radiculopathies. The 
athlete typically describes either a blow to the neck and shoulder or 

Neuromuscular Causes of Shoulder 
Pain and Weakness

Lisa S. Krivickas, MD
Associate Professor

Department of Physical Medicine and Rehabilitation
Harvard Medical School
Boston, Massachusetts



excessive lateral flexion of the neck. The arm temporarily becomes 
numb and powerless with burning paresthesias (the source of the 
name “burner”). These symptoms generally resolve within a few 
minutes. Typically, only those athletes with persistent neurologic 
abnormalities are referred for electrodiagnostic (EDX) evalua-
tion. In a studied series of sports related injuries that included 40 
burners, the appropriate sensory nerve conduction studies were 
normal, as one would expect in a cervical radiculopathy, which is 
localized proximal to the dorsal root ganglion. However, paraspi-
nal muscle fibrillation potentials also were not found, preclud-
ing definite localization to the root level.14 Most of these lesions 
produce mild axon loss and have a good prognosis for full recovery. 
However, they tend to be recurrent. Thus, preventive strategies 
such as strengthening of the neck and shoulder girdle muscles, 
modification of protective equipment (use of lifters under shoulder 
pads in football), and instruction in proper tackling techniques are 
warranted.

Rucksack palsy refers to a supraclavicular plexopathy affecting 
the upper trunk, long thoracic, or spinal accessory nerves. It is 
produced by carrying a heavy backpack for a prolonged period of 
time. This lesion typically presents with unilateral painless shoulder 
girdle weakness. Patients note winging of the scapula or impaired 
shoulder abduction. Some patients also have sensory complaints 
in the region of the lateral deltoid (axillary nerve) or the lateral 
forearm (musculocutaneous nerve). Occasional patients have a 
vertebral anomaly or prior injury to the shoulder region that seems 
to predispose them to the injury. These lesions are most frequently 
due to demyelinating conduction block and thus recover sponta-
neously within a few months once the offending activity ceases. 
Recurrence can be prevented by reducing the weight of backpacks 
and utilizing an internal pack frame and waist belt.

The importance of physical therapy in the management of patients 
with nerve injury of the shoulder area cannot be overemphasized. 
Range of motion (ROM) must be maintained to avoid joint 
contractures.  Conservative treatment is recommended when an 
incomplete nerve injury is present. If the lesion appears to be 
complete, the patient should be reexamined by needle electrode 
examination (NEE) in approximately 3 months. With the lesions 
discussed above, the distance from the site of injury to the target 
muscle is relatively short, so some recovery should be expected 
within 3 to 4 months. When the axillary nerve is involved, rein-
nervation usually occurs first in the posterior portion of the deltoid, 
so this area should always be examined with NEE. If there is no 
evidence of reinnervation, surgical exploration and nerve grafting 
should be considered. As in other cases of peripheral nerve injury, 
it is preferable to operate less than 6 months after the onset of  
the injury. 

Neoplastic and Radiation Plexopathies

Neoplastic plexopathies, whether primary or secondary, typically 
present with severe pain that may be followed later by the develop-
ment of weakness and/ or sensory deficit.22 Pain, especially when 
severe, is a factor that helps differentiate secondary neoplastic plex-
opathies from radiation plexopathy which more frequently presents 

with paresthesias;10 in addition, Horner’s syndrome is much more 
likely to accompany a neoplastic plexopathy (33% in the series by 
Harper and colleagues).10 

Metastatic neoplastic plexopathies usually initially affect the lower 
trunk but can spread to involve the entire plexus. They typically 
present in middle aged or elderly patients with a known history of 
cancer. In one large series, the interval between the cancer diagnosis 
and the plexopathy diagnosis was 18 months.10 The most common 
forms of cancer that cause metastatic plexopathy are, in order of 
prevalence, breast, lung, and lymphoma. One exception to the rule 
that the cancer diagnosis usually precedes the diagnosis of secondary 
neoplastic plexopathy is in patients who present with Pancoast syn-
drome. Pancoast syndrome refers to an apical lung tumor (most often 
nonsmall cell cancer) that expands directly into the brachial plexus 
involving the lower trunk and C8 and T1 roots.19 This syndrome 
most often occurs in middle aged or older heavy smokers and is 
accompanied by a Horner’s syndrome. Patients experience burning, 
boring shoulder pain that radiates to the medial elbow and occasion-
ally to digits 4 and 5. The pain is often worse at night. Before the 
classic Horner’s syndrome (ptosis, miosis, hypohidrosis) develops, 
patients may actually experience mydriasis and hyperhidrosis.

Primary neoplastic plexopathies are rare but most often affect the 
upper and middle trunks. Benign neural sheath tumors are most 
common, and of these, the most common is neurofibroma, fol-
lowed by schwannoma. These plexopathies may present with a 
palpable mass as well as limb pain. Benign non-neurogenic tumors 
may also affect the plexus; the two most common, although still 
relatively rare, are desmoid tumor and lipoma.19 While primary 
neoplastic plexopathies usually occur in adults, they have also 
been reported in infants where they can be mistaken for obstetric 
brachial plexopathies1; factors that differentiate these cases from 
obstetric palsies are an onset after birth, progression of weakness, 
and a history of a normal uncomplicated delivery.

Diagnostic testing includes EDX evaluation, imaging studies, and 
surgical exploration/biopsy. Unfortunately, there are no specific find-
ings on EDX examination that suggest a neoplastic origin for a bra-
chial plexopathy. Lesions are primarily axon loss and vary in severity. 
In a patient with a known history of cancer treated with radiation, 
the finding of myokymia on NEE makes a radiation plexopathy 
more likely than a metastatic plexopathy, but does not exclude the 
possibility of neoplasm. In the series of Harper and colleagues, myo-
kymia was seen in 63% of those with radiation plexopathy versus 
4% of those with neoplastic plexopathy.10 With radiation plexopathy, 
fibrillations potentials are often seen in the paraspinal muscles, pos-
sibly because the posterior primary rami (PPR) are included in the 
field of radiation. Fibrillation potentials in the paraspinal muscles are 
uncommon in neoplastic plexopathies with the exception of Pancoast 
syndrome where the PPR is also involved.23

Several imaging modalities have detected abnormalities in the 
plexus suggesting neoplasm. Magnetic resonance imaging (MRI) 
is the imaging study of choice for visualizing the extraforaminal 
components of the brachial plexus.19 Unfortunately, the MRI fea-
tures of benign and malignant neural tumors are similar, so imaging 
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cannot differentiate between the two. Although it can be challeng-
ing, MRI often helps differentiate between metastatic tumor and 
radiation fibrosis.  The presence of a focal mass in a patient treated 
with radiation therapy is the best evidence for a neoplastic plexopa-
thy. In cases where no mass is detected, anterior displacement of 
the scalene muscle may suggest a mass affecting the supraclavicular 
plexus. In Pancoast syndrome, apical fat may be obliterated. Plain 
radiography may show erosion of the first three ribs and of verte-
bral bodies in Pancoast syndrome. Ultrasound imaging has recently 
been utilized to identify focal masses within the plexus or diffuse 
thickening of the nerves.9 Surgical exploration and biopsy confirm 
the diagnosis of neoplastic plexopathy.

Benign primary neoplasms can often be resected without increasing 
the neurologic deficit, but improvement in the existing deficit may 
be limited. Malignant nerve sheath tumors have a poor prognosis. 
They are aggressive and often metastasize. Wide resection or limb 
amputation is often necessary, and median survival is 3 years. 
Secondary neoplastic plexopathies have a guarded prognosis. They 
sometimes respond to radiation and chemotherapy, but surgical 
resection is usually not beneficial. Neurologic deficits are often 
progressive, and much of the treatment is palliative with a primary 
focus on pain management. A combination of opioids, antidepres-
sants, and anti-epileptics is often required.6 Unfortunately, many of 
these patients eventually die of metastatic cancer.10

Radiation plexopathy can develop months to years following radia-
tion therapy for malignancy that includes the brachial plexus in the 
field of treatment. The most common form of radiation plexopathy 
is caused by radiation fibrosis. It typically presents with gradually 
progressive painless weakness and sensory loss that is irreversible. 
It is most frequently found in women who have received axillary 
radiation for breast cancer treatment and tends to begin as an in-
fraclavicular lesion with predilection for the lateral cord or median 
nerve.22 Radiation plexopathy may also develop following treat-
ment for lung cancer or lymphoma. Unfortunately, it can progress 
to the point where it produces a painful flail arm. Painless onset 
and the presence of myokemia on NEE are factors that classically 
have been described as useful in differentiating radiation plexopa-
thy from recurrent neoplasm.  However, not all cases follow these 
rules. Prognosis is poor because these lesions are progressive, and 
recovery does not occur.

AMYOTROPHIC LATERAL SCLEROSIS 

ALS is a progressive degenerative disorder of the upper and lower 
motor neurons. Depending on the balance of upper and lower 
motor neuron dysfunction, patients can develop shoulder mobil-
ity limitations due to spasticity, weakness, or both. Patients with 
ALS are at high risk for developing progressive loss of ROM 
in the shoulders.13 If left untreated, the patient will develop a 
frozen shoulder (adhesive capsulitis), which can be very painful. 
A stretching program may prevent joint contracture or adhesive 
capsulitis as the muscles weaken. This becomes paramount when 
the patient can no longer actively raise his or her arms overhead. 
Loss of ROM can result not only in a painful frozen shoulder but 

has also been reported to cause complex regional pain syndrome  
n ALS.4,18 

If a frozen shoulder develops, radiographs may be indicated to 
make sure the joint cartilage space is intact and to exclude gross an-
atomic deformities such as a fracture. If there is severe calcification 
or heterotopic ossification, the focus should be on pain manage-
ment and not expect significant gains in ROM. An intraarticular 
corticosteroid injection may help reduce inflammation and pain 
so that the patient can progress with a physical therapy program. 
Topical heat and ice, given alone or sequentially (contrast therapy), 
may help reduce pain. If local treatment does not control the pain 
completely, oral pain medications should be used. Aggressive ma-
nipulation, including manipulation under anesthesia, is not war-
ranted in ALS, given the overall prognosis of the disease.

An arm sling may be used to support the proximal upper extrem-
ity (UE) when muscles are weak or if the glenohumeral joint is 
subluxed. Slings similar to those used with post-stroke patients 
may reduce pain, prevent soft tissue stretching, and relieve tension 
on the brachial plexus. A pouch sling or single strap hemisling 
supports the elbow and wrist; however, these slings position the 
arm close to the body in adduction, internal rotation and elbow 
flexion; with prolonged use, contractures may develop. The axilla 
roll sling (“Bobath” sling) consists of a soft roll fashioned to fit 
under the axilla and is secured with a figure of eight harness. This 
type of sling holds the humerus slightly abducted, while supporting 
the shoulder joint. A humeral cuff sling consists of an arm cuff on 
the distal humerus supported by a figure-eight harness. Studies in 
patients with stroke have found some supports more effective than 
others in reducing subluxation.2,15,24

MYOPATHIES AND DYSTROPHIES

Several forms of MD present with prominent scapular winging ac-
companied by loss of active shoulder ROM . The most common 
of these is facioscapulohumeral dystrophy (FSHD). The next most 
common forms of dystrophy are limb girdle muscular dystrophy 
(LGMD) 2A and 2I, due to deficiency of calpain 3, and fukutin 
related protein, respectively. Table 1 summarizes several forms of 
muscular dystrophy that produce scapular winging. Patients with 
scapular winging often develop shoulder pain related to altered 
biomechanics when they attempt to perform overhead activities. A 
recent survey of 127 patients with FSHD revealed that 57% reported 
shoulder pain that was graded 4.7 in intensity on a 10-point scale.12 
The average age of these patients was 52 years, and the mean age at 
onset of pain was 39 years. In this same study of 130 patients with 
myotonic muscular dystrophy (MMD), 29% also reported shoulder 
pain with an intensity of 4.4; their mean age was 47 years  and the 
average age at which shoulder pain began was 42 years. While pa-
tients with MMD do not typically develop scapular winging, there 
are probably other factors, such as weight bearing through the UE 
when using assistive devices, that contribute to the pain.

The initial assessment of shoulder pain in these patients 
should include evaluation of ROM (active, active with manual  
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stabilization of the scapula, and passive), muscle strength assess-
ment (rotator cuff, scapular stabilizers, deltoid, and biceps), and an 
assessment of the biomechanical strategies used to perform activi-
ties of daily living (ADLs) and job related tasks and/or utilize assis-
tive devices for gait. Part of this evaluation may be best performed 
by a physical and/ or occupational therapist. Treatment focuses 
on maintaining normal joint ROM, strengthening minimally af-
fected muscles so that they may substitute for weaker muscles, and 
adopting compensatory strategies for ADLs that do not aggravate 
the pain. Underlying pain may be treated with acetaminophen, 
nonsteroidal anti-inflammatory drugs, antiepileptics, tricyclic an-
tidepressants, and narcotics, if needed, using a standard analgesic 
ladder approach. If there is a component of subacromial bursitis, 
a combination of local anesthetic and corticosteroid injected into 
the bursa may decrease pain so that therapy can be administered 
more effectively. If pain persists despite the conservative treatment 
strategy, an MRI study may be warranted to look for evidence of 
a rotator cuff tear, tendonopathy, or intraarticular pathology such 
as a labral tear.

In selected patients with FSHD, and possibly other forms of 
dystrophy with prominent scapular winging, surgical fixation 
of the scapula may reduce pain, improve function, and improve 
cosmesis. In FSHD, patients typically have selective weakness 
of the serratus anterior, trapezius, and rhomboid muscles with 
relative sparing of the deltoid. Patients are candidates for the 
surgery if they have grade 4/5 or better deltoid muscle strength, 
and if shoulder flexion and abduction ROM and endurance 
improve when the scapula is manually held in place against the 
chest wall via the Horwitz maneuver or manual compression 
test (Figure 1)3. Patients also must be psychologically stable 
so that they can tolerate up to a 6-month disruption of their 
normal routine and comply with post-operative restrictions and  
physical therapy. 

Several different surgical techniques have been described, but the 
most current procedures involve the use of wires, plates, and/ or 
bone grafts to fix the scapula to the ribs (Figure 2).21 The scapula is 
fixed in 15 to 25 degrees of external rotation with respect to the in-
terspinous line5,7; with a greater degree of external rotation, greater 
gains in abduction may be achieved, but possibly at the cost of pre-

venting full adduction with the arm at the side. When only wires 
are used (scapulopexy), arthrodesis is not achieved, but rehabilita-
tion time is reduced due to a shorter period of immobilization. 
When arthrodesis is desired (scapulodesis), the arm is immobilized 
either at the side or in abduction with a sling or brace for 6 to 12 
weeks to allow the fusion to form. Once the immobilization period 
is complete, patients require several months of physical therapy to 
regain shoulder ROM and maximize strength. Patients must refrain 
from vigorous exercise or heavy lifting for 6 to 9 months post-oper-
atively, and typically miss 3 to 6 weeks of school or work following 
the surgery.21,3 If both shoulders need to be operated on, sequential 
operations are recommended so that the patient has the use of one 
arm at all times; thus, having bilateral procedures is approximately 
a 1 year commitment on the part of the patient.

When scapular fixation surgery is successful, patients have im-
proved active abduction and flexion ROM and strength. Abduction 
and flexion generally improve by 30 to 70 degrees so that active 
abduction and flexion are possible to 100 to 145 degrees.3,11,5,7,17 

Figure 1   Demonstration of improved forward flexion of the shoulder in 
a patient with facioscapulohumeral dystrophy after manual compression 
of the scapula.(3) Reproduced with permission from Copeland S, Levy O, 
Warner G, Dodenhoff R. The shoulder in patients with muscular dystro-
phy. Clinical Orthopaedics and Related Research1999;368:80-91.

Table 1  Muscular dystrophies associated with scapular winging

   FSH  LGMD 2A   LGMD 2E   LGMD 2I   Emery-Dreifuss

Inheritance  AD  AR   AR   AR    XR, AD

Protein deficiency Unknown  Calpain 3   Beta sarcoglycan  FKRP   Emerin, lamin A/C

Onset age  any  childhood – young adulthood childhood - teens  Congenital  - teens  Neonatal  - young 
              adulthood

Initial symptom Scapular winging,  Scapular winging and  Proximal weakness  Proximal >    Biceps and triceps 
   facial weakness, pelvic girdle weakness,     distal weakness;  weakness, contractures, 
   foot drop  normal face      face usually spared  cardiac arrhythmia

Symmetry  no  Yes   yes   some   yes

AD = autosomal dominant, AR =  autosomal recessive, FKRP = fukutin related protein, FSH = facioscapulohumeral, LGMD = limb girdle muscular dystrophy,  
XR= X linked recessive. 
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In one series, patients maintained their improved shoulder range of 
motion for up to 40 years. Some patients experience relief of pre-
operative periscapular pain.17 Others perceive improved cosmesis 
because the scapula no longer protrudes posteriorly; however, they 
are left with a large scar along the border of the scapula.

There are no randomized trials of scapular fixation in MD. 
However, a recent Cochrane review of case reports and case series 
suggests significant benefits with respect to shoulder ROM.16 
Few of these studies addressed pain improvement as an outcome 
measure. Complications have included a nonclinically significant 
loss of vital capacity, wire breakage, brachial plexopathy due to 
stretch, pain, non-union or fracture, pneumothorax, and infection. 
In one series, there was loss of shoulder internal rotation and cross 
body abduction.17 In some patients, there is a gradual loss of abduc-
tion and flexion ROM over time, but this may be partially due to 
disease progression.

SUMMARY

Neuromuscular disorders that produce shoulder pain and weakness 
include brachial plexopathies, ALS, and some forms of myopathy 
and MD. For most of these disorders, care is supportive and in-
cludes pain management, physical therapy to maintain ROM and 
prevent deleterious muscle substitution patterns from developing, 
instruction in the use of compensatory strategies, and occasion-
ally, the use of a sling to support a subluxed shoulder. In selected 
patients with FSHD or scapular winging due to another cause, 
scapular fixation surgery can improve function and cosmesis as well 
as reduce pain.

Figure 2   Illustration of one method of surgical scapular fixation.(21) 
Reproduced with permission from Wahl M. Form meets function. Quest 
2003:23-27.
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