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HOW TO WRITE A PAPER
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Editor‐in‐Chief, Journal of the Neurological Sciences

, p y gy

What to write about?

Who deserves authorship?

What should the format be?What should the format be?

Who is the audience?

What journal to target?

Read instructions for authors!

• Should be everything you need to know.
• Read carefully
• One detail often missed is the format of• One detail often missed is the format of 

the references.
– I suggest using an electronic reference 

manager, such as EndNote
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PARTS OF A REGULAR ARTICLE:
PEER REVIEWED ORIGINAL OBSERVATION

• a. Title

• b. Abstract: structured or 
non‐structured

• c. Introduction, 
hypothesis,aims, descriptive

• h. Tables

• i. Figures

• j. Supplementary material

• k. Potential conflicts of 
interest/disclosuresyp p

• d. Methods/Materials 
including statistics

• e. Results: dangers of post hoc 
analysis

• f. Discussion

• g. References including 
formatting

interest/disclosures

• i. Forms required 

• m. Adequate editing

• n. Registration of clinical 
trials, funding for any type of 
study being reported

• o. Acknowledgements

a. Title/Title page

• This tells the editor, reviewer and ultimately the reader what 
the manuscript is about, what is the subject and/or main 
finding(s)

• Title for a review paper or case reports are somewhat 
different; less single point for a review, main finding for a 
case reportp

• Pay attention to length as well as for running title
• List authors and affiliations as per journal instructions
• Role of each author may be asked for on title page or 

elsewhere, follow journal guidelines
• Key words are often asked for on title page, follow 

instructions as to number and whether words in the title can 
or cannot be used as key words

b. Abstract

• Is an abstract required/needed: Full papers and reviews versus 
case reports and letters

• Structured vs non‐structured; follow the guidelines for that 
journal

• Follow the length restrictions in instructions to authorsg

• This is where you get the attention of the editor, the reviewers 
and the readers. Can determine who the editor picks as reviewers, 
whether he/she or others involved (deputy editors, associate 
editors) triage the Ms or not.

• This is where the reader, especially if not in that subspecialty/field 
often decides if he/she is going to read the paper

• I suggest writing the Abstract last
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c.Introduction

• What lead you to do the study?
– What is the clinical or scientific issue

– Briefly, what have others and you found‐ be careful not to simply 
reduplicate the Discussion

• What was the primary aim of the study or the hyopthesis p y y y p
(depending on the type of paper you are writing)

• If descriptive how is this different than prior publications in 
the field?

• Be careful of “this is the first time xyz has been described”, it 
often is not. Some journals don’t like this type of wording at 
all so at least try “to our knowledge….”

d. Methods and Materials

• Allows the reviewer and reader to judge the validity of how 
you did the study

• Allows the reviewer and the reader to repeat the study to 
validate/repeat it

• Be certain that you have suppliers experimental conditions• Be certain that you have suppliers, experimental conditions, 
doses of medications, schedule of medications, etc correct

• Check that the numbers of subjects, samples, etc against 
numbers in Results, Figures and Tables

• Read the Results and review Figures and Tables carefully and 
ensure that Methods/Materials 

• Statistical methods go here in detail

e. Results

• Present the Results in a logical sequence 

• Refer to Figures and Tables and be certain they are the 
correct Figures and Tables for the Results you are describing

• Avoid repetition and jargon

R d i d b i h i i “ d ” f ll• Read it and be certain that it is not “too dense” to follow 
(can happen with too many numbers in a row)

• Make certain that there a Methods and Materials that match 
the Results; is there mention of the M/M that match the 
result you are describing 

• Consider writing Results first, even before Introduction or 
Methods and Materials
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f. Discussion

• This is where you summarize what you found 

• How it relates to what you set out to find

• What is the importance of what you found

• What are the limitations to your finding

• How does it relate to other reports in the literature, 
differences from other studies

• What future studies are indicated in the future

• Avoid speculation that is excessive and especially if you have 
no data that relates to your speculation

• Try to avoid repeating the Introduction, watch the length

g. References and Citations 

• Read the instructions to authors and if you can look at a few 
articles from the same journal

• Remember it is important to use the correct referencing system 
and to cite articles in the text (seldom cited in Results or 
Abstracts)

• If this is a submission to a different journal after Ms was rejected• If this is a submission to a different journal after Ms was rejected 
remember to check and see if the new journal uses a different 
referencing system and citation style

• Use End Note or similar system; easy to change for the next 
journal

• Avoid over referencing give the amount of data you are 
presenting; Instructions to authors sometimes have 
guidelines/limits

g. Figures

• Are all of the Figures necessary and are they related and 
illustrative of findings/data in Results

• Avoid repeating in Figures what you put in Tables

• Make certain of the quality of the figures particularly 
images, microscopic (cell cultures, histology, EM, etc), gels, 
reproduction of electrophysiologic recordings

• Do not show names of patients or dates of images

• If a patient is pictured cover features that are not necessary 
to make your point and be certain you have consent

• Figure legends should make it unnecessary to constantly 
refer back to Methods/Results; make certain Figure numbers 
are correct re when indicated in Results
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h. Tables

• Make certain each Table is necessary and does not repeat 
what is in another Table

• If the same data is in a Figure be very certain that you really 
need to show the same data in a Table

• Table legends should be clear informative and to the point• Table legends should be clear, informative and to the point

• Avoid excessive number of Tables

• Make certain Table numbers are correct and match with 
citation in the Results

i. Supplemental Material

• This is material that is important to have available to the 
interested reader but is not necessary to have to read the 
paper and understand and support the Results and the main 
messages of the paper

• Sometimes the data may be useful for others even if theSometimes the data may be useful for others even if the 
data is not directly related to your paper; list of genes, 
activated genes, proteins that are detected in screens are 
good examples

• Sometimes the editor will suggest some of your data going 
into supplemental data

• Make certain the journal accepts supplemental data

k. Potential Conflicts of Interest/Disclosures

• Read the instructions; will often be very specific 

• For some journals disclosures are not limited to commercial 
sources of support

• Be complete, over report rather than under report if you are 
not certain or contact editor

• These are critical in clinical trials, reports of therapy and any 
time there are descriptions of the use of any medication or 
devices

• All named authors need to list potential conflicts of interests

• Patents and pending patents need to be disclosed

• Source of funding for the particular study usually is listed 
separately
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l. Forms

• Some journals require some of the information covered in 
the earlier slides go on special forms. Read the instructions 
to authors

m. Adequate editing 

• Have at least one other author look at the final version 
before you send it

• Check for Figures, Tables, correct referencing and citations of 
references in the text

• Use “Spell Check” to check for any errors

• Some Spell Checks also have grammar checks as well

• Set the spelling and grammar checks for the appropriate 
language; some programs distinguish between US and 
UK/Commonwealth spelling

• If English (or whatever language is the language of the 
journal) and it is not your native language and you have not 
published a great deal in that language, get help

n. Registration of Clinical Trials/Source of Funding 

• Need for registration will vary with country 
(countries) where study was performed but also 
country or the journal (when identifiable)

• Journal may require this information; check

• Source of funding, commercial or otherwise is often 
listed separately 
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o. Acknowledgements

• Here you thank individuals who helped who are not an 
authors
– Gifts of reagents
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• Reading manuscripts
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ORIGINAL CONTRIBUTION

A Potential Role for B-Cell Activating Factor
in the Pathogenesis of Autoimmune Myasthenia Gravis
Samia Ragheb, PhD; Robert Lisak, MD; Richard Lewis, MD;
Gregory Van Stavern, MD; Felicitas Gonzales, BS; Kirk Simon, BS

Objective: To compare serum B-cell activating factor
(BAFF) levels in patients with myasthenia gravis (MG)
with those in control subjects without MG.

Design: Case-control study.

Subjects: Forty-three patients with MG were com-
pared with control subjects without MG. These in-
cluded 48 healthy subjects, 25 patients with multiple scle-
rosis, and 3 patients with amyotrophic lateral sclerosis.

Results: In all subjects studied, there was no correlation
between the serum BAFF level and the concentration of
total IgG, IgA, or IgM. The BAFF levels in patients with
multiple sclerosis or amyotrophic lateral sclerosis were not

significantly different from those in healthy subjects. How-
ever, BAFF levels in patients with MG were significantly
higher than those of all the control subjects. There was no
correlation or dependence between the serum BAFF level
and the extent or severity of disease. There was a trend for
BAFF levels to be higher in patients who were seroposi-
tive for acetylcholine receptor–specific antibodies.

Conclusions: We report that BAFF levels are increased
in patients with autoimmune MG. Our data suggest that
BAFF is likely to play a role in the pathogenesis of MG
by promoting the survival and maturation of autoreac-
tive B cells.

Arch Neurol. 2008;65(10):1358-1362

A UTOIMMUNE MYASTHENIA

gravis (MG) is a B cell–
mediated disease in which
the target autoantigen is
the acetylcholine receptor

(AChR) at the neuromuscular junction.1

Most patients with generalized symptoms
have circulating anti-AChR antibodies.
Some patients who are seronegative for anti-
AChR antibodies have circulating antibod-
ies to muscle-specific kinase (MuSK).2,3 The
AChR-directed antibodies can bind to the
various subunits of the AChR; however,
most are specific for the � subunit.4 There
is no correlation between the serum anti-
body titer and disease severity in MG.5 The
inductive signals that lead to the break-
down of immune tolerance to the AChR re-
main unknown.

Although the percentage of B cells in
the blood of patients with MG is the same
as that of healthy subjects, the frequency
of B cells that express CD71 is signifi-
cantly higher in patients with MG,6 par-
ticularly in seropositive patients. Be-
cause CD71, a transferrin receptor, is
essential for the transport of iron into pro-
liferating cells, the increased expression of

CD71 suggests that the percentage of pro-
liferating B cells is higher in patients with
MG compared with healthy controls.

In some patients, the myasthenic thy-
mus is implicated in initiating, or contrib-
uting to, the disease process.7,8 The pres-
ence of germinal centers in the thymic
perivascular space indicates that B-cell ac-
tivation and proliferation are occurring
within the thymus. Patients with MG with
thymic follicular hyperplasia tend to have
higher serum titers of AChR-specific an-
tibodies.5 The germinal center environ-
ment also provides the necessary signals
for AChR-specific B-cell survival.9 Germi-
nal centers within the thymus have strong
overexpression of CD23,10 a multifunc-
tional molecule. One of its roles is to pro-
mote the survival and differentiation of ger-
minal center B cells through a mechanism
that involves upregulation of Bcl-2.11 Thy-
mic germinal center B cells do overex-
press Bcl-2.12,13 In the MG thymus with fol-
licular hyperplasia, the overexpression of
CD23 and Bcl-2 provides strong evi-
dence that the germinal center environ-
ment is promoting the survival and dif-
ferentiation of AChR-specific B cells.

Author Affiliations:
Departments of Neurology
(Drs Ragheb, Lisak, Lewis, and
Van Stavern, Ms Gonzales, and
Mr Simon), Immunology and
Microbiology (Drs Ragheb and
Lisak), and Ophthalmology
(Dr Van Stavern), Wayne State
University School of Medicine
and Detroit Medical Center,
Detroit, Michigan.
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Within germinal centers, B cells are in close proxim-
ity to and are influenced by soluble signals from den-
dritic cells. Dendritic cells and other myeloid cells
(monocytes/macrophages) produce and secrete B-cell
activating factor (BAFF).14-16 B-cell activating factor–
transgenic animals exhibit hypergammaglobulinemia,
lymphoproliferation, and B-cell hyperplasia, and they
develop autoimmune disease. Conversely, in BAFF-
deficient animals, there are defects in peripheral B-cell
maturation and decreased levels of circulating immuno-
globulins.17 Therefore, BAFF is a potent survival factor
for B cells and is necessary for peripheral B-cell differen-
tiation. B-cell activating factor regulates Bcl-2 family
members in a manner consistent with pro survival.18,19

B-cell activating factor is an important molecule within
the germinal center. Its role in promoting the survival
and maturation of AChR-specific B cells has not been
studied. In this study, we measured BAFF levels in the
serum of patients with autoimmune MG. The BAFF lev-
els were compared with those in control subjects with-
out MG. These included healthy subjects, patients with
multiple sclerosis (MS), and patients with amyotrophic
lateral sclerosis (ALS). We report that BAFF levels were
increased in patients with MG.

METHODS

SUBJECTS

Patients with MG included 29 women and 14 men with an age
range of 20 to 72 years. Clinical diagnosis of MG was con-
firmed by electrophysiology, pharmacologic testing with edro-
phonium chloride, and/or serum anti-AChR and anti-MuSK an-
tibody titers. The extent of disease and severity of symptoms
were graded according to the Myasthenia Gravis Foundation
of America clinical classification scale.20 Patients with MG in-
cluded those who were receiving no therapy or receiving pyri-
dostigmine bromide only. Patients who were receiving any im-
munomodulatory therapy or had undergone thymectomy were
excluded. Informed consent was obtained from all subjects. Pa-
tients with MG were compared with race-, sex-, and age-
matched control subjects without MG. These included 48 healthy
subjects, 3 patients with ALS, and 25 patients with MS. Pa-
tients with MS included 23 patients with relapsing-remitting
disease, 1 patient with primary progressive disease, and 1 pa-
tient with secondary progressive disease. Patients with MS were
untreated at the time of study. Serum samples from all sub-
jects were stored at −70°C until the time of study.

BAFF ENZYME-LINKED
IMMUNOSORBENT ASSAY

Serum BAFF levels were measured by an enzyme-linked im-
munosorbent assay (R&D Systems, Minneapolis, Minnesota),
which was calibrated using soluble human recombinant BAFF
as a standard. Briefly, a monoclonal antibody specific for BAFF
was precoated onto a microplate. The BAFF standards and se-
rum samples were then added in duplicate and incubated for
2 hours. After washing, an enzyme-linked polyclonal anti-
body that was specific for BAFF was added, and the plate was
incubated for an additional 2 hours. After washing, a substrate
solution was added for 30 minutes. Color developed in pro-
portion to the amount of bound BAFF. Absorbance was mea-
sured at 450 nm. The standard curve included BAFF concen-

trations in the range of 62.5 pg/mL to 4000 pg/mL. The minimal
detectable dose of BAFF (ie, sensitivity) was at 3.4 pg/mL. The
goodness of fit for a representative standard curve was r2=0.9955.
The intraassay coefficient of variation was 4.9%; the interas-
say coefficient of variation was 8.0%. Using this assay, BAFF
levels in healthy human serum are reported to be between 671
and 2447 pg/mL, with a mean (SD) of 1169 (283) pg/mL.

SERUM IMMUNOGLOBULIN MEASUREMENTS

Serum IgG, IgA, and IgM were measured by a radial immuno-
diffusion assay (The Binding Site, Birmingham, England). Briefly,
serum was added to a well cut into an agarose gel containing
monoclonal antibodies to IgG, IgA, or IgM. The IgG, IgA, or
IgM in the serum diffused radially and a precipitin ring formed.
The diameter of the ring was proportional to the concentra-
tion of IgG, IgA, or IgM in the serum sample. The assay was
calibrated using IgG, IgA, and IgM standards of known con-
centration. The concentrations of IgG standards were 2250,
13 500, and 22 500 mg/L. The concentrations of IgA standards
were 545, 3270, and 5450 mg/L. The concentrations of IgM stan-
dards were 265, 1590, and 2650 mg/L.

ANTI-AChR AND ANTI-MuSK

Titers of anti-AChR antibodies were determined by commercial
laboratories at different times. Titers of anti-MuSK antibodies were
determined by Angela Vincent, MD, at Oxford University.

STATISTICAL ANALYSIS

Linear regression analysis, the 2-tailed nonparametric Mann-
Whitney test, and the nonparametric 1-way analysis of vari-
ance (Kruskal-Wallis test) were used. P� .05 was considered
significant.

RESULTS

The BAFF levels in patients with MG were compared with
those in patients with MS, a disease with an autoim-
mune pathogenesis that is considered to be T cell initi-
ated.21 The BAFF levels in patients with MG were also
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Figure 1. Serum B-cell activating factor (BAFF) levels. The BAFF levels were
measured by enzyme-linked immunosorbent assay. Data are shown for 48
healthy subjects, 43 patients with myasthenia gravis (MG), 25 patients with
multiple sclerosis (MS), and 3 patients with amyotrophic lateral sclerosis
(ALS). Each point represents an individual. The line denotes the mean.
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compared with those in patients with ALS, a neurode-
generative disorder whose pathogenesis is unknown but
is not considered to be immune mediated.22 Figure 1
shows the serum BAFF levels in patients with MG, MS,
and ALS in comparison with those in healthy subjects.

As the Table shows, BAFF levels in patients with MS
or patients with ALS were not significantly different from
those in healthy subjects. However, BAFF levels in pa-
tients with autoimmune MG were significantly higher than
those in healthy subjects (P� .001) and higher than those
in patients with MS (P� .001) and ALS (P=.050). When
patients with MG were compared with all the control sub-
jects (healthy subjects, patients with MS, and patients with
ALS together), BAFF levels in the serum of patients with
MG were significantly higher (P� .001). The mean (SD)
(SEM) for patients with MG was 1.810 (0.93) (0.14)
ng/mL with a 95% confidence interval of 1.525 to 2.095
ng/mL. The mean (SD) (SEM) for all control subjects was
1.201 (0.51) (0.06) ng/mL with a 95% confidence inter-
val of 1.091 to 1.312 ng/mL. As Figure 2 shows, for pa-
tients with MG, BAFF levels were slightly higher in fe-
male patients compared with their male counterparts;
however, the difference was not statistically significant

(P� .05). For female patients with MG (n=29), the mean
(SD) BAFF level was 1.96 (0.96) ng/mL. For male pa-
tients with MG (n=14), the mean (SD) BAFF level was
1.50 (0.78) ng/mL.

To determine whether there was a correlation be-
tween the serum BAFF level and immunoglobulin con-
centration, we measured IgG, IgA, and IgM levels in the
serum. Of the 119 subjects included in this study, 64 sera
were randomly chosen. There was no correlation be-
tween the serum BAFF levels and the serum IgG, IgA, or
IgM levels in any of the subject groups. Figure 3 shows
the correlation of BAFF levels with serum immunoglob-
ulin levels for all subject groups together. Linear regres-
sion analysis showed that the goodness of fit of BAFF lev-
els with the serum immunoglobulin levels was IgG,
r2=0.0190; IgA, r2=0.0140; and IgM, r2=0.0015.

Table. Mean BAFF Levelsa

Subjects

ng/mL

BAFF Level,
Mean (SD) (SEM)

95% Confidence
Interval

Healthy subjects 1.264 (0.56) (0.08) 1.102-1.426
Patients with MG 1.810 (0.93) (0.14) 1.525-2.095
Patients with MS 1.141 (0.45) (0.09) 0.955-1.328
Patients with ALS 1.130 (0.23) (0.13) 0.562-1.698
All control subjectsb 1.201 (0.51) (0.06) 1.091-1.312

Abbreviations: ALS, amyotrophic lateral sclerosis; BAFF, B-cell activating
factor; MG, myasthenia gravis; MS, multiple sclerosis.

aPatients with MG vs healthy subjects, P� .001; patients with MG vs
patients with MS, P� .001; patients with MG vs patients with ALS, P=.050;
patients with MG vs all control subjects, P� .001.

bAll control subjects includes healthy subjects, patients with MS, and
patients with ALS.
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Figure 2. Effect of sex on serum B-cell activating factor (BAFF) levels.
MG indicates myasthenia gravis; MS, multiple sclerosis; and
ALS, amyotrophic lateral sclerosis.
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Figure 3. Correlation of B-cell activating factor (BAFF) levels with IgG, IgA,
and IgM levels. The BAFF levels were measured by enzyme-linked
immunosorbent assay. IgG, IgA, and IgM levels were measured by radial
immunodiffusion. Each point represents an individual. The goodness of fit by
linear regression analysis was IgG, r 2=0.0190; P=.28; IgA, r 2=0.0140;
P=.35; and IgM, r 2=0.0015; P=.76
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Patients with autoimmune MG were divided into
groups by the extent and severity of their clinical signs
and symptoms (Figure4). For each class, the mean (SD)
(SEM) BAFF level was class 1, 1.69 (0.47) (0.21) ng/
mL; class 2, 1.49 (0.51) (0.14) ng/mL; class 3, 2.01 (0.62)
(0.16) ng/mL; and class 4, 1.50 (0.41) (0.18) ng/mL. There
was no correlation or dependence between the serum
BAFF level and the extent or severity of disease (analy-
sis of variance, P=.14). However, patients who were se-
ropositive for anti-AChR antibodies tended to have higher
serum BAFF levels than seronegative patients (Figure5).
This trend did not reach statistical significance (P=.13).
For seronegative patients with MG, the mean (SD) (SEM)
BAFF level was 1.59 (0.46) (0.11) ng/mL with a 95% con-
fidence interval of 1.37 to 1.82 ng/mL. For seropositive
patients with MG, the mean (SD) (SEM) BAFF level was
2.13 (1.22) (0.28) ng/mL with a 95% confidence inter-
val of 1.54 to 2.72 ng/mL. Three of the seronegative pa-
tients were seropositive for anti-MuSK antibodies. There
was no correlation between the serum BAFF level and
anti-MuSK antibody titer (data not shown; r2=0.0920;
P=.80).

COMMENT

In human autoimmune disease, patients with systemic
lupus erythematosus, rheumatoid arthritis, Sjögren syn-
drome, and celiac disease are reported to have increased
serum levels of BAFF.23-26 In this study, we demonstrate
that serum BAFF levels are increased in patients with MG.
We compared patients with autoimmune MG with healthy
subjects, patients with MS (an immune-mediated dis-
ease with a major role for a T cell–initiated pathogen-
esis), and patients with ALS (a nonimmune-mediated pe-
ripheral nervous system neurodegenerative disease).
Patients, regardless of diagnosis, who were receiving im-
munomodulatory therapy were excluded from the study.
Our data show that BAFF levels in the serum of patients
with MG were significantly higher than those of all the
control subject groups.

Previous studies have shown that the frequency of B
cells in the circulation is not increased in patients with
autoimmune MG.6 In this study, we found no difference
in the serum concentrations of immunoglobulins (IgG,
IgA, and IgM) between patients with MG and controls
without MG (data not shown). Furthermore, there was
no correlation between BAFF levels and the concentra-
tion of IgG, IgA, or IgM in the serum. Therefore, al-
though BAFF-transgenic animals exhibit hypergamma-
globulinemia, the increased BAFF levels in patients with
autoimmune MG do not result in increased levels of cir-
culating immunoglobulins.

We found no association between the serum BAFF level
and the extent or severity of disease in patients with MG.
This was not surprising, as previous studies have shown
that there is no correlation between the serum titer of
anti-AChR antibodies and disease severity.5 There was a
trend for BAFF levels to be higher in anti-AChR–
seropositive patients, although the difference in BAFF lev-
els between seropositive and seronegative patients did not
reach statistical significance. We did not attempt to cor-

relate the serum BAFF level with the titer of anti-AChR
antibodies because the titers were determined by sev-
eral different commercial laboratories. Based on 3 pa-
tients who were seropositive for anti-MuSK antibodies,
there was no correlation between the BAFF level and the
anti-MuSK antibody titer.

In autoimmune MG, dysregulation of immune sig-
nals promotes the survival, activation, and maturation
of autoreactive AChR-specific B cells. Data from several
laboratories demonstrate enhanced B-cell activation in
patients with MG, particularly those with thymic follicu-
lar hyperplasia.5,6,12,13,27,28 Follicular dendritic cells, and
other myeloid cells, control B-cell growth, survival, and
differentiation, but their role in the pathogenesis of au-
toimmune MG has not been thoroughly investigated. The
mechanism(s) by which BAFF and its receptors regu-
late human B-cell function and tolerance is not known.
Because autoreactive B cells are poorly competitive for
survival, they are likely to have an increased depen-
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Figure 4. Effect of disease extent and severity on serum B-cell activating
factor (BAFF) levels. The extent of disease and severity of symptoms were
graded according to the Myasthenia Gravis Foundation of America clinical
classification scale.
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Figure 5. Effect of absence or presence of serum anti–acetylcholine receptor
antibodies on serum B-cell activating factor (BAFF) levels. Each point
represents an individual patient with myasthenia gravis. The line denotes the
mean.
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dence on BAFF for survival.29,30 In patients with thymic
follicular hyperplasia, it is thought that the germinal cen-
ter environment is providing signals that promote AChR-
specific B-cell survival and activation. Yet these signals
are not known. A recent study shows that the myas-
thenic thymus does express BAFF.31 Our data on serum
BAFF levels show that BAFF is likely to play a role in the
pathogenesis of the disease. Furthermore, the fre-
quency of B cells that express the BAFF receptor ap-
pears to be higher in patients with MG.32 We propose that
dysregulation of the BAFF/receptor system in MG al-
lows autoreactive B cells to survive and mature.
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ABSTRACT
Background: Previous studies have explored the efficacy
and safety of botulinum neurotoxin (BoNT) treatment for
Focal hand dystonia (FHD), but none have followed a large
number of patients for 10 years or more.

Methods: Retrospective study, with benefit and weak-
ness assessed on a 0 to 4 subjective scale. Demo-
graphic, clinical and treatment characteristics were
analyzed using t tests and Pearson correlations.

Results: Twenty FHD patients had 10 years or longer
treatment. Interinjection intervals were variable. Musi-
cians were more likely to wait longer between injections
and had less complex dystonia. There was a trend for
larger benefit in women and with shorter intervals. The
dose increased over time. Dystonia characteristics did
not predict response or side-effects, but benefit magni-
tude predicted longer compliance. No serious side-
effects or antibody-mediated resistance occurred.

Conclusion: This is the longest reported period
of BoNT treatment in the largest FHD cohort. BoNT
therapy for FHD remains safe and effective after more
than a decade of treatment. VC 2011 Movement Disorder

Society

Key Words: botulinum; dystonia; focal hand dystonia;
safety; efficacy

Introduction
Focal hand dystonia (FHD) is a task specific focal

dystonia.1 Botulinum neurotoxin (BoNT) injection is
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an effective treatment,2,3 reducing pathologic neuro-
muscular junction hyperactivity.4 We previously
reported the safety and effectiveness of BoNT injec-
tions for FHD in patients receiving injections for up to
6 years.5 We continue to follow a large cohort, with
20 patients now treated for 10 years or longer.

Subjects and Methods

Patients

Patients were selected from the NIH BoNT clinic
database. Diagnosis was established by initial evalua-
tion and confirmed by ongoing observation.

BoNT Injections

Subjects returned for repeat treatment when they felt
that reinjection was necessary, no more frequently than
every 3 months. The initial dose and targets were
based on clinical judgment,6 with the starting dose
chosen at the lower end of the range and subsequent
adjustments. Injections were performed under EMG
guidance, as previously described,7 rarely supplemented
by ultrasound. OnabotulinumtoxinA (BotoxVR , Aller-
gan) at a concentration of 50 to 100 U/mL was used
for each injection, except one single injection of Rima-
botulinumtoxinB (MyoblocVR , Solstice Neurosciences)
in one patient.

Patient Evaluations

Muscle strength was assessed using the MRC scale.
The toxin distribution and dose were adjusted based
on report of weakness and benefit from previous injec-
tions. Benefit was assessed on a subjective scale from 0
to 4, based on percent restoration of normal function:
0 ¼ none, 1 ¼ minimal (1–25% restoration of func-
tion), 2 ¼ mild (26–50%), 3 ¼ moderate (51–75%), 4
¼ excellent (76–100%). The patients self-assessed weak-
ness following the previous injection using a similar
scale, as 0 (none), 1 (<25% reduction in normal
strength), 2 (26–50%), 3 (51–75%), or 4 (76–100%).
The rating procedures and treatment guidelines were
consistent throughout the study, and all the information
was charted in a Microsoft Access database.
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Data Analysis

Student’s t test and Pearson correlations were used,
with P < 0.05 as significance threshold. All averages
are presented 6 standard deviation.

Results
Out of 440 patients in our database, 214 patients

with FHD have been treated at least once; 20 patients
continued treatment 10 years or more. Five patients
had professional musician’s dystonia and 15 were
employed in clerical positions. Dystonia types are
shown in Figure 1. Demographic and treatment charac-
teristics are presented in Table 1.
The musicians were more likely to wait longer between

injections (19.9 6 12.4 months for musicians vs. 7.7 6
2.3 for nonmusicians, P < 0.002). There was a trend for
shorter interinjection intervals to be associated with
higher benefit (Pearson ¼ �0.44, 0.05< P < 0.1).
Most patients (11 of 20) experienced mild average ben-

efit (grade 2). Weakness was similarly mild with 9 of 20
reporting an average grade 2 weakness, with no correla-
tion between benefit and weakness. There was a trend
towards larger benefit in women (55.9% 6 15.2% in
women vs. 37.4%6 19.5% in men, P ¼ 0.057).
The patients received a higher mean dose at the end

of the follow-up period compared to the initial treat-
ment (49.9 vs. 24.9 units respectively, P < 0.00005).
Since the first dose is typically purposefully low, we
repeated the analysis excluding the first injection, with
similar results (49.9 vs. 31.0 units, P < 0.002). The
benefit was higher with the last injection compared to
the initial (47.3% vs. 26%, P ¼ 0.039). No significant
correlation was found between dose and benefit at
each visit, or between dose and weakness.
To evaluate possible outcome predictors, we per-

formed subanalyses looking at the number of muscle
groups injected, divided into: supinator or pronator,
hand intrinsics, forearm flexors, forearm extensors, and
proximal muscles. Eighteen of twenty patients had
involvement of the forearm flexors, 16 of the exten-
sors, 9 of the intrinsic hand muscles, 6 of the pronators
or supinators, and 4 of proximal arm or shoulder
muscles. Most patients had involvement of more than

one muscle group, average 1.7 6 0.8 in musicians ver-
sus 3.1 6 0.8 in nonmusicians, P ¼ 0.003. This num-
ber did not correlate with either benefit or weakness.
No patients developed immunity over the duration of

follow-up. All patients tolerated the discomfort of multi-
ple injections well; none discontinued treatment due to
discomfort. There were no serious adverse effects.
Eleven of the 20 patients are still receiving injections

in our clinic. Two patients discontinued treatment due
to insufficient response after 5 and 26 visits, respec-
tively. Two moved out of the area and five were lost to
follow-up.
We compared this group with the patients who had

less than 10 years of treatment. Among the latter, a
higher proportion were professional musicians (58%
vs. 25%). The patients who discontinued therapy after
less than 10 years had significantly lower benefit with
the last injection (32% vs. 47.2%, P < 0.005), and the
most common reason for discontinuation was insuffi-
cient benefit (62.5%).

Discussion
This is the largest FHD cohort with the longest follow-

up period reported to date. Few prior reports focused on
FHD; most included only a few patients in larger dystonia
populations and none followed subjects for as long as 10
years.8–11 We previously published the 6-year outcome in
our cohort5 and Marion et al. reported 9 patients fol-
lowed for 5 years or more.12 This study extends observa-
tion to a larger cohort and longer follow-up.
Our patients were demographically typical of the

FHD population, with writer’s cramp the most common
type. There was large variability in the frequency of
treatments, likely reflecting the fact that while FHD
makes particular activities difficult or impossible, it is
not otherwise disabling or painful. Patients therefore of-
ten tolerate the symptoms and arrange their injections
based on anticipated activities. Professional musicians
often timed treatments to obtain peak effect around
scheduled performances. Since BoNT effects lasted on
average 3 months, the long interval between injections is
not related to an extended duration of action.
There was a trend for higher benefit in patients

returning for treatments at shorter intervals. It is

FIG. 1. Distribution of patients by FHD type.

Table 1. Patient demographics and treatment
characteristics

Variable Value

Total number of patients 20
Gender, n (%), male/female 15 (75)/5 (25)
Age at first injection (yrs, avg. 6 STD) 46.6 6 9.45
Age at dystonia onset (yrs, avg. 6 STD) 37.1 6 9.8
Duration of follow-up (yrs, avg. 6 STD) 13.6 6 2.5
Number of visits (avg. 6 STD) 19.7 6 9.9
Average dose (BoNT A units 6 STD) 46.4 6 24.6
Interinjection interval (avg. 6 STD) 11.3 6 8.8
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possible that earlier reinjection enhances residual benefit
from prior treatments. As noted in earlier studies,5,13

we found no correlation between dose and benefit.
Accurate selection, localization and dose adjustments
are likely more important outcome determinants.14,15

Our cohort required a gradual increase in dose over
time. This is only partly explained by the choice of a
low initial dose, since the gradual increase continued
over the later years of treatment. As benefit also
increased, it is possible that tolerance led to less weak-
ness with a given dose, allowing higher doses and
improved benefit. This dynamic has been seen in some
previous studies,8 but not in others.5,16

There is a large range of response to BoNT injec-
tions. We were unable to identify factors that predict
an individual’s response, other than a strong tendency
for women to respond better, possibly explained by a
smaller muscle mass allowing the toxin to diffuse more
readily to the motor endplate in women. Previous stud-
ies proposed an inverse relation between dystonia com-
plexity and benefit, with subjects requiring injection of
more muscles benefiting less.7,17 We did not confirm
this, finding no such correlation.
The professional musicians in our cohort required injec-

tion of fewer muscles, possibly reflecting the exquisite
task specificity of musician’s dystonia. The need to main-
tain finely skilled motor control and to minimize weak-
ness is crucial for musicians,18–20 and the fewer muscles
injected might also reflect the need to minimize weakness.
We also note a smaller proportion of musicians among
the patients continuing treatment more than 10 years
compared to the rest of our cohort, which may be indica-
tive of a higher threshold for satisfactory benefit.
None of the patients followed for more than 10 years

developed immunity despite exposure to the first Botox
(Allergan) batch, which was associated with antibodies
developing in 10% of cervical dystonia treatments. The
newer formulation is less immunogenic,21 and immunore-
sistance tends to develop in the first 4 years of treatment.22

We show that the risk of developing immunoresistance af-
ter more than one decade of FHD treatment is low.
Among the patients who stopped BoNT therapy while

under our care, the most common reason was insufficient
benefit. The average benefit at the last visit before stop-
ping was significantly lower than the average benefit in
patients continuing therapy for more than 10 years, sug-
gesting that magnitude of benefit is an important factor
determining continuation of therapy.
It is important to analyze the long-term outcome

data for FHD separate from other dystonias, since the
BoNT response rates differ. FHD has a lower overall
response rate, with about 50% of patients receiving at
least mild benefit compared to 80% for cervical dysto-
nia and over 90% for blepharospasm.23,24

This study is limited in that it is retrospective and
uncontrolled, which limits the strength of any conclu-
sion. In addition, our primary outcome assessments are

self-reported scales of benefit and weakness. All FHD
research shares this limitation, as there are no widely
accepted rating scales applicable to all FHD types.
Patients continued therapy for over 10 years in spite of

only mild benefit, suggesting that even partial improve-
ment may be worthwhile. BoNT injections maintained
efficacy for over a decade, with good tolerability and no
new side effects emergent with long-term treatment.
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ABSTRACT
Background: We describe a patient with clinical and ra-
diological findings suggestive of multiple system atro-
phy of the cerebellar subtype (MSA-C). Methods/
Results: Sequencing of the polymerase-c 1 (POLG1)
gene revealed the patient had compound heterozygous
mutations of the POLG1 gene. Muscle biopsy revealed
the presence of multiple mitochondrial DNA deletions
and depletion, confirming the pathogenic nature of the
POLG1 mutations. Discussion: This case expands the
spectrum of phenotypes associated with POLG1 muta-
tions to include multiple system atrophy and prompts
further consideration regarding whether routine screen-
ing for POLG1 mutations is indicated in this patient
population. VC 2011 Movement Disorder Society

Key Words: mitochondrial disease; multiple system
atrophy; polymerase gamma gene; parkinsonism; ataxia

Mitochondrial disorders can result from either pri-
mary defects in the mitochondrial DNA (mtDNA) or
defects in nuclear encoded proteins that affect mtDNA
structure or function. The maintenance of mtDNA rep-
lication is critically dependent upon mtDNA polymer-
ase-c,1 encoded by the nuclear genes POLG1 and
POLG2. Mutations in POLG1 have been described in
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patients with diverse clinical presentations that include
parkinsonism and cerebellar ataxia.2

Here, for the first time, we describe a patient who
presented with clinical and radiological findings sugges-
tive of multiple system atrophy (MSA) of the cerebellar
subtype (MSA-C), but was shown to have mutations of
POLG1. This case highlights the importance of consid-
ering primary mitochondrial disorders in the differential
diagnosis of parkinsonian syndromes.3,4

Case Report
Written informed consent was obtained from the

patient to publish both video and brain imaging results
for this case report. This 58-year-old woman had a pro-
gressive cerebellar syndrome. Her symptoms had started
9 years prior, with imbalance when getting out of a
canoe or when walking up and down stairs. She also
noted poor handwriting and mild incoordination of the
hands. Her speech had become slurred. Her symptoms
worsened toward the end of the day or when she was
fatigued. In addition, the symptoms partially improved
after excluding dietary gluten and she had lost 18 kg
over the previous year. She had mild urinary inconti-
nence when coughing. She has type II diabetes mellitus,
treated with Pioglitazone. There is no history of epi-
lepsy, cognitive problems, visual problems, stroke-like
episodes, hearing problems, or menstrual disturbances.
Her family history revealed that she had a sister who
died at 2 years of age. This child, who was blind, was
never able to roll, sit, or walk independently, and she
also had intractable seizures. No diagnosis was ever
established. The proband’s brother has sensorineural
hearing loss, glaucoma, and adult-onset diabetes melli-
tus requiring treatment with insulin.
On initial examination, 4 years after the onset of her

symptoms, she had slight slowing of vertical saccades
but a full range of eye movements and normal fundi.
She had dysarthria, mild limb dysmetria that was
worse on the left, mild slowing of foot taps bilaterally,
and a mildly impaired tandem gait; tone and reflexes
were normal with flexor plantar responses (see Sup-
porting Information video). Investigations for coeliac
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ABSTRACT
Background: Focal hand dystonia may be task spe-
cific, as is the case with writer’s cramp. In early stages,
task specificity can be so specific that it may be mis-
taken for a psychogenic movement disorder. Methods:
We describe 4 patients who showed extreme task
specificity in writer’s cramp. They initially only had
problems writing either a single letter or number.
Although they were largely thought to be psychogenic,
they progressed to typical writer’s cramp. Conclu-
sions: Early recognition of this condition may provide
an opportunity for early initiation of treatment. VC 2011
Movement Disorder Society

Key Words: dystonia; movement disorders; clinical
neurology

Dystonias are characterized by excessive involuntary
contractions of muscles leading to abnormal postur-
ing. Dystonias that affect discrete body parts, such as
focal hand dystonia (FHD), may be task specific. Typi-
cally, FHD occurs in individuals who repeatedly per-
form very precise tasks for prolonged periods, usually
under stressful conditions. As a result, musicians, typ-
ists, dart throwers, billiard players, and others can be
affected with life-altering dysfunctions. Animal models
have shown the importance of repetitive activities in
the development of writer’s cramp (WC).1 Hereditary
factors are also important.2

Task specificity in FHD is poorly understood. All
other aspects of hand function are usually unaffected
and the neurological examination is normal. Since the
initial recorded description of task specificity in FHD
by Sir Charles Bell3 and the description of WC by
Gowers4 in the 1800s, this specificity has puzzled
clinicians. The unusual task specificity led to it being
classified as a psychogenic movement disorder until
the 1980s, when it was recognized, together with
other dystonias, as an organic entity.5 Here, we
describe 4 patients who had ‘‘extreme task specificity’’
as an early manifestation of WC. Three of the four
initially were thought to have a psychogenic move-
ment disorder.

Patients and Methods

Patient 1

A 55-year-old right-handed Caucasian male pre-
sented with a 1-year history of difficulty in signing his
name. He signed his name 200 to 1,000 times per day
for the past several years under stressful conditions
where deadlines had to be met and employees and
bills had to be paid. His initial symptom was difficulty
with initiating his signature, which starts with the let-
ter ‘‘J’’ (Video 1). Only in the context of signing his
name was this difficult. Initially, when he printed or
wrote this letter in other contexts, there were no
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problems. Later, he began to have trouble with the let-
ter ‘‘J’’ even in other contexts, and a diagnosis of WC
was more obvious.
On examination, he used excessive pressure while

writing and had mirror movements with his right
hand when he wrote with the left; his neurological ex-
amination was otherwise normal. Using a stamp to
sign his name has been very helpful.

Patient 2

A 49-year-old left-handed Caucasian male pre-
sented with a 3-year history of progressive difficulty
in writing the number ‘‘7.’’ He only had trouble
making the vertical line down. This progressed to
involve the number ‘‘9’’ and the letter ‘‘C,’’ in the
same manner. He felt a cramping sensation in the
forearm while making these vertical lines. Writing
the number ‘‘1’’ was not a problem. He later had
difficulty with all aspects of writing (Video 2). He
was a mechanic for over 20 years. Three years ago,
he started carving birds for 2 hours daily. His free
time was spent carving, which required him to make
very precise short vertical movements with his hands,
using the right index finger and thumb to stabilize
the carving tool. He had to be gentle yet forceful
when making these repetitive movements of the arm,
hand, wrist, and finger. Ultimately, he had difficulty
carving.
His neurological examination showed mirror move-

ments in his left hand while writing with his right
hand. He held the pen in an awkward position with
fingers and wrists flexed (Video 2). He stretched his
hands frequently while writing.
He tried medicines without benefit, including primi-

done, gabapentin, propranolol, or carbidopa/levodopa.
He was told by physicians, neurologists, and psychia-
trists that the ailment was psychological. Approxi-
mately 2 years after the onset of symptoms, he was
diagnosed with WC. Currently, using a thick pen helps
alleviate the cramping sensation and carving remains a
problem.

Patient 3

A 52-year-old right-handed Caucasian woman pre-
sented with a 10-year history of trouble writing the
letters ‘‘m’’ and ‘‘n.’’ She was an accounting executive
and her job required a great deal of writing with lots
of stress and frequent deadlines. She worked 70 to 80
hours weekly. The writing later affected all letters and
numbers, and she had difficulty writing even short
thank-you notes and frequently broke pens because of
the amount of pressure she exerted. She never had dif-
ficulty writing on a blackboard. Her ability to play the
piano was unaffected. She had normal electrodiagnos-
tic studies and MRI of the brain and cervical spine.
She saw many physicians and her symptoms were con-

sidered a manifestation of underlying emotional stress,
so she stopped working.
Her neurological examination was normal. With

writing, her thumb, fingers, and wrist flexed and she
felt a cramping sensation in her forearm (Video 3).
She used excessive pressure when writing. With con-
tinued writing, the pen fell out of her hand. She had
mirror movements with her right hand as she wrote
with her left.

Patient 4

A 52-year-old right-handed Caucasian man pre-
sented with an 8-year history of trouble writing. He
was an accountant and cartographer for the
National Guard. He participated in daily drills
where he had to make a dot on a map and circle
the dot and then write a couple of words where
bombing practice was to occur. Although these were
just practice drills, they were very tense situations.
He started having difficulty making the dot. He
would try to make a dot, but could not place the
pen on the map. His superiors told him the problem
was stress related. He soon developed difficulty writ-
ing words. He then sought the help of physicians,
psychiatrists, and orthopedic surgeons without any
answers. He was also a banjo player, and subse-
quently noticed that his fingers would curl while
playing. He was diagnosed with FHD approximately
11 years after onset.
The patient’s neurological examination was notable

for awkward posturing with hyperextension at the
wrist joint and fingers, causing frequent change in his
grip while writing (Video 4). With playing the banjo,
his fingers curled and he was unable to extend them
(Video 4). He had mirror movements with the right
hand while he wrote with the left hand.
For several years BTX helped, but this later became

ineffective. He has stopped playing the banjo and
began typing.

Discussion and Conclusion
Although task specificity in focal dystonias is a

well-known phenomenon, the nature of this specific-
ity is not well understood. Because of the curious na-
ture of task specificity, patients are sometimes
thought to have a psychogenic problem, leading to
significant frustration until a diagnosis is established.
Only 1 of the 4 patients was diagnosed in a rela-
tively short period of time. The other 3 patients went
from one physician to the next until a diagnosis was
established. In one case, it took more than 10 years.
Early recognition can be life altering,6 may decrease
frustration in an already disheartened individual, and
may allow the patient to function with appropriate
treatment.
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Some clinicians may argue that patient 1 may have
had writer’s block, which might be a psychological
phenomenon, but WC would seem more likely. Pres-
sured writing and history of repetitive movement are
seen in patients with WC. The development of dysto-
nia in the right hand when he was asked to write with
the left hand represents a phenomenon called ‘‘mirror
dystonia,’’ which is frequently seen in patients with
WC. Jedynak et al. reported that it was seen in 44%
of the 65 patients they studied with WC.7 This patient
represents a good example of how WC diagnosis can
be confusing, even for experts, in the earliest stage of
the disease.
In the etiology of FHD and WC, performing a very

precise repetitive task for prolonged periods is a fre-
quent trigger. Epidemiological studies in musicians
who are required to perform very precise repetitive
movements for prolonged periods under stressful con-
ditions8 have supported this notion. The importance
of performing repetitive activity in patients with WC
was recognized even in the earliest description of the
disease in the late 1800s.4 All 4 of our patients per-
formed repetitive activities for long periods. For
patient 2, daily carving and mechanical activities may
have triggered the FHD. None of our patients had
affected family members.
Unusual task specificity can be seen in other focal

dystonias and can be considered bizarre, leading to a
psychogenic diagnosis. Perhaps it was this bizarre
exceptional specificity that led to the descriptive term
‘‘professional neuroses,’’ which was later confused as
a psychological phenomenon.9 Unusual task specificity
can be seen in many focal dystonias.10–14 With em-
bouchure dystonia, trumpet players may begin with
dystonia with certain ranges of notes, which later gen-
eralizes to all notes.14 The underlying mechanism lead-
ing to loss of specificity over time is not clear. Loss of
surround inhibition in patients with FHD may lead to
abnormal plasticity of other parts of the brain over
time.15

It is important for physicians and, especially, neurol-
ogists and psychiatrists to be wary of the fact that
WC can start as a very task-specific problem involving
only a single letter or number in patients performing
repetitive writing or fine motor tasks during stressful
situations. Early recognition can help allay frustration
for patients and provide some explanation to an al-
ready disheartened individual.

Legends to the Video
Video 1. Extreme task-specificity in writer’s cramp:

video 1. Dystonic features of patient 1 are depicted

here. He uses excessive pressure when he writes, as
noted by his hands turning red while writing.
Video 2. Extreme task specificity in writer’s cramp:

video 2. There are two video clips of the patient
depicting dystonic features. The first clip demonstrates
the problems with writing certain numbers. The sec-
ond clip is a follow-up after more than 1 year, which
illustrates his writing posture with generalized writer’s
cramp.
Video 3. Extreme task specificity in writer’s cramp:

video 3. Dystonic features of patient 3 are depicted
here. She had to change her handgrip to allow her to
write. The video depicts the only hand grip that
would allow her to write. Otherwise, she is unable to
write.
Video 4. Extreme task specificity in writer’s

cramp: video 4. Dystonic features of patient 4 are
depicted here. The first video clip illustrates the
problems with writing and the second with playing
the banjo.
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