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Abstract
Background
Because of the high degree of disability in multiple sclerosis (MS) patients,
minimizing injury occurrence is essential for preserving quality of life.
Objectives
By documenting the incidence of particular injuries, establishing relative risks
of particular injuries in different subsets of MS patients and analyzing when
the injuries occurred following diagnosis, we aim to provide information to encourage injury prevention recommendations and to provide preliminary data
for further clinical research.
Methods
This study utilized a questionnaire consisting of 40 fill-in-the-blank or multiple
choice questions. It was administered to previously diagnosed MS patients at
office visits, infusion center visits, hospital stays, MS clinic visits and MS support groups.
Results
The years following definite MS diagnosis with the highest injury rates
(injuries/people years lived) were 25 years or more (0.0594 injuries/year, 95%
CI [0.0771 - 0.0449]). In addition, people below the age of 40 have nearly a
doubled risk of injury compared to people above the age of 40 (p=0.033).
Primary progressive MS patients had the greatest past incidence of fractures,
55.6% (5/9) (p=0.033). Patients reported that only 17.4% (19/109) of injuries
occurred during exercise.
Conclusions
Overall, risk factors for injury include male gender, living longer with MS, being younger and having the diagnosis of primary progressive MS. Patient
education, along with specific treatments and regimented physical activity,
can lead to a more robust and injury free lifestyle in this patient population.
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Introduction
Multiple sclerosis (MS) is a disease characterized by demyelination in the central nervous system leading to variable motor, sensory, vestibular, and ophthalmic symptomotology as well as variable cognitive impairment.1 The combination of systemic and
cognitive dysfunction among MS patients
has the potential to severely limit the ability
to live a full and productive life,2,3 particularly as the disease progresses. On top of the
range of disabilities this patient population
experiences, injuries also detract from quality of life and day to day functioning. A
small number of studies thus far has focused
on documenting injuries among MS patients,4-8 none of which has detailed the patterns and types of injuries that occur in this
patient population.
While extensive research exists on the etiology and physical and cognitive symptomotology of MS, there is very little evidence indicating central nervous system trauma has anything to do with MS.9 In fact, head trauma
has been shown to have no significant correlation with subsequent development of MS
later in life.10,11 Although no cure for MS
currently exists, quality of life is an important factor in analysis of MS progression
as evidenced by the quality of life scales that
currently exist (such as the MSQOL-54, MusiQoL, and the MSQLI scales). While a curative therapy may exist in the future, it is important to consider the quality of life of patients living with the disease now. Moreover, there is a lack of scientific evidence
available at this time for the construction of
injury prevention and quality of life improvement strategies for MS patients.
It is known that MS patients have difficulty
maintaining balance and strength and that
this may lead to a high rate of falls and injuries.4,12 It has been previously suggested that

the variables most correlated with falls are
balance, proprioception, use of a walking aid,
and ability to walk.13,14 Additionally, it has
been previously shown that patients with spinal cord disease, including MS, suffer from a
higher rate of fractures.5 This could be due
to the high rate of falls compounded by poor
bone health in MS patients;15-20 in one recent
study up to 27% of MS patients reported low
bone density.21 MS patients frequently have
severe gait abnormalities, even early on in
the disease.22-24
Another recent study
showed that there were significantly more
hip fractures in MS patients compared to the
general population, using a novel fracture
risk score calculator.25 The combination of
poor bone health, gait disability, and diminished coordination suggests both a susceptibility to bone breaks and poor bone healing.
Preventing injuries, particularly bone breaks,
is an important part of improving the quality
of life among MS patients. Keeping patients
active increases their quality of life26 and
benefits them in the long term by keeping
them in better physical shape and preserving
muscle strength and flexibility.27-30 In combination with traditional treatment strategies,
preventative lifestyle changes will likely ease
the management of the disease, better the
long-term prognosis, and decrease the number of injuries which could occur in MS patients.
In this study we focus on the types, patterns,
and incidence of orthopedic injuries occurring in MS patients from central Massachusetts who are actively being treated or are
attending support groups for the disease. By
documenting the incidence of particular injuries, establishing relative risks of particular
injuries in different groups, and analyzing
when the injuries occurred following diagnosis, we aim to provide information to help
encourage injury prevention recommendations and to provide preliminary data for fur13
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ther clinical research. Due to the lack of
clinical research in this area of injury incidence and prevention in MS patients, this
study should be considered for future reference and for patients’ and doctors’ education
in terms of maintaining patients’ quality of
life and avoiding unnecessary injuries.
Materials and Methods
This study utilized a hard copy paper questionnaire constructed by the primary investigator. The research design and questionnaire
were approved by the University of Massachusetts Medical School Internal Review
Board to meet exemption requirements. Because of the anonymity of the questionnaire
and the minimally invasive nature of the
study, no consent forms were deemed necessary from the respondents.
The questionnaire consisted of 40 fill-in-theblank or multiple choice questions. Measured variables included sex, body mass index
(BMI), MS classification based on standard
assessments, age at diagnosis, active treatment type, ability to ambulate, cause of injury, site of injury, and treatment of the injuries
which included bone fractures, ligament injuries (sprains), muscle injuries (strains), cartilage injuries, and head trauma.
There were two means by which the questionnaire was administered to the MS patients. If the setting permitted enough privacy, the primary investigator or attending neurologist would personally ask the patient respondent the questions on the sheet, clarifying any questions the respondent might have
as the questionnaire was systematically filled
out. Secondly, if the setting did not have
enough patient privacy to talk aloud, the patient was handed the questionnaire and asked
to fill it out to the best of his/her ability. In
most settings the primary investigator was
present to answer any questions the respond-

ents might have.
Settings at which the questionnaire was administered included office visits, infusion
center visits, hospital in-patients, MS clinic
visits, and MS support groups. To avoid selection bias within this patient population,
any previously diagnosed MS patient present
at these places during the time at which the
questionnaire was being administered was
offered the chance to participate. It was
made known to the potential respondents at
that time that the research was anonymous
and that their participation was completely
optional and would in no way affect their
visit or treatment.
Statistics are reported with two tailed binomial 95% confidence intervals (CI a-b%) and
95% p values. 2 by 2 tables were calculated
using Fisher exact tests. Fisher Freeman
Halton exact (FFH) or Kruskal Wallis (KW)
tests were used for 3 by 2 tables.
Results
The questionnaire was administered to 105
patients during an eight week period, all of
whom filled out at least some of the first
page of general information.
This study found that 56% of patients reported having suffered at least one orthopedic
injury at some point after diagnosis with MS.
27% of respondents reported having suffered
multiple orthopedic injuries since their diagnosis with MS. The most common injury
was a bone fracture (35% of all injuries)
while the least common was a cartilage injury (Figure 1). 75% of injured people said
they were undergoing active treatment at the
time of injury, and 86% of all respondents
had undergone active MS treatment at some
point in their lives.
Of the 23 men who responded, 52% reported
14
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Injury Totals
Bone
Muscle
Ligament
Head trauma
Cartilage

38
21
22
18
10

34.86%
19.27%
20.18%
16.51%
9.17%

Total

109

100.00%

Figure 1

having suffered an injury; among the 79 females, 57% reported having suffered an injury at some point after their diagnosis with
MS. Gender was not a statistically significant prognostic indicator of overall injury
risk. The male/female ratio, 0.291, generally
approximated the percentage of males and
females with MS. Gender was close to sig-

nificantly correlated with the risk of injuries
due to falls. Compared to females, males
had a 4.8 [p=0.082, 0.96-28.42] relative risk
of having a bone break or head injury due to
a fall. Males also had a 2.2 [p=0.069, 1.054.13] relative risk of muscle injury compared
to females.
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Years with MS Range People Years Lived Injuries Injuries/Year in Range
Below 25
25 and above

891
79

53
8

0.059483726
0.101265823

95% CI
[0.0771 - 0.0449]
[0.190 - 0.0447]

Figure 2

Injuries in people who were ambulatory at
the time of their injury were not significantly
correlated with falls compared to injuries
which occurred in non-ambulatory people.
This is shown by an injury due to fall relative
risk of 1.02 [p=1.00, 0.88-1.34] for people
who were ambulatory compared to people
who were not. This suggests that people who
are ambulatory (with or without an assistive
device such as canes or walkers) are at no
more of a risk for a fall injury than people
who could not ambulate. The falls in people
who cannot ambulate may result from brief
episodes of attempted ambulation at home,
transferring injuries or other situations in
which they tried to maneuver without the
ability to use an assistive device.

The status of MS diagnosis had no statistical
significance as a predictor of whether or not
the patient had suffered any injury in the
past, up to the date of the study. The bulk of
participants (71%) reported that they had relapsing/remitting MS (RRMS) at the time of
the study. 12% reported to have secondary
progressive MS (SPMS) at the time of the
study. Only 9% reported being diagnosed
with primary progressive MS (PPMS) and
8% said they did not know what type they
had. 36 of 72 people (50%) with RRMS reported to have suffered an injury at some
point since their original diagnosis. 6 of the
9 (67%) PPMS respondents and 8 of the 12
(78%) SPMS reported an injury had occurred
since their diagnosis with MS.
16
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Years with MS Range People Years Lived Injuries Injuries/Year in Range
0-8 years
9-16 years
17-24 years
25-32 years
33-40 years

538
250
103
53
26

33
14
6
6
2

0.0613
0.0560
0.0583
0.113
0.0769

95% CI
[0.0426 - 0.0851]
[0.0309 - 0.0922]
[0.0217 - 0.122]
[0.0427 - 0.230]
[0.00946 - 0.251]

Figure 3

Within bone fractures, the type of diagnosed
MS did have a significant correlation with
whether or not the patient had been injured in
the past, up to the date of the study. PPMS
patients had the greatest past incidence of
fractures, 55.6% (5/9) (FFH p=0.033). Of
the RRMS patients, 23% (17/72) had suffered a fracture. Of the SPMS patients, 50%
(6/12) had suffered a fracture at some point
during their MS disease course.
PPMS patients also had a higher past incidence (KW p=0.068) of ligament injury (3/9,
33%), than RRMS (9/72, 12.5%) or SPMS
(3/12, 20%) patients.

The years after diagnosis with the highest
injury rates (injuries/people years lived) were
25 years and up (8 injuries occurred in 79
total lived-years) (Figure 2). The injury rate
per years after diagnosis showed a general
trend of increased relative risk above 25
years with the disease (Figure 3).
The analysis of injuries which occur at different age ranges suggests that injuries occur
more often when patients are younger. People below the age of 40 have almost a doubled risk of injury compared to people above
the age of 40 (Figure 4). There is a general
decrease in incidence until sometime in the
17
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Age Range
Below 40
Above 40

People Years Lived Injuries Injury Rate in Range
349
582

37
36

0.106
0.0618

95% CI
[0.0757 - 0.143]
[.0437 - .0846]

Figure 4

50s when the risk of injury increases again
(Figure 5).

correlation with injury risk or frequency
overall.

Patients reported that only 17.4% (19/109) of
injuries occurred during exercise.
65%
(71/109) of the injuries occurred during dayto-day activities which were listed as at
work, at home, out of the house doing errands, or out of the house socially.

Discussion

Patients reported a variety of medications
that they were currently taking. The questionnaire did not allow for specific
timeframes of injuries correlated with medication use.
BMI, height, and weight had no significant

MS patients are an at-risk population for suffering injuries to bone, muscle, ligament, and
cartilage. This is due to a hampered ability
to balance correctly, decreased strength, sensory loss, and impaired cognition. Shown in
Figure 3, injuries in MS patients occur with
an increased frequency as the disease progresses. This increased risk may reflect the
cumulative increased axonal damage present
during the later stages of MS disease progression.31-33 With increased axonal damage,
patients are less able to balance and ambulate
18
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Age Range
17-28
29-40
41-52
53-64
65-76

People Years Lived Injuries Injury Rate in Range
55
294
336
189
47

10
27
15
19
2

0.182
0.0918
0.0446
0.101
0.0426

95% CI
[0.0908 - 0.309]
[0.0614 -0.131]
[0.0252 - 0.0726]
[0.0616 - 0.153]
[0.00519 - 0.145]

Figure 5

well, possibly leading to a greater risk of injury.
The analysis of occurrence of injuries within
age ranges shows that younger patients are
more at risk than older patients. It is difficult
to ascertain the exact causes of this increased
risk, but it is almost certainly multi-factorial.
Physical activity level, lifestyle, and employment may all play a role in putting the
younger population at a higher risk of injury.
This may indicate that this younger age range
could benefit from injury prevention education and directives for stopping accidents

from occurring at work and at home. The
second rise in injury risk in the age range of
53 – 64 years of age may be indicative of
increased disease progression as discussed
previously. This increased risk may be less
preventable due to greater disability that goes
hand in hand with disease progression.
The risk of fractures and head injuries due to
falls is greater in men than it is in women.
This increased risk suggests that these injuries in males may be avoided if fall rates
could be decreased.
19
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The data also indicate that PPMS patients
may be at a higher risk of fracturing bones
and injuring ligaments compared to RRMS
and SPMS patients. Since these data take
into account any injury which has occurred
before the study, SPMS patients could have
had injuries during a period of time when
they had RRMS. PPMS patients, however,
show an increased risk over both of these
other two groups, perhaps reflecting the more
severe nature of this subtype. Since there is
no diagnostic stage of MS preceding PPMS,
the injury rate within this group is an accurate estimate.
Supervised exercise programs may help reduce injury rates and enhance quality of
life.26-30 A Cochrane Database review published in 2005 indicated that exercise therapy
in MS patients could improve stamina, muscle strength, overall mobility, and potentially
mood in some cases. In addition, the
Cochrane review found no negative effects of
exercise on MS patients.34 Since our study
showed that the percentage of injuries which
occurred during exercise is less than 20%,
the benefits of exercise most likely outweigh
the inherent risks. In addition to exercise,
preventative measures such as monitoring
bone health with bone density scans, obtaining vitamin D levels, and supplementation
when necessary may reduce risk of fractures
by doing everything possible to maintain
bone health.
There are several shortcomings inherent
within this study. The use of a questionnaire
allows for a large range of reported information which can introduce non-differential
bias. Since all of the information is patient
recall, the accuracy of the raw data could be
questioned. The size of the study is relatively small, which decreases the overall power
and generalizability. Fatal injuries were not
counted in this study due to the methodology
employed. It has been previously shown that

MS patients suffer fatal injuries at a higher
rate than the general population.6 Although
the frequency of fatal injury is probably very
low compared to the frequency of all other
injuries, it should be noted that those injuries
may be missing.
Further large scale prospective studies evaluating potential co-morbid and co-incident
injury associations with MS treatments may
be warranted. This study found that BMI
had no significant correlation with injury
risk. Also, there is little written about the
potential for MS drugs possibly being
comorbid with increased risk of injury or
changes in quality of life. Research into this
area is essential to provide MS patients with
the most sensible and safest options for treatment. Specific drugs that could be studied
include steroids, interferons, glatiramer acetate, and nataluzimab as potential comorbid
factors associated with injury risk among MS
patients. Although this study did document
whether or not the patients were on active
drug regimes at the time of injury, not
enough specific chronological data were collected to determine the risks of injuries for
each treatment. Alternatively, future studies
to directly assess exercise and/or physical
activity correlated with injury risk may be
appropriate.
Recommendations
1) Injury prevention education for patients
less than 40 years of age may help reduce the
risk of trauma associated with MS. 2) Men
in particular should be assessed for fall-risk
and should be encouraged to use assistive
devices in the home and at work. 3) Caregivers should be wary of any MS patient diagnosed with PPMS, as they are at a higher
injury risk. 4) Exercise should be strongly
encouraged in MS patients since the benefits
seem to far outweigh the risks of concurrent
injury. 5) Vitamin D levels and bone scans
20
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may help reduce the risk of fractures in MS
patients through early intervention strategies.
Conclusion
The injury rates detailed here show that MS
patients suffer many types of orthopedic injuries, predominantly bone fractures. Overall, the risk factors include the male gender,
living longer with MS, being younger, and
having the diagnosis of PPMS. If a patient
falls into any of these categories, clinicians
and caregivers must take extra care in helping patients avoid potential injury risks and
in educating those patients about the debilitating aspects of living with MS.
References
1. Lublin FD. Clinical features and diagnosis
of multiple sclerosis. Neurol Clin
2005;23:1-15, v., http://
dx.doi.org/10.1016/j.ncl.2004.09.003
2. Cohen BA. Identification, causation, alleviation, and prevention of complications
(ICAP): an approach to symptom and disability management in multiple sclerosis.
Neurology 2008;71:S14-20, http://
dx.doi.org/10.1212/
WNL.0b013e31818f3da5
3. Shnek ZM, Foley FW, LaRocca NG, et al.
Helplessness, self-efficacy, cognitive distortions, and depression in multiple sclerosis and spinal cord injury. Ann Behav
Med 1997;19:287-294.
4. Peterson EW, Cho CC, von Koch L, Finlayson ML. Injurious falls among middle
aged and older adults with multiple sclerosis. Arch Phys Med Rehabil 2008;89:1031
-1037, http://dx.doi.org/10.1016/
j.apmr.2007.10.043
5. Logan WC Jr, Sloane R, Lyles KW, Goldstein B, Hoenig HM. Incidence of fractures in a cohort of veterans with chronic
multiple sclerosis or traumatic spinal cord
injury. Arch Phys Med Rehabil

2008;89:237-243, http://
dx.doi.org/10.1016/j.apmr.2007.08.144
6. Brønnum-Hansen H, Hansen T, KochHenriksen N, Stenager E. Fatal accidents
among Danes with multiple sclerosis.
Mult Scler 2006;12:329-332, http://
dx.doi.org/10.1191/135248506ms1280oa
7. Bazelier MT, de Vries F, Bentzen J, et al.
Incidence of fractures in patients with
multiple sclerosis: the Danish National
Health Registers. Mult Scler 2012;18:622627, http://
dx.doi.org/10.1177/1352458512442755
8. Bazelier MT, van Staa TP, Uitdehaag BM,
et al. Risk of fractures in patients with
multiple sclerosis: a population-based cohort study. Neurology 2012;78:19671973, http://dx.doi.org/10.1212/
WNL.0b013e318259e0ff
9. Poser CM. The role of trauma in the pathogenesis of multiple sclerosis: a review.
Clin Neurol Neurosurg 1994;96:103-110,
http://dx.doi.org/10.1016/0303-8467(94)
90042-6
10. Pfleger CC, Koch-Henriksen N, Stenager
E, Flachs EM, Johansen C. Head injury is
not a risk factor for multiple sclerosis: a
prospective cohort study. Mult Scler
2009;15:294-298, http://
dx.doi.org/10.1177/1352458508099475
11. Goldacre MJ, Abisgold JD, Yeates DG,
Seagroatt V. Risk of multiple sclerosis
after head injury: record linkage study. J
Neurol Neurosurg Psychiatry
2006;77:351-353, http://
dx.doi.org/10.1136/jnnp.2005.077693
12. Finlayson ML, Peterson EW, Cho CC.
Risk factors for falling among people
aged 45 to 90 years with multiple sclerosis. Arch Phys Med Rehabil 2006;87: p.
1274-1279; quiz 1287, http://
dx.doi.org/10.1016/j.apmr.2006.06.002
13. Cattaneo D, De Nuzzo C, Fascia T,
Macalli M, Pisoni I, Cardini R. Risks of
falls in subjects with multiple sclerosis.
Arch Phys Med Rehabil 2002;83:86421

Mandell and Tosches: Traumatic Injuries Among Multiple Sclerosis Patients
Neurol. Bull. 4: 12-23, 2012
doi:10.7191/neurol_bull.2012.1038

867, http://dx.doi.org/10.1053/
apmr.2002.32825
14. Nilsagård Y, Lundholm C, Denison E,
Gunnarsson LG. Predicting accidental
falls in people with multiple sclerosis -- a
longitudinal study. Clin Rehabil
2009;23:259-269, http://
dx.doi.org/10.1177/0269215508095087
15. Steffensen LH, Mellgren SI, Kampman
MT. Predictors and prevalence of low
bone mineral density in fully ambulatory
persons with multiple sclerosis. J Neurol
2010;257: p. 410-418, http://
dx.doi.org/10.1007/s00415-009-5337-6
16. Ozgocmen S, Bulut S, Ilhan N, Gulkesen
A, Ardicoglu O, Ozkan Y. Vitamin D
deficiency and reduced bone mineral
density in multiple sclerosis: effect of
ambulatory status and functional capacity. J Bone Miner Metab 2005;23:309313, http://dx.doi.org/10.1007/s00774005-0604-9
17. Nieves J, Cosman F, Herbert J, Shen V,
Lindsay R. High prevalence of vitamin D
deficiency and reduced bone mass in
multiple sclerosis. Neurology
1994;44:1687-1692, http://
dx.doi.org/10.1212/WNL.44.9.1687
18. Cosman F, Nieves J, Komar L, et al.
Fracture history and bone loss in patients
with MS. Neurology 1998;51:1161-1165,
http://dx.doi.org/10.1212/
WNL.51.4.1161
19. Weinstock-Guttman B, Gallagher E,
Baier M, et al. Risk of bone loss in men
with multiple sclerosis. Mult Scler
2004;10:170-175, http://
dx.doi.org/10.1191/1352458504ms993oa
20. Dobson R, Ramagopalan S, Giovannoni
G. Bone health and multiple sclerosis.
Mult Scler 2012;18:1522-1528, http://
dx.doi.org/10.1177/1352458512453362
21. Marrie RA, Cutter G, Tyry T, Vollmer T.
A cross-sectional study of bone health in
multiple sclerosis. Neurology
2009;73:1394-1398, http://

dx.doi.org/10.1212/
WNL.0b013e3181beece8
22. Martin CL, Phillips BA, Kilpatrick TJ, et
al. Gait and balance impairment in early
multiple sclerosis in the absence of clinical disability. Mult Scler 2006;12:620628, http://
dx.doi.org/10.1177/1352458506070658
23. Givon U, Zeilig G, Achiron A. Gait analysis in multiple sclerosis: characterization of temporal-spatial parameters using
GAITRite functional ambulation system.
Gait Posture 2009;29:138-142, http://
dx.doi.org/10.1016/
j.gaitpost.2008.07.011
24. Abou Zeid NE, Weinshenker BG, Keegan BM. Gait apraxia in multiple sclerosis. Can J Neurol Sci 2009;36:562-565.
25. Bazelier MT, van Staa TP, Uitdehaag
BM, et al. A simple score for estimating
the long-term risk of fracture in patients
with multiple sclerosis. Neurology
2012;79: p. 922-928, http://
dx.doi.org/10.1212/
WNL.0b013e318266faae
26. Stroud NM, Minahan CL. The impact of
regular physical activity on fatigue, depression and quality of life in persons
with multiple sclerosis. Health Qual Life
Outcomes 2009;7:68, http://dx.doi.org/
doi:10.1186/1477-7525-7-68
27. Gallien P, Nicolas B, Robineau S, Pétrilli
S, Houedakor J, Durufle A. Physical
training and multiple sclerosis. Ann Readapt Med Phys 2007;50:373-376, 369372, http://dx.doi.org/10.1016/
j.annrmp.2007.04.004
28. Dalgas U, Stenager E, Jakobsen J, et al.
Resistance training improves muscle
strength and functional capacity in multiple sclerosis. Neurology 2009;73:14781484, http://dx.doi.org/10.1212/
WNL.0b013e3181bf98b4
29. Dalgas U, Stenager E, Ingemann-Hansen
T. Multiple sclerosis and physical exercise: recommendations for the applica22

Mandell and Tosches: Traumatic Injuries Among Multiple Sclerosis Patients
Neurol. Bull. 4: 12-23, 2012
doi:10.7191/neurol_bull.2012.1038

tion of resistance-, endurance- and combined training. Mult Scler 2008;14:35-53,
http://
dx.doi.org/10.1177/1352458507079445
30. Cakt BD, Nacir B, Genç H, et al. Cycling
progressive resistance training for people
with multiple sclerosis: a randomized
controlled study. Am J Phys Med Rehabil
2010;89:446-457, http://
dx.doi.org/10.1097/
PHM.0b013e3181d3e71f
31. Tallantyre EC, Bø L, Al-Rawashdeh O,
et al. Clinico-pathological evidence that
axonal loss underlies disability in progressive multiple sclerosis. Mult Scler
2010;16:406-411, http://
dx.doi.org/10.1177/1352458510364992
32. Petzold A, Eikelenboom MJ, Keir G, et
al. Axonal damage accumulates in the
progressive phase of multiple sclerosis:
three year follow up study. J Neurol Neurosurg Psychiatry 2005;76:206-211,
http://dx.doi.org/10.1136/
jnnp.2004.043315
33. Semra YK, Seidi OA, Sharief MK.
Heightened intrathecal release of axonal
cytoskeletal proteins in multiple sclerosis
is associated with progressive disease and
clinical disability. J Neuroimmunol
2002;122: 132-139, http://
dx.doi.org/10.1016/S0165-5728(01)
00455-6
34. Rietberg MB, Brooks D, Uitdehaag BM,
Kwakkel G. Exercise therapy for multiple sclerosis. Cochrane Database Syst
Rev 2005;1:CD003980, http://
dx.doi.org/10.1002/14651858.CD003980
.pub2

Infusion center and MS clinic staff at Milford
Regional Hospital, Dr. Dayaw, M. Callahan,
RN;
Local MS support group leaders in Milford
and Worcester
Disclosure: the authors report no conflicts of interest.
All content in Neurological Bulletin, unless otherwise
noted, is licensed under a Creative Commons
Attribution-Noncommercial-Share Alike License
http://creativecommons.org/licenses/by-nc-sa/3.0/
(ISSN 1942-4043)

Acknowledgement
The University of Massachusetts Summer
Research Fellowship Program;
Department of Neurology, University of
Massachusetts: Dr. Garg, Dr. Riskind;
23

