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Abstract
Study design—Systematic review.

Objective—To systematically review evidence on aging of the body systems after spinal cord
injury (SCI).

Setting—Toronto, Ontario and Vancouver, British Columbia, Canada.

Methods—Electronic databases (MEDLINE/PubMed, CINAHL, EMBASE, and PsycINFO),
were searched for studies published between 1980 and 2009. The search was augmented by
reviewing the reference lists of relevant papers. Non-intervention studies that were longitudinal or
cross-sectional with able-bodied (AB) controls that were at minimum matched on chronological
age were included for review. Levels of evidence were assigned to the study design using a
modified Sackett scale.

Results—Of the 74 studies selected for inclusion, 16 were longitudinal in design. The hypothesis
that SCI represents a model for premature aging is supported by a large proportion of level 5
evidence for the cardiovascular and endocrine systems, level 2, 4 and 5 evidence for the
musculoskeletal system, and limited level 5 evidence for the immune system. Only a few level 4
and 5 studies for the respiratory system were found. The evidence on the genitourinary system,
gastrointestinal system, and for skin and subcutaneous tissues provide level 4 and 5 evidence that
premature aging may not be occurring. The evidence on the nervous system does not provide
evidence of premature aging as a result of SCI.

Conclusions—Premature aging appears to occur in some systems after SCI. Additional
longitudinal studies are required to confirm these findings.
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Introduction

The literature suggests that persons with spinal cord injury (SCI) may be more susceptible to
earlier age-related functional declines when compared to the able-bodied (AB) population,
and that SCI represents a model for premature aging.2 Such premature aging of certain body
systems has been said to occur because of additional stresses extending to physical systems
beyond their ability to repair themselves.2 Although the aging process occurs at varying
rates and at different ages for each individual,# it is generally accepted that bodily functions
reach a maximum capacity before or during early adulthood, before beginning to gradually
decline. This decline is thought to commence at approximately 25 years of age when the
developmental process plateaus and biological capacity has peaked.® This physical peak can
be measured by examining the functioning of the individual organ systems (for example,
cardiovascular capacity via how well the heart can pump blood) or by assessing the
individual’s maximum functional abilities (for example, amount of weight that can be
lifted). After this peak, the body’s reserve capacity of its organ systems begins to drop at a
rate of 1% per year in AB persons. Thus, the average person at age 70 has about 50% of
his/her capacity remaining in each organ system, which does not necessarily present a
problem since all organ systems have “excess reserve” (that is, more cells, structure, and
supportive tissue than is required to meet daily life needs).5 When reserve capacity
diminishes to below 40% of original functioning, however, there is greater chance of
becoming injured, and/or more susceptible to infection or disease.® A SCI results in
physiological and functional changes, and potentially accelerates bodily declines at
approximately the time of injury, after which the effect of aging is said to proceed at a
normal rate.’

Age of SCI-onset may have important consequences on different aspects of health. As there
are increasing numbers of seniors incurring a SCI due to falls, a bi-modal age-of-onset
distribution exists, with the prevalence of SCI peaking among individuals who are 30 and 60
years of age.8 As a result, researchers have been able to investigate and compare age-related
outcomes after SCI. For example, there are a number of studies showing that persons who
incur a SCI at later ages have poorer functional outcomes than those injured at younger ages.
9-11 within a theoretical reserve capacity model of aging that is disrupted by SCI, Adkins’
posits that the impact of injury “‘decreases the further out on the age continuum the injury
occurs’ (p. 5). However, if the injury occurs far enough along the continuum, then even a
minimal change in rate will lower reserve capacity below 40% since capacity is already low.
Further, adults with older ages of SCI-onset may have other pre-existing co-morbidities that
affect outcomes compared to younger adults.®

Fortunately, increases in life expectancy are providing opportunities to clarify the changes to
body systems resulting from SCI, aging, or both. What is clear is that physiologic systems
do deteriorate with age, and this has been well documented in person with SCI.3: 10 They
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may experience upper limb extremity pain,11 12 rapid bone loss in the lower extremities
(that is, hips and knees),13 develop multiple risk factors for cardiovascular disease,14: 15
experience declines in pulmonary function,6 and have recurring problems with the
genitourinaryl’ and gastrointestinall® systems.

The breadth of aging-related issues after SCI is expansive, and there is substantial overlap
from body system to body system. Indeed, difficulties in one area impacts others, resulting
in compromised system functioning.1® Presently, we have a naive understanding what it
means to live long term with SCI, but the field is now at a point where the evidence to-date
can be systematically evaluated to better understand issues associated with aging following
SCI. Hence, the purpose of this evidence-based review is to clarify the role of age (including
age of SCI onset) and years post-injury (YPI) on outcomes, and to determine if premature
aging is occurring for each physiological system.

Materials and methods

A systematic review of all relevant literature published from 1980 through to the end of
December 2009 was conducted using multiple databases (MEDLINE/PubMed, CINAHL,
EMBASE, PsycINFO).20 The key word “spinal cord injuries’ and its variants were used with
the following terms: aging, longitudinal, prospective, and case-control. Reference lists of
relevant articles were reviewed and authors’ names that came up frequently were targeted to
augment the search. The articles considered for review were English non-intervention
studies that had adult (> 18 years) SCI participants with traumatic etiologies comprising at
least 50% of the sample.

With the intention of addressing aging of the body systems after SCI, studies that were
longitudinal (including retrospective cohort data) or prospective in design that had
observations of at least 2 years or more were included for review. However, association
studies were excluded. In order to address the issue of premature aging, cross-sectional
studies with an AB comparison group that was minimally matched on chronological age
were also included. Case studies or studies with limited age-ranges (that is, only persons in
their twenties and/or early thirties, and so on) were excluded except for monozygotic twin
model designs since this design provides some independence from genetic variability and

aging.

After reviewing the abstracts and identifying papers for inclusion, a quality assessment was
conducted on each relevant article using the Downs and Black tool.2! This assessment tool
consists of 27 questions that evaluate the study’s external and internal validity (both bias and
confounding). The last question was modified from a scale of 0-5 to a scale of 0-1, where a
study was provided with a score of 1 if a power calculation or sample size calculation was
present. Conversely, a score of 0 was assigned if there was no power calculation, sample size
calculation or explanation on whether the number of subjects was appropriate. Thus, the
highest score any reviewed article could receive was 28, with a higher score indicating
higher methodological quality.2! Two independent reviewers assessed the quality of the
studies. Discrepancies in scores were resolved by a third reviewer. Five levels of evidence,
based on a modified scale, were used to rank the data?? (see Table 1).

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

Results

Page 4

This search involved reviewing over 17 000 titles and 8400 abstracts. Seventy-four articles
met the inclusion criteria. The articles were categorized according to seven body systems:
cardiovascular and endocrine systems (7= 24), immune system (7= 2), musculoskeletal
system (n= 25), respiratory system (/7= 4), skin and subcutaneous tissues (7= 2),
genitourinary and gastrointestinal systems (/7= 16), and nervous system (n7=4). It should be
noted that some articles overlap across categories. The results presented from each study
primarily focus on the analyses relevant to aging, and the P-values reported in Tables 2-8 are
those reported in the original articles.

Cardiovascular System

Fifteen studies were identified for the cardiovascular systems (see Table 2). There is level 5
evidence that plasma homocysteine levels are higher in persons with SCI (n7= 835)
compared to the AB population (=14 838), with discrepancies greatest in older adults with
SCI (> 50 years).23 Elevated levels of plasma homocysteine have been shown to be a clear
marker for the prediction of vascular disease, although it is unclear if it is the main cause or
only an associated factor.24: 25

There is conflicting level 5 evidence from several studies demonstrating that persons with
SCI have abnormal lipid profiles? 26-33 with some studies?’- 32 33 reporting that total
cholesterol/high-density lipoprotein levels, total cholesterol3® and low-density lipoprotein33
were higher in persons with SCI than in AB controls, while others? 2729 32 found that total
cholesterol, high-density lipoproteins, and low-density lipoprotein levels were lower. It is
possible that lifestyle factors may have accounted for differences across these studies, but
further work is needed to clarify the role of diet and physical activity to aging with SCI.

Another study provides level 5 evidence that C-reactive protein levels are higher in men with
SCI (n=62) compared with AB controls (n7=29), which could also account for the
decreases in total cholesterol, low-density lipoproteins and high-density lipoprotein levels.29
At the same time, increases in C-reactive protein levels may also partly explain why persons
with SCI are nonetheless at increased risk for accelerated atherogenesis.32 As well, one
study provided level 5evidence that persons with SCI (n7= 144) also have greater

atherosclerotic burden compared with an AB reference population (7= 273) (Orakzai et al.
34).

Finally, two studies provide level 5 evidence that when compared with AB controls, men
with complete T6 or above paraplegia (/7= 50) have an abnormal (absent) heart rate response
during exercise, and men with complete tetraplegia (/7= 7) have increased mean arterial
blood pressure.3>: 36 These findings are indicative of altered autonomic control, and may
contribute to changes in cardiovascular health.

Endocrine System

Thirteen studies were identified for the endocrine system (see Table 2). There is level 5
evidence that secretion of testosterone and human growth hormone levels are lower in
persons with SCI compared with AB controls.37-40 Level 5 evidence from two studies37: 41
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suggests that serum insulin like growth factor 1 levels are impaired in persons with SCI
compared to the AB population, and may be a sign of premature aging. There is also level 5
evidence that glucose tolerance is lower after SCI, 2 2942 which concurs with level 5
evidence that diabetes mellitus occurs prematurely in men with SCI (n= 3708) compared
with AB controls (7= 18 018) (Lavela et a/*3). There is level 5 evidence that persons with
SCI have higher levels of fat mass, and experience significantly faster rates of age-related
declines of lean tissue, than in the AB population.26: 27, 42, 44-46 Eina|ly, there is level 5
evidence that basal and resting energy expenditures are lower in mens with SCI (n= 13)
compared with their AB twin.4’

Immune System

Two studies on the immune system after SCI (see Table 3) provide level 5 evidence that this
system is compromised at both the acute and chronic stage of SCI compared to the AB
population,48. 49

Musculoskeletal System

Twenty-five articles were identified relevant to the musculoskeletal system (see Table 4),
which support the notion of premature aging in most areas with a few exceptions. There is
level 4 evidence®9-52 and level 5 evidence>3-53 that there is a rapid loss of bone in the hip
and lower extremities following SCI, and that this bone loss is significantly lower than the
AB population. Within these studies there are also some interesting patterns found in
relation to chronological age and YPI with the extent and rate of system decline. For
instance, three studies provide level 5 evidence that older men and women with SCI may not
experience as rapid of a decline in bone mass compared with AB controls.57: 60. 62
Conversely, there is level 5 evidence that YPI may be more associated with bone loss after
SCI than chronological age,>3 57 therefore suggesting premature aging.

There is level 5 evidence that differences exist in bone geometric indices and in structural
properties in the lower extremities of women with SCI (7= 19) compared with the AB
women (7= 17) (Slade er a/>9). Level 5 evidence from five studies suggests that
biochemical and bone markers in persons with SCI are impaired compared to AB controls,
55,62, 64-66 \yhich contributes to a greater risk for fracture due to the premature development
of osteoporosis. Conversely, there is level 2 (Catz et a/87) and level 5 (Chow er al>%);
(Garland er al®"); (Szollar eral.69-62) evidence that premature aging does not occur in the
lumbar spine after SCI. As well, one study provides level 5 evidence that persons with SCI,
regardless of age or YPI, have increased thoracic kyphosis compared to AB controls.58
However, thoracic kyphosis may also be attributable to muscle changes (that is, innervated
musculature).

With regard to the upper extremities, there is level 2 evidence showing that the incidence of
shoulder pain increases over time in persons with SC1.59: 70 This is supported by level 5
evidence that upper limb pain in men with complete paraplegia who use manual wheelchairs
may be attributed to longer YPI and not to chronological age.”! However, there is also level
2 (Lal”) and level 5 evidence’3 that highlights chronological age as having an important
influence on developing shoulder pain. Finally, there is level 5 evidence that premature aging

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al. Page 6

does not occur in hand grip strength in men with complete paraplegia and that continual
manual wheelchair use may retard this aging process.3% 71

Respiratory System

Four studies on the respiratory system were identified (see Table 5). There is level 4 (Bach
and Wang’) and level 5 evidence’: 76 that sleep disordered breathing as characterized by
sleep apnea, oxygen desaturation, and snoring is more prevalent in SCI populations, and that
it may either increase or persist with the aging process in persons with SCI.74 As well, one
study relying on self-report found that persons with SCI (/7= 408) snored more often, louder,
and commenced at a younger age than AB controls (/7= 339) (Biering-Sorenson F and
Biering-Sorenson M76) which could be interpreted as premature aging. Level of injury,
however, likely plays an important role given that another study found that six patients with
tetraplegia (77 = 16) had oxygen saturation levels below the normative range (7= 12) (Cahan
et al.’>). As well, there is level 5 evidence demonstrating that seated breathing patterns are
compromised immediately post injury in men with tetraplegia (7= 6) compared with AB
controls (7= 18) but appear to recover over time’”.

Skin and Subcutaneous Tissues

Two studies were identified on skin and subcutaneous tissues (see Table 6). There is level 2
evidence indicating that men with SCI (7= 10) have higher, albeit not significant, levels of a
collagen metabolite, glu-gal Hyl, than AB controls (7= 5) (Rodigruez and Claus-Walker’8)
and level 4 evidence from a two-year study that increased excretions of glu-gal Hyl is
significantly associated with development of pressure ulcers in men with SCI (n= 62)
(Rodriguez and Garber).

Genitourinary System

Eleven studies were identified for the genitourinary system (see Table 7). There is level 4
evidence that up until 5 YPI, there are no differences in renal functioning, at which time
functioning has been noticed to decline.8%-82 One study provides level 4 evidence that
repeated episodes of vesicoureteral reflux can cause kidney damage as early as four YPI in
some persons with SCI (7= 32) (Lamid®3). As well, there is level 4 evidence that renal
plasma flow declines until 10 YPI after SCI (7= 1114), at which time a slight reversal
occurs8l, One level 5 study with SCI (7= 400) and AB groups (/7= 287) suggests that age of
onset may be an important factor related to renal functioning.84 It was shown that those
individuals with SCI under 20 years of age or older than 50 had comparable renal
functioning to the AB controls, whereas persons between those ages were more likely to
have impaired functioning. Finally, there is level 5 evidence that men with SCI do not appear
to be at higher risk for the development of prostate cancer compared to the general
population,8-90 but when detected in persons with SCI (7= 7), the cancer may be more
advanced and metastatic than in AB controls (V= 267) (Scott et a/.85).

Gastrointestinal System

Five studies were identified for the gastrointestinal system (see Table 7). A 10-year
longitudinal study provides level 4 evidence that persons with SCI (V= 159) do incur an
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increase in constipation-related symptoms over time.®! It may be that bowel functioning
worsens over time for persons with SCI but three studies®2-94 provide level 5 evidence that
level of injury plays a primary role in the extent of bowel dysfunction. As well, one study
provides level 5 evidence that deterioration in bowel continence increases with age in an AB
population (7= 467) but does not change in persons with SCI (7= 467) (Lynch et a/%).

Nervous System

Four studies (with SCI samples of > 70; see Table 8) provide level 4 evidence that the early
onset of SCl-related pain is likely to persist over time,69 70. 96,97 and that the degree of
interference experienced might be impacted by age of onset.5

Discussion

A majority of the articles (64%) in this review were on the effects of aging with an SCI on
the cardiovascular, endocrine, and musculoskeletal systems, which provided limited level 2
and level 4 evidence, and a large proportion of level 5 evidence, in support of the premature
aging hypothesis of these systems. Fewer studies (5%) were found on the respiratory system,
which provide limited Level 4 and 5 evidence that this system is negatively impacted by
aging after SCI. Only two level 5 studies (3%) provided support for the immune system. The
studies (20%) on the genitourinary and gastrointestinal systems provide limited level 4 and 5
evidence on the negative effects of aging but do not appear to suggest premature aging.
Similarly, level 2 and 4 evidence (3%) for the skin and subcutaneous tissues also does not
suggest premature aging. The level 4 evidence (5%) on the nervous system provides some
insight on the role of age and YPI, but no evidence to support or denounce the premature
aging hypothesis.

Cardiovascular and Endocrine Systems

The evidence reviewed appears to support the hypothesis that there is premature aging of the
cardiovascular and endocrine systems after SCI. The predisposition to carbohydrate and
lipid abnormalities is thought to be largely a consequence of extreme inactivity, and the
constellation of metabolic findings (that is, hormone growth hormone deficiency,
testosterone deficiency) appears to occur prematurely in persons with SCI.2 However, some
caution is warranted when interpreting the findings of studies that used standard body mass
index values to predict outcomes (that is, Liang et a/2%), which have been shown to be
inappropriate for persons with SC1.44 As well, all the identified studies for these systems
only provided level 5 evidence that reserve capacity is compromised. Hence, higher levels of
evidence are needed to provide stronger support for the hypothesis of premature aging.

Immune System

With regard to immune functioning after SCI, the identified studies indicate that the system
is compromised compared with AB controls,*8: 49 suggesting reduced reserve capacity, but
do not clarify whether chronological age (including age of onset) or YPI are significant
factors. Given the lack of studies with large sample sizes or with longitudinal designs,
further work is strongly needed to determine how aging with SCI impacts this system.
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Musculoskeletal System

The musculoskeletal system provides obvious signs of reduced reserve capacity, and thus
suggests premature aging. In general, the identified studies provide evidence for rapid bone
loss, and particularly so in the pelvis and lower limb regions during the acute stage post-SCI.
51,52, 55,98 Fyrther, these losses may be greater for older persons,* and women with SCI,%7
and is evident in both bone mineral density (amount of matter per cubic centimeter of bones)
and content (bone mass). Bone geometric changes®® 64 have been also been shown post-
SCI, however, these changes may be independent of chronological age and YPI.59

There is evidence that endocrine changes may be contributing to the losses in bone density.
55,62, 64-66 |t js thought that altered bone structure and microarchitecture because of SCI
50,56, 58, 59 |eads to impaired calcium and phosphate metabolism and the parathyroid
hormone-vitamin D axis.?>: 62:64-66 These changes have been shown to contribute to
premature onset of osteoporosis and increased risk for fracture in total and regional sites
following SCI when compared with the AB population,®5-58. 60-63 \which may be more
related to YPI than chronological age.>3 57 Age of SCI onset, however, may be an influential
factor on the extent of the decline in bone loss,57: 58: 60 a5 age-related factors may become
less important on changes in bone mass when an individual reaches a certain chronological
age threshold (that is, 60 years). At this point, other factors (that is, immobilization)
affecting bone mass may become more prominent. However, there is evidence that the
lumbar spine is not adversely affected by aging with SCI,54 55, 57, 60-62, 67 and postural
changes are also independent of age and YP1.58 The possibility that the lumbar spine
becomes the primary weight-bearing region, along with immaobilization, may serve to
protect age-related bone loss changes to this region. This does not preclude the possibility
that long-term weight-bearing on the spine could have long-term adverse effects.

With regard to the upper extremities, the shoulders appear to decline with YPI,89: 71=73 while
handgrip strength and bilateral elbow flexion appear to be spared or even improves with
time.3% 71 As well, the incidence of degenerative shoulder changes after SCI may be higher
in persons with advanced age (older than 30 years) who are < 10 YPI,’2 suggesting that
degenerative changes may occur earlier than previously thought.

Overall, the identified studies for this system provides us with the clearest picture of the
effects of aging for persons with SCI through the support of studies with higher levels of
evidence compared to the other body systems, and through lower level studies that noted age
group comparisons (that is, Szollar et a/80-62),

Respiratory System

Although respiratory complications lead to significant morbidity and mortality in people
with SCI,99: 100 only a few studies were identified for this body system. In general, the
incidence of sleep disordered breathing, characterized by sleep apnea and snoring, may be
higher in persons with SCI than in the AB population,’®:76 and appears to increase with age
in persons with tetraplegia.’* As well, being in a seated position imposes greater stress on
the respiratory system in the acute stage of SCI than the supine position, but may improve at
one YPI, to levels more comparable with AB controls’’.
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Overall, reserve capacity appears to be diminished but it is unclear if breathing patterns
change as a result of the injury or because of aging with SCI. Although there are additional
factors that can affect respiratory health long-term for individuals with SCI, there are several
preventative activities that can be done to minimize the aging of the respiratory system, such
as not smoking, minimizing exposure to polluted air, and controlling body weight.*

Skin and Subcutaneous Tissues

Pressure ulcers are common among individuals with SCI (20-30% incidence rate).101
Although the primary reasons for cause include pressure, shearing, and/or friction due to
continuous sitting, it may be that a SCI results in an increase in collagen metabolism, thus
elevating susceptibility to pressure ulcers.102: 103 As well, the presence of glu-gal Hyl, a
collagen metabolite, in large concentrations in urine is indicative of the degradation of skin
collagen. However, there is no evidence suggesting that glu-gal Hyl excretions increase with
age after SCI7° or are higher compared with the AB population,’8 suggesting that reserve
capacity is not diminished. Although increasing age has been shown to be a risk factor for
the development of a pressure ulcer among people with SCI,104 there is limited evidence as
to whether SCI exacerbates skin degradation due to aging.

Genitourinary System

Prostate cancer is one of the primary causes of death among men, yet the risk appears to be
lower among men with SCI87: 88 90 due to impaired testosterone levels.85: 89 Nonetheless,
prostate cancer screening should be encouraged given the possibility that men with SCI who
do develop prostate cancer may have poorer outcomes than AB men.86

The evidence8%-82 indicates that while renal functioning exhibits some significant declines at
approximately 5 YPI, the type of bladder management used by persons with SCI may not be
a strong contributor to this decline. It may also be that persons between the ages of 20 and
50 experience a disruption in biological capacity in this system during the acute phase of
SCI. More work regarding age of SCI onset and the genitourinary system is needed to help
determine the impact of aging. Overall, the evidence does not provide support that this
system is prematurely aging following SCI.

Gastrointestinal System

Neurogenic bowel may also compound aging after SCI,% but some studies did not provide
details of the role of age in either the SCI or AB control groups.®2 Although YPI may not
play a significant role, it does appear that constipation-related problems do increase over
time in persons with SCI, and suggests that attention to bowel symptoms should be
incorporated into routine follow-up procedures and education.® Similar to the genitourinary
system, the evidence on the gastrointestinal system does not provide any evidence of
premature aging.

Nervous System

With regard to the nervous system, the only studies that were identified were those related to
chronic pain. The clearest finding from these studies is that the presence of pain at an earlier
time point after SCI appears to be the best predictor of future pain, and that this is likely
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does not change significantly over time.89: 70.96.97 |n general, there is a continued dearth of
knowledge regarding the aging SCI nervous system.

The majority of studies for all the systems provide some important findings regarding the
role of chronological age (including age of SCI onset) and YPI, but there is still lack of
clarity on how all of these factors affect (individually and in combination) the individual
living with SCI over time, and further work is needed to determine if SCI is indeed a model
for premature aging across all body systems. As noted, the studies from the musculoskeletal
system provide the strongest levels of evidence of premature aging, and even do so with
lower levels of evidence by providing age comparisons within studies between SCI and AB
samples. Efforts should be made to do the same for prospective studies for other body
systems as well. Overall, it appears that the field of aging with SCI has yet to make
significant advances since many of the issues and questions raised over 15 years ago* are
still relevant today. Although somewhat discouraging, the dearth of knowledge in some areas
highlights research opportunities that will help to resolve current challenges, and more
importantly, provide information to fill many existing gaps.

Limitations

Information on aging with SCI not published in English may have influenced our findings
but were excluded from this review. As well, some articles with relevance may have been
missed if aging was not the primary focus.

Acknowledgments

Funding for this project was provided by the Rick Hansen Institute and the Ontario Neurotrauma Foundation. Dr
Hitzig receives post-doctoral funding support from the Toronto Rehabilitation Institute, which receives funding
under the Provincial Rehabilitation Research Program from the Ministry of Health and Long-Term Care in Ontario.
The views expressed do not necessarily reflect those of the Ministry. Salary support/scholarship was provided by
the Canadian Institutes of Health Research (JJE (MSH-63617), WCM, BMS) and the Michael Smith Foundation for
Health Research (JJE). For more information on Spinal Cord Injury Rehabilitation Evidence, please visit
Www.scireproject.com.

References

1. Thompson L, Yakura J. Aging related functional changes in persons with spinal cord injury. Top
Spinal Cord Inj Rehabil. 2006; 6:69-82.

2. Bauman WA, Spungen AM. Disorders of carbohydrate and lipid metabolism in veterans with
paraplegia or quadriplegia: A model of premature aging. Metabol. 1994; 43:749-756.

3. Charlifue, S., Lammertse, D. Aging in spinal cord injury. In: Kirshblum, S.Campagnolo, DI.,
DeLisa, JA., editors. Spinal Cord Medicine. Lippincott, Williams & Wilkins; Philadelphia: 2002. p.
409-423.

4. Whiteneck, GG.Charlifue, SW.Gerhart, KA.Lammertse, DP.Manley, S.Menter, RR., et al., editors.
Aging with Spinal Cord Injury. Demos Publications; New York: 1993.

5. Capoor J, Stein AB. Aging with spinal cord injury. Phys Med Rehabil Clin N Am. 2005; 16:129—
161. [PubMed: 15561548]

6. Kemp B, Thompson L. Aging and spinal cord injury: medical, functional, and psychosocial changes.
SCI Nursing. 2002; 19:51-60. [PubMed: 12510506]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 11

. Adkins RH. Research and interpretation perspectives on aging related physical morbidity with spinal

cord injury and brief review of systems. NeuroRehabil. 2004; 19:3-13.

. Pickett GE, Campos-Benitez M, Keller JL, Duggal N. Epidemiology of traumatic spinal cord injury

in Canada. Spine. 2006; 31:799-805. [PubMed: 16582854]

. Furlan JC, Kattail D, Fehlings M. The impact of co-morbidities on age-related differences in

mortality after acute traumatic spinal cord injury. J Neurotrauma. 2009; 26:1361-1367. [PubMed:

19275470]

Whiteneck GG, Charlifue SW, Frankel HL, Fraser MH, Gardner BP, Gerhart KA. Mortality,
morbidity and psychosocial outcomes of persons spinal cord injured more than 20 years ago.
Paraplegia. 1992; 30:617-630. [PubMed: 1408338]

Ballinger DA, Rintala DH, Hart KA. The relation of shoulder pain and range-of-motion problems
to functional limitations, disability, and perceived health of men with spinal cord injury: A
multifaceted longitudinal study. Arch Phys Med Rehabil. 2000; 81:1575-1581. [PubMed:
11128892]

Weitzenkamp DA, Jones RH, Whiteneck GG, Young DA. Aging with spinal cord injury: Cross-
sectional and longitudinal effects. Spinal Cord. 2001; 39:201-309.

Garland DE, Stewart CA, Adkins RH, Hu SS, Rosen C, Liotta FJ, Weinstein DA. Osteoporosis
after spinal cord injury. J Orthop Res. 1992; 10:371-378. [PubMed: 1569500]

Brenes G, Dearwater S, Shapera R, LaPorte RE, Collins E. High density lipoprotein cholesterol
concentrations in physically active and sedentary spinal cord injured patients. Arch Phys Med
Rehabil. 1986; 67:445-50. [PubMed: 3729689]

Bauman WA, Khan NN, Grimm DR. Risk factors for atherogenesis and cardiovascular autonomic
function in persons with spinal cord injury. Spinal Cord. 1999; 37:601-616. [PubMed: 10490851]
McKinley WO, Jackson AB, Cardenas DD, DeVivo MJ. Long-term medical complications after
traumatic spinal cord injury: A regional Model Systems analysis. Arch Phys Med Rehabil. 1999;
80:1402-1410. [PubMed: 10569434]

Madersbacher G, Oberwalder M. The elderly para- and tetraplegic: Special aspects of the
urological care. Paraplegia. 1987; 4:318-323.

Apstein MD, Dalecki-Chipperfield K. Spinal cord injury is a risk factor for gallstone disease.
Gastroeneterology. 1987; 92:966-988.

Charlifue SW, Gerhart K, Whiteneck GG. Conceptualizing and quantifying functional change: An
examination of aging with spinal cord injury. Top Geriatr Rehabil. 1998; 13:35-48.

Eng JJ, Teasell RW, Miller WC. Spinal cord injury rehabilitation evidence: Methods of the SCIRE
systematic review. Top Spinal Cord Inj Rehabil. 2007; 13:1-10. [PubMed: 22767989]

Downs SH, Black N. The feasibiilty of creating a checklist for the assessment of the
methodological quality both of randomised and non-randomised stduies of health care
interventions. J Epidemiol Community Health. 1998; 52:377-384. [PubMed: 9764259]

Staus, SE., Richardson, WS., Glasziou, P., Haynes, RB. Evidence-Based Medicine: How to
Practice and Teach EBM. 3. Elsevier Churchill Livingstone; Toronto: 2005.

Bauman WA, Adkins RH, Spungen AM, Waters RL, Kemp B, Herbert V. Levels of plasma
homocysteine in persons with spinal cord injury. J Spinal Cord Med. 2001; 24:81-86. [PubMed:
11587423]

Stampfer MJ, Malilinow R, Willett WC, Newcomer LM, Upson B, Ullmann D, et al. A prospective
study of plasma homocysteine and risk of myocardial infarction in US physicians. JAMA. 1992;
268:877-81. [PubMed: 1640615]

Clarke R, Daly L, Robinson K, Naughten E, Cahalane S, Fowler B, et al. Hyperhomocysteinemia:
An independent risk factor for vascular disease. N Eng J Med. 1991; 324:1149-1155.

Bauman WA, Spungen AM, Zhong YG, Mobbs CV. Plasma leptin is directly related to body
adiposity in subjects with spinal cord injury. Horm Metab Res. 1996; 28:732-736. [PubMed:
9013753]

Bauman WA, Adkins RH, Herbert P, Schechter C, Smith D, Kemp BJ, et al. Is immobilization
associated with an abnormal lipoprotein profile? Observations from a diverse cohort. Spinal Cord.
1999; 37:485-493. [PubMed: 10438115]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Page 12

Zlotolow SP, Levy E, Bauman WA. The serum lipoprotein profile in veterans with paraplegia: The
relationship to nutritional factors and body mass index. J Am Para Soc. 1992; 15:158-162.

Liang H, Chen D, Wang Y, Rimmer JH, Braunschweig CL. Different risk factor patterns for
metabolic syndrome in men with spinal cord injury compared with able-bodied men despite
similar prevalence rates. Arch Phys Med Rehabil. 2007; 88:1198-1204. [PubMed: 17826468]
Huang TS, Wang YH, Chen S. The relation of serum leptin to body mass index and to serum
cortisol in men with spinal cord injury. Arch Phys Med Rehabil. 1998; 81:1582-1586.

Huang TS, Wang YH, Chiang HS, Lien YN. Pituitary-testicular and pituitary-thyroid axes in spinal
cord-injured males. Metabol. 1993; 42:516-521.

Wang TD, Wang YH, Hung TS, Su TC, Pan SL, Chen SY. Circulating levels of markers of
inflammation and endothelial activation are increased in men with chronic spinal cord injury. J
Formos Med Assoc. 2007; 106:919-928. [PubMed: 18063513]

Demirel SDG, Tiikek T, Erk O, Yilmaz H. Risk factors for coronary heart disease in patients with
spinal cord injury in Turkey. Spinal Cord. 2001; 39:134-138. [PubMed: 11326322]

Orakzai SH, Orakzai RH, Ahmadi N, Agrawal N, Bauman WA, Yee F, et al. Measurement of
coronary artery calcification by electron beam computerized tomography in persons with chronic
spinal cord injury: Evidence for increased atherosclerotic burden. Spinal Cord. 2007; 45:775-779.
[PubMed: 17339887]

Petrofsky JS, Laymon M. The effect of ageing in spinal cord injured humans on the blood pressure
and heart rate responses during fatiguing isometric exercise. Eur J Appl Physiol. 2002; 86:479—
486. [PubMed: 11944094]

Yamamoto M, Tajima F, Okawa H, Mizushima T, Umezu Y, Ogata H. Static exercise-induced
increase in blood pressure in individuals with cervical spinal cord injury. Arch Phys Med Rehabil.
1999; 80:288-293. [PubMed: 10084436]

Tsitouras PD, Zhong YG, Spungen AM, Bauman WA. Serum testosterone and growth hormone/
insulin-like growth factor-1 in adults with spinal cord injury. Horm Metab Res. 1995; 27:287-292.
[PubMed: 7557841]

Wang YH, Huang TS, Lien IN. Hormone changes in men with spinal cord injuries. Am J Phys Med
Rehabil. 1992; 71:328-332. [PubMed: 1466870]

Cheville AL, SCK. Thyroid hormone changes in chronic spinal cord injury. J Spinal Cord Med.
1995; 18:227-232. [PubMed: 8591067]

Shetty KR, Sutton CH, Mattson DE, Rudman D. Hyposomatomedinemia in quadriplegic men. Am
J Med Sci. 1993; 305:95-100. [PubMed: 8427299]

Bauman WA, Spungen AM, Flanagan S, Zhong YG, Alexander LR, Tsitouras PD. Blunted growth
hormone response to intravenous arginine in subjects with spinal cord injury. Horm Metab Res.
1994; 26:152-156. [PubMed: 8005564]

Jones LM, Legge M, Goulding A. Factor analysis of the metabolic syndrome in spinal cord-injured
men. Metabol. 2004; 53:1372-1377.

Lavela SL, Weaver FM, Goldstein B, Chen K, Miskevics S, Rajan S, Gater DR Jr. Diabetes
mellitus in individuals with spinal cord injury or disorder. J Spinal Cord Med. 2006; 29:387-395.
[PubMed: 17044389]

Jones LM, Legge M, Goulding A. Healthy body mass index values often underestimate body fat in
men with spinal cord injury. Arch Phys Med Rehabil. 2003; 84:1068-1071. [PubMed: 12881836]
Nuhlicek DN, Spurr GB, Barboriak JJ, Rooney CB, El Ghatit EL, Bongrard RD. Body composition
of patients with spinal cord injury. Euro J Clin Nut. 1988; 42:765-773.

Spungen AM, Wang J, Pierson JRN, Bauman WA.. Soft tissue body composition differences in
monozygotic twins discordant for spinal cord injury. J Appl Physiol. 2000; 88:1310-1315.
[PubMed: 10749824]

Bauman WA, Spungen AM, Wang J, Pierson JRN. The relationship between energy expenditure
and lean tissue in monozygotic twin discordant for spinal cord injury. J Rehab Res Dev. 2004;
41:1-8.

Campagnolo DI, Keller SE, DeL.isa JA, Glick TJ, Sipski ML, Schleifer SJ. Alteration of immune
system function in tetraplegics. Am J Phys Med Rehabil. 1994; 73:387-393. [PubMed: 7993612]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 13

Campognolo DI, Bartlett JA, Chatterton RJ, Keller SE. Adrenal and pituitary hormone patterns
after spinal cord injury. Am J Phys Med Rehabil. 1999; 78:361-366. [PubMed: 10418843]

de Bruin E, Dietz V, Dambacher MA, Stussi E. Longitudinal changes in bone in men with spinal
cord injury. Clin Rehabil. 2000; 14:145-152. [PubMed: 10763791]

de Bruin E, Vanwanseele B, Dambacher MA, Dietz V, Stussi E. Long-term changes in the tibia and
radius bone mineral density following spinal cord injury. Spinal Cord. 2005; 43:96-101. [PubMed:
15534621]

Frey-Rindova P, de Bruin ED, Stussi E, Dambacker MA, Dietz V. Bone mineral density in upper
and lower extremities during 12 months after spinal cord injury measured by peripheral
quantitative computed tomography. Spinal Cord. 2000; 38:26-32. [PubMed: 10762194]

Bauman WA, Spungen AM, Wang J, Pierson RNJ, Schwartz E. Continous loss of bone during
chronic immobilization: A monozygotic twin study. Osteoporos Int. 1999; 10:123-127. [PubMed:
10501792]

Chow YW, Inman C, Pollintine P, Sharp CA, Haddawa MJ, EI Masry W, et al. Ultrasound bone
densitometry and dual energy X-ray absorptiometry in patients with spinal cord injury: A cross-
sectional study. Spinal Cord. 1996; 34:736—741. [PubMed: 8961432]

Dauty M, Perrouin Verbe B, Maugars Y, Dubois C, Mathe JF. Supralesional and sublesional bone
mineral density in spinal cord injuryed patients. Bone. 2000; 27:305-309. [PubMed: 10913927]
Eser P, Frotzler A, Zehnder Y, Wick L, Knecht H, Denoth J, et al. Relationship between the
duration of paralysis and bone structure: A pQCT study of spinal cord injured individuals. Bone.
2004; 34:869-880. [PubMed: 15121019]

Garland DE, Adkins RH, Stewart CA, Ashford R, Vigil D. Regional osteoporosis in women who
have a complete spinal cord injury. J Bone Joint Surg. 2001; 83-A:1195-1200. [PubMed:
11507128]

Kiratli BJ, Smith AE, Nauenberg T, Kallfelz CF, Perkash I. Bone mineral and geometric changes
through the femur with immobilization due to spinal cord injury. J Rehabil Res Dev. 2000;
37:225-233. [PubMed: 10850829]

Slade JM, Bickel CS, Modlesky CM, Majumdar S, Dudley GA. Trabecular bone is more
deteriorated in spinal cord injured versus estrogen-free menopausal women. Osteoporos Int. 2005;
16:263-272. [PubMed: 15338112]

Szollar SM, Martin EME, Parthemore JG, Sartoris DJ, Deftos LJ. Densitometric patterns of spinal
cord injur associated bone loss. Spinal Cord. 1997; 35:374-382. [PubMed: 9194260]

Szollar SM, Martin EME, Parthemore JG, Sartoris DJ, Deftos LJ. Demineralization in tetraplegic
and paraplegic man over time. Spinal Cord. 1997; 35:325-228.

Szollar SM, Martin EME, Sartoris DJ, Parthemore JG, Deftos LJ. Bone mineral density and
indexes of bone metabolism in spinal cord injury. Am J Phys Med Rehabil. 1998; 77:28-35.
[PubMed: 9482376]

Vlychou M, Papadaki PJ, Zavras GM, Vasio K, Kelekis N, Malizos KN, et al. Paraplegia-related
alterations of bone density in forearm and hip in Greek patients after spinal cord injury. Dis Rehab.
2003; 25:324-330.

Finsen V, Indredavik B, Fougner KJ. Bone mineral and hormone status in paraplegics. Paraplegia.
1992; 30:343-347. [PubMed: 1598175]

Vaziri ND, Pandian MR, Segal JL, Winer RL, Eltorai I, Burnnemann BS. Vitamin D, Parathormone
and Calcitonin Profiles in persons with long-standing spinal cord injury. Arch Phys Med Rehabil.
1994; 75:766-769. [PubMed: 8024422]

Bauman WA, Zhong YG, Schwartz E. Vitamin D deficiency in veterans with chronic spinal cord
injury. Metabol. 1995; 44:1612-1616.

Catz A, Reider-Grosswasser I, Gutman I, Gepstein R, Mendelson L. Lumbar spine dimensions in
parapareic patients: A 10 year follow-up study. Paraplegia. 1992; 30:729-733. [PubMed: 1448301]
Amsters D, Nitz J. The consequences of increasing age and duration of injury upon the wheelchair
posture of men with tetraplegia. Int J Rehabil. 2006; 29:347-349.

Jensen MP, Hoffman AJ, Cardenas DD. Chronic pain in individuals with spinal cord injury: A
survey and longitudinal study. Spinal Cord. 2005; 43:704-712. [PubMed: 15968299]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Page 14

Siddall PJ, McClelland JM, Rutkowski SB, Cousins MJ. A longitudinal study of the prevalence and
characteristics of pain in the first 5 years following spinal cord injury. Pain. 2003; 103:249-257.
[PubMed: 12791431]

Pentland WE, Twomey L. Upper limb function in persons with long term paraplegia and
implications for independence. Paraplegia. 1994; 32:211-218. [PubMed: 8022630]

Lal S. Premature degenerative shoulder changes I spinal cord injury patients. Spinal Cord. 1998;
36:186-189. [PubMed: 9554019]

Kiviméki J, Ahoniemi E. Ultrasonographic findings in shoulders of able-bodied, paraplegic and
tetraplegic subjects. Spinal Cord. 2008; 46:50-52. [PubMed: 17406374]

Bach JR, Wang TG. Pulmonary function and sleep disordered breathing in patients with traumatic
tetraplegia: A longitudinal study. Arch Phys Med Rehabil. 1994; 75:279-284. [PubMed: 8129579]
Cahan C, Gothe B, Decker MJ, Arnold JL, Strohl KP. Arterial oxygen saturation over time and
sleep studies in quadriplegic patients. Paraplegia. 1993; 31:172-179. [PubMed: 8479783]
Biering-Sorensen F, Biering-Sorensen M. Sleep disturbances in the spinal cord injured: An
epidemiological questionnaire investigation, including a normal population. Spinal Cord. 2001,
39:505-513. [PubMed: 11641793]

Loveridge B, Sanii R, Dubo HI. Breathing pattern adjustments during the first year following
cervical spinal cord injury. Paraplegia. 1992; 30:479-488. [PubMed: 1508562]

Rodriguez GP, Claus-Walker J. Measurement of hydroxylysine glycosides in urine and its
application to spinal cord injury. J Chroma. 1984; 308:65-73.

Rodriguez GP, Garber SL. Prospective study of pressure ulcer risk in spinal cord injury patients.
Paraplegia. 1994; 32:150-158. [PubMed: 8008417]

DeWire DD, Owens RS, Anderson GA, Gottlieb MS, Lepor H. A comparison of the urological
complications associated with long-term management of quadriplegics with and without chronic
indwelling urinary catheters. J Urology. 1992; 147:1069-1072.

Sekar P, Wallace DD, Waites KB, DeVivo MJ, Lloyd LK, Stover SL, et al. Comparison of long-
term renal function after spinal cord injury using different urinary management methods. Arch
Phys Med Rehabil. 1997; 78:992-997. [PubMed: 9305274]

Viera A, Merritt JL, Erickson RP. Renal function in spinal cord injury: A preliminary report. Arch
Phys Med Rehabil. 1986; 67:257-259. [PubMed: 3964061]

Lamid S. Long-term follow-up of spinal cord injury patients with vesicoureteral reflux. Paraplegia.
1988; 26:27-34. [PubMed: 3353123]

Kuhlemeier KV, McEachran AB, Lloyd K, Stover SL, Tauxe WN, Dubovsky EV, et al. Renal
function after acute and chronic spinal cord injury. J Urology. 1984; 131:439-445.

Konety BR, Nguyen TT, Brenes G, Lewis N, Saul M, Nelson JB, et al. Evaluation of the effect of
spinal cord injury on serum PSA levels. Urology. 2000; 56:82—-86.

Scott PA sr, Perkash I, Mode D, Wolfe VA, Terris MK. Prostate cancer diagnosed in spinal cord-
injured patients is more commonly advanced stage than in able-bodied patients. J Urology. 2003;
63:509-512.

Pannek J, Berges RR, Cubick G, Meindl R, Senge T. Prostrate size and PSA serum levels in male
patients with spinal cord injury. Urology. 2003; 62:845-848. [PubMed: 14624906]

Alexandrino AP, Rodrigues MAF, Matsuo T. Evaluation of serum and seminal levels of prostate
specific antigen in men with spinal cord injury. J Urology. 2004; 171:2230-2232.

Pramudji CK, Mtuchnik SE, DeConcini D, Boone TB. Prostate cancer screening with prostrate
specific antigen in spinal cord injured men. J Urology. 2002; 167:1303-1305.

Shim HB, Kim YD, Jung TY, Lee JK, Ku JH. Prostate-specific antigen and prostate volume in
Korean men with spinal cord injury: A case-control study. Spinal Cord. 2008; 46:11-15. [PubMed:
17387315]

Faaborg PM, Christensen P, Finnerup N, Laurberg S, Krogh K. The pattern of colorectal
dysfunction changes with time since spinal cord injury. Spinal Cord. 2008; 46:234-238. [PubMed:
17893697]

Krogh K, Mosdal C, Laurberg S. Gastrointestinal and segmental colonic transit times in patients
with acute and chronic spinal cord lesions. Spinal Cord. 2000; 38:615-621. [PubMed: 11093323]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHID

1duosnuen Joyiny YHID

Hitzig et al.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

Page 15

Emmanuel AV, Chung EAL, Kamm MA, Middleton F. Relationship between gut-specific
autonomic testing and bowel dysfunction in spinal cord injury patients. Spinal Cord. 2009;
47:623-627. [PubMed: 19274057]

Menardo G, Bausano G, Corazziri E, Fazio A, Marangi A, Genta V, et al. Large-bowel transit in
paraplegic patients. Dis Col Rect. 1987; 30:924-928.

Lynch AC, Wong C, Anthony A, Dobbs BR, Frizelle FA. Bowel dysfunction following spinal cord
injury: A description of bowel function in a spinal cord-injured population and comparison with
age and gender matched controls. Spinal Cord. 2000; 38:717-723. [PubMed: 11175370]

Putzke JD, Richards JS, Hicken BL, DeVivo MJ. Interference due to pain following spinal cord
injury: Important predictors and impact on quality of life. Pain. 2002; 100:231-242. [PubMed:
12467994]

Rintala DH, Hart KA, Priebe MM. Predicting consistency of pain over a 10-year period in persons
with spinal cord injury. J Rehab Res Dev. 2004; 41:75-88.

Garland DE, Adkins RH, Scott M, Singh H, Massih M, Stewart CA. Bone loss at the os calcis
compared with bone loss at the knee in individuals with spinal cord injury. J Spinal Cord Med.
2004; 27:207-11. [PubMed: 15478521]

Cotton BA, Pryor JP, Chinwalla I, Wiebe DJ, Reilly PM, Schwab CW. Respiratory complications
and mortality risk associated with thoracic spine injury. J Trauma. 2005; 59:400-4009.

. DeVivo MJ, Black KJ, Stover SL. Causes of death during the first 12 years after spinal cord
injury. Arch Phys Med Rehabil. 1993; 74:248-254. [PubMed: 8439250]

Byrne DW, Salzberg CA. Major risk factors for pressure ulcers in the spinal cord disabled: A
literature review. Spinal Cord. 1996; 34:255-263. [PubMed: 8963971]

Claus-Walker J, Halstead LS. Metabolic and endocrine changes in spinal cord injury: 111. Less
quanta of sensory impact plus bedrest and illness. Arch Phys Med Rehabil. 1982; 63:628-631.
[PubMed: 6293405]

Claus-Walker J, Halstead LS. Metabolic and endocrine changes in spinal cord injury: IV.
Compounded neurologic dysfunction. Arch Phys Med Rehabil. 1982; 63:632-638. [PubMed:
7149949]

Salzberg CA, Bryne DW, Cayten CG, van Niewerburgh P, Murphy JG, Viehbeck M. A new
pressure ulcer risk assessment scale for individuals with spinal cord injury. Am J Phys Med
Rehabil. 1996; 75:96-104. [PubMed: 8630201]

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 16

Hitzig et al.

‘Ainful p10d feurds ‘|DS ‘paIpoq a|ge ‘g :SuoneInsIqqy

*3W1} U1 Ju1od 3UO Je S|0JIU0D gV PUe [DS YNM S[ENPIAIPUI Y1og Buizijin saipnis [UON8S-SS01D

(se1pms Ja)e-81048q 0} JUs[RAINDS ISES| 18) UoIIEN|BAS dN-MO||0) PUB BUIjasEq © Jses] Je Buipnjoul sa1pms eulpniibuo

(aseqerep J0 M3IA3] 1I_Yd WOIY) S|0AU0D [DLI0ISIY 8PN[OUl YOIYM SaIpms [eulpnibuoT

(108

B ‘9582 SIY} UI) uoiipuod Jejnaiued e 03 pasodxa s dnolb auo a1aym saipnis 110yod palapisuod ase Ay se (dnolb gy ‘ajdwexa Joy) dnob |013U0d © 8pnjaul Jeyl saipnis [euipniibuo]

‘[eld) pa]1041u0d paziwopuel e 0} JusjeAinba si feyy ubisap e YyMm Sa1pnis ou aJe a1ay usalb ajqedljdde 10N

G 19AaT
v 19Aa1
€ [9n9]

Z19na

T [9As]

uondioseg S| 8oUBpIAg

CIHR Author Manuscript

T alqeL

CIHR Author Manuscript

80UBPIAS JO S[aA3] PALLIPOIA

CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 17

Hitzig et al.

*as191axa Ba| ays Burinp dnoib DS 8y ul Juasqe sem

1ng ‘sdnoib gy pue DS Y1og Jo} [ewiou sem asidlaxe dubpuey Bulinp ajel LesH
(50°0 > o) 8s104aXa

B3] Burinp pue 1sa1 e yioq sainssald poojq ui abueyd Jabie| e pey |DS yim dnoio

‘paydrew biay pue sapuab ‘abe ‘(0g =) S|01U0D gV UM (swLie pue Bay) 1sal
18 pue 8s194axa J118WosI Bulinp arel Lesy pue ainssaid poojq Jo uostedwo)
'sieak 0T—¢ abuel [dA ‘(S1eak G9—TG ‘sieak 0G-Tv

‘s1eak o — T€ ‘sieak og — 0g) sdnoJb abe unoy ‘eibajdeted a1a]dwod Yyum usw oG

00T =NV

€l =gpueq

vsn

ceUowAe] pue Aysjoned

*sdnouf yiog ui (S0°0 ><) | ainssaid poolg
'(50°0 >¢) abueyd pIp S|0JIU0I
gV Sealaym ‘as101axa Burinp ayes 1eay ul sebueyd ou pey [DS yum dnoio

‘welboIpJeso1os|e

‘190npsue} ainssaid ‘spoylaw Aesseounwiwiolpes :ainseal awodng

‘payorew Jspuab pue abe ‘(2 =) S|01U0D GV YIIM UOIJRIIUOD pauleIsns

10 ulw z Buunp sebueyd jeuowoy pue ‘axel Leay ‘ainssaid poojq 4o uostiedwo)
(s1eah 8T-6) '€ F L'€T

IdA Ueaw (steak 85 — €€) 00T F T abe ueaw ‘eibsjdens a1a|dwiod yum usw /

$|0J1U0D gV YIIM [eUOII8S-SSOID)
YT =N

0T=gpueq

ueder

/2 18 0JOWBWEA

"dnoib gv ueys (T00°0 >d) T-WYIAS pue ‘(T00°0 >d) T-uljdyiopua ‘(100°0
>d) 9-upinajaul (T00°0 >d) dHD 40 S[aAs] wnJss | pey [0S yum dnoio
'S|0JJU0D gV UBY) S|9AS] Uljnsul |, piemo) pual) e pue ‘(T00'0 >/) 01l 9-1aH
/0L | pue ‘(1000 >d) 2-1aH 4 ‘(870°0 =) 9-1A1 1 PeY 12S yum dnoio
"(T00°0 > /) SIana] BuILIYEaId pue UINg[e Wnss pue ‘(770’0 =d) IINg
‘(L10°0 =) brem Apog 1 pey 10S yum dnolb ‘s|ouod gy yum paedwod

"Spoylaw Aesseounuuwil :aJnseaw awodnNQ

‘paydrew Japuab pue abe ‘(6Z =) S]1013U0d GV 01 T-INSVIAS

pue T-INSYOIS ‘T-Uel|8y1opus) uoneAnoe [erjayiopus pue (puebl| 0¥AD 8|qn|os
puUe ‘9-UI}NaJJaul d¥D) UOIRWWIRIUI JO SI9XJeW JO S|aA3] WNIas 0 uostiedwo)
(sreak L' [2-2T) 0L F8'TT

IdA Ueaw (s1eak T'6G — 2'9T) 2'6 F 0'8z abe ueaw {|DS 819]dwod YIm usw g9

$10J1U0D GV UYHM [BUOI08S-SS01D)
16 =N

¢i=dpued

uemie|

2612 19 Buep

(T0°0 >¢/) 181e31H 0S[e Sem 8103S IO "S|0JIU0I
av ul ueyl (50°0 >d) 1S Yim suosiad ul Ja1eslh sem QD JO 90Us[endld
'S|03U02 gV Ueyl (T000°0 ><) | Sem dnoib DS 8y} J0 8109S WINId[ed UesN

‘spoylawl
Aesseounwiwi ‘AydesBowo) payndwod-weaq uoids|a :ainseaw awoano
"payoreW J03aRy) sIl pue Aldiuyle ‘1epush

‘abe ‘(g2 =) S|0U00 GV YNM SISOI3]9S04aye JO Uaping ay) Jo uosuredwo)
'SIedk 0T ¥ L'6T

IdA ueaw ‘(s1eak 06—02) 2T F L 61 abe ueaw {|DS YlIM USWIOM GT pue usw /9

$]01U0D gV YNM [BUOIII8S-SS01D)
GGE =N

0T=9pueqd

vsn

e /819 1ez)jel0

"dnoub 19S 10U I S|03U0d GV Ul (S000°0 > ) 8B YHM 1 3ejul 910[ed [eloL
'$]043U00 gY Yim pasedwod (T000°0 >d) 1 9-1AH Wnies

'sdnoub jonuod

gV pue |DS UdaMIaq aXelul |0181Sajoyd J0 J110[ed [e10} ‘|G Ul SBoUaJayIp ON

SO puUe JAH ‘DL JO S[9AS] WNJaS ‘SpoyaW AeSseounwiwi :8inseal aWwoanQ
"payorew Jspush pue

abe ‘(zg =) $101U0d gV Yl S|aAs] pidi] winlas pue ‘[N ‘181p 40 uostiedwo)
's1eak G TZ IdA ‘(SJeak G9-Gg) Z F g abe ueaw ‘eibajdered yum usw gz

$]01U0D gV YNM [RUOIII8S-SS01D)
08 =N

TT=dgpueg

VSN

gz 18 MO|010[Z

"(To000

>d) 12S yum dnoub ayy ur | sem Jey Apoq usd Jad parewnss ayl Ing ‘(10000
>d) 12S yum dnoub ayy ynm pasedwod |INg | pey dnob [0u0d gy 8y L
‘dnoif

[01U0d GV 3y} Uy} (T0°0 >d) Oel 9-T1AH/DL | Pue ‘(T000°0> &) 9-1a71
(50000 >o) 9-1aH '(S0°0 >) 9L “(T000°0 ><f) DL + Pey 10S yim dnoio

‘1IN $9-1@Q77 ANISusp (9-T@H WInJss $9 1 ‘D1 WINJss :2Inseaw awodno
‘paydreW |ana] AR pue ‘ANo1uyla

‘1apuab ‘abe ‘(£0€ = ) S|1013U0d gV Yim sajiyoud pidi| winias o uostiedwo)
(s1eah £6-T) 2G50 ¥ GT

IdA Ueaw :(steak //—02) 29°0 F T 9be ueaw {|DS YlM UBWIOM 98 pue UsW ¥£Z

$]0JJU0D gV UIIM [BUOI1I8S-SS01D)
€C9=N

yT=48apued

vsn

,Z/2 19 uewneg

'sdno.b ]0J3U0d puB [DS USaMIB] [N Ul S9oUBJaIp JuedIubIS ON
*dnoJB [043u02 aY) Uey} (S00°0 >d/) T1d 0 SI9A9] | pey 1DS Yyum dnoio

‘IING {1d :@Insesw awoano
"payorew Japuab pue abe (81 = v) S|03U0 gV UM Td pue NG Jo uostredwo)
'S1eak 2 F TT IdA Ueaw ‘S1eak z F oG abe uesaw {|DS Yim usw €

$]01U0D gV UMM [BUOIII8S-SS0ID)
a8 =N

6=4dpueq

vsn

oz/2 38 uewneg

*dnoJb [01u0d UBY) Hd JO S[ans] | PeY [DS Ylim dnolo
‘dno.b abe
1aBunoA aup ueys (50°0 > /) Hd uesw | pey (s1eak 0g <) 19S ynm dnoib 1opjo

‘Hd :2Inseaw awoanQ
'(8e8 ¢T =v) uonejndod aauaiajel g YIM Hd 40 S|aAs] Jo uosiedwo)
'S1eak

6 F 2T IdA UeaW ‘sieak TT F g€ abe ueaw {|DS UM USWOM gZT pue usw €2/

$]0J1U0D gV YIM [BUOIID8S-SS0ID
€89 GT =N

€T=dpueq

vsn

¢/ 19 Uewneg

sinsey

SPOYL N

Py

CIHR Author Manuscript

CIHR Author Manuscript

SWAISAS aUIIO0PUS PUE JBJNISBAOIPIED

¢ dlqeL

CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 18

Hitzig et al.

"] WNJas U 109)49 asJanpe ue aney 03 sreadde Ainfur jo uoneing
‘(Buibe
J01Jnsal 8y} Jou) HOY pue | Ylog JO UONaIIas pairedul Ylm pajeldosse sl [DS

'S|oA3] |-49)| BWSe|d ‘HOY BwiSe|d ‘] WNJJs :aInsesw awodnQ

"payorew Jspush

pue abe ‘(9T =) $]03U0 G YIM | pue suowoy yimoib wnias jo uosuedwo)
's1eak Z F GT IdA Ueaw sieak Z F zi abe ueaw {|DS yum usw 0z

S]0JJU0D GV UM [BUOI}I8S-SS01D)
9€ =N

6=dpueq

vsn

J6/2 19 SeanosL

'a/Ios

U Y)IM SUBJSISA UI | SeM douafenaid sajaqelp ‘abe Jo sieak g5 01 Gi7 850y} J04
"SUBJSIA Jay10 0} Jejiwis Ing ‘(T000°0 >«/) uonendod

lesauab 0} pasedwod Q/1DS UM suelalan Buowe | sdusjensid salaqelq

SSH44g :8Inseaw awodnO
‘(s1eak +0/ 03 Ot > abuel) Sj01U0d

gV uone|ndod [etauas) 979 9T :(SIA +0/ 01 OF > abues) $]0U0D Y UBJSIaA
Zv€ T :suoneindod gv Yyiim sniijjaw sayagelp Jo salel aouajestd Jo uostiedwo)
'sIeak 8°'€Z IdA Ueaw ‘sIeak g'6G abe ueaw ‘sajaqelp

ou pue (%8°96) A/1DS UNM SUBJaIBA 296 T ‘SIeak 6'EZ IdA UesW :(s1eak +0. 01
0 > abuel) 19 abe ueaw ‘saraqeIp pue /1S YUM (UsW %z 86) SUBIAIGA T7/

$]01U0D gV YNM [BUONID8S-SS01D)
9CLTC=N

yi=gapueq

vsn

sy /B 19 BISAET]

"pIP S|041U0J 8} JO BUOU
SB3JAYM ‘BLIOJPUAS 21]0geIBW 104 BLIBILID U3 18W DS Yum dnoib aup JO 9GS

L1990 1aH ‘0L ‘uinsul pue 8soon|b

ewse|d ‘1818W0}ISUSP X IQ AQ Passasse SSew Jej pue Ues| :8insesw swodnQ
‘payorew Auanae pue ‘ybiam ‘ybiay ‘1apuab ‘abe

(02 =) $101U0d gV UM dWOIPUAS d1j0geIaW JO douajensld Jo uostiedwo)
'SIeak 8T F £°0T IdA Ueaw {(sJeak zG-9T) Z F €€ abe ueaw (DS Yim usw 0z

$]01U0D gV YNM [RUOIII8S-SS01D)
o =N

6=dpueq

puejesz maN

242 19 S8UOL

(1000 >¢) 1@ pue (1000 >o)
21 (1000 >¢) 8s09n|6 (500 ><) 9L '(T0°0 ><) 1AH 1 Pey 1S yum dnoio

‘9] ‘8s00n|6 parens|a

{(7@71 pue H) TAH Moj pue ‘D ‘anssaid poo|q ‘NG :9Inseaw awodnNQ
‘paydrew adel pue ‘Japuab ‘abe ‘(8T

=) S|01U0D GV UHM 3WOJPUAS d1j0gelswl o sajel aduajensid Jo uosuedwo)
“(s1eak

¥'0v—T abuel) 2 TT IdA ueaw ‘sieak 0T F 6€ abe ueaw (DS YlIm usw G8T

$]0U0D gV YLIM [BUOINDSS-SSOID)
0LE =N

1T=48apueq

vsSn

6212 18 Buer

"10S-1s0d $1S010d08)S0 pUE UOITRWLIO)

a10s ainssaid 4oy st | ‘Aydoare ajosnw pue ssew Apog Ues| 4 0} aINQLIU0I
PIN03 ya1ym ‘erwsuipaworewosodAy asned Aew DS J0 ANAIORUL BI8ASS

'sdnoub yog ur abe | pue ‘|ans| QWIS UsaMIaq

diysuoe|al 8s1aAU| 'S|0JIU0D g LBy} [DS Uim dnodb ul (L00°0 >o) 4 Sem QWS

"SpoylaW Aesseountuwiolpel :aInseaw awodnQ

‘payorew Japuab pue abe

{(6TT =) S|0U0I Y YIM SIXe Jws/auowioy ymmolb ewseld o uosiiedwo)
‘sieak

G'TT IdA Ueaw (steak 99-72) €G°T F 6°0 abe ueaw ‘eibajdenial yum usw Ty

$]0J1U02 gY YlIM [euOI1I38S-SS01D
09T =N

ZT=9dpueq

vsn

oy /219 Asys

(T00°0 >«/) dnoib [013U0d GV BY3 Ul UOWWIOD BI0W SeM

Kioisiy Ajwey samsod sjiym ‘dnoif g ays ui ueyl (T00°0 >4/) 10S UM suosiad
Ul UOWWIOD 3I0W 8J3M soffel T1aH/1aT (T00°0 >o) 1aH/QL Yby (1000

>d) 9-1aH Mo| ‘(T00°0> &) 9-1a1 M| ‘(T00°0 >o) DL Ybiy ‘(T00°0 =)
rlWaLINIadAY ‘(40°0 =¢) snijidw sa1agelp ‘(T00°0 >¢) 8s0an|b Bunisey pasredw)

"spoyiaw Aesseounuwiwli ‘anssaid poojq 91j01SeIp ‘|G :84nseaw awodnQ
‘payorew Japuab

pue abe ‘(zg =) $]0J3U03 GV YUM QHD 10} SI0398} XSII pJepuess o uosuedwo)
‘(s4e9A T¥—T) OT F 9T IdA Uesw ‘(s1eak

0/-0T) ZE'TT ¥ 6°€€ 8be ueaw :(ewne.l-uou 9) |OS UMM USLIOM 9T pue UsW £G

S]0J1U0 GV YJIM [BUOIII8S-SS0ID
12T =N

¢l=4dpueq

Aaxin

¢e/2 19 [2NWaQg

‘108

YuMm sfenplalpul JaBunoA ui sixe |-491/HOY sessaidap AAnoe [eaisAyd Ajreps
(50°0 > <) S|0AuU0d

gV ul ueyl pjo sieah Gi > s198lqns [DS Ul 1 81am S[aAs| |-49] ewseyd ues|y
"(AjaAnoadsal Go'0 > pue ‘10°0 > ) dnoub josuod ayy

ur ueyl [0S ynm dnoub syl ur 1 8Jem sslnuiw 09 pue Og Je sesuodsal HOY UesA

‘|-49] ewse|d ‘aseaja) HBY ewse|d :a1nseaw awoaINO

‘payolew |INg pue ‘Japushb ‘abe ‘(9T =v) sjou0d

av yum ‘(utw og Jano 1038lgns Jad 6 og) apiiojyd0ipAy auluibie Jo uoisnyul
aseajal (HBY) suowioy 03 asuodsas auowoy yimolb Jo uostiedwo)
'sIeak € F 6T IdA Ueaw ‘Sieak € F G abe ueaw {|DS Yylm usw 9T

$]01U0D gV YNM [BUONII9S-SS01D)
€E=N

0T=9pueqd

vsn

1,/€ 19 Uewneg

"[n8] 9-1AH 4 B pPamoys 1S yum $393[gns ut sjans pidi] wniss

"(50°0 >d/) S104U02 YuM

paredwod 1 1 9O Burnp sanjea urnsul pue asoan|b uesw | pey [OS yum dnoi
'sabe JabunoA ye siaplosip arelpAyoqued dojansp DS yiim s1slgns

'S|043U09 JO

959 SA J113GRIP 3JaM |DS JO %zz "elbajdesed yim asoy JO 940G pue ‘eibajdens)
Y)IM 3S0U} JO 958 SA 3dURJS|0} 8502N|H |10 [ewIou pey S|0AIU0 JO %Z8

1190

‘s[ana| pidi] wnuas ‘sanjeA uljnsul pue asodan|b ewise|d ueaw :aInsesw awoNQ
‘paydrew |Ng pue ‘1apuab ‘abe

(0G =) $1011U0D gV YuM swisijogelsw pidi| pue ayeipAyogsed Jo uostiedwo)
'SIeak ZF/T IdA Ueaw ‘Sieak g F /i abe ueaw ‘eibajdesed yum

uaWw (G ‘s1eak Z F 6T IdA Ueaw ‘sieak g FTG abe ueaw ‘eifsjdelial yum usw oG

$]01U0D gV LM [BUOIND8S-SSOID)
0ST =N

¢r=9gpued

vsn

,usbunds pue uewneg

"WeB0IPILI0.1103]3 ‘UOIIBINISNE :8INSea SWOIINQ

$]01U0D gV YNM [BUONII8S-SS01D)

S1insay

SPOYR N

Py

CIHR Author Manuscript

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 19

Hitzig et al.

‘Aanlui-isod sieak ‘|d A ‘ap1iadA|bii ‘9] 10481s3]10y2 [€10) ‘D1 ‘181em Apoq [e10] ‘Mgl

‘winissejod Apoq [e10} ‘dgL ‘8u0J8IS0ISa) ‘| ‘T-9|NIBJOW UOISBYPE |[89 JBJNISEA 8]qNn|0s ‘T-INSWIAS ‘T-8|NI8|0W UoISaype JejnjjadJalul a|gqn|os ‘T-INSWIIS D UBIpaWOoyewos ‘Qus IapIosip 4o [JS ‘a/I0S
{Ainfur p1oo Jeurds ‘|0s ‘auniipuadxa ABiaua Bunsas ‘33 ‘unda] ewseld ‘14 ‘auisisAoowoy ewseld ‘Hd ‘1581 8oue.Ia]01 3509N|6 €10 ‘1 | DO BWOoIpUAS €1 Mo ‘SE1T ‘auowoy Buiziuiein] ‘H {10481s8]0y9
uiaoidodi] ©9-7@7 ‘uisloadodi] Ajisusp-moj ‘1@ ‘ssew Apog ues| ‘NG 40319e) yimolB ax1j-uljnsul ‘|-49] ‘suowloy ymmolh uewny ‘yoy {1o1a1sejoyd 1aH 9-1aH ‘utsioidodi) Aisusp-ybiy ‘1QH ssew ey
‘INH ‘SSew 3a.4 18} ‘N ‘SSew Je|n|aoeiixa ‘|INDT ‘181em Jenjaoeixa ‘MO ‘Answondiosqe Ael-x ABlaus-enp ‘wX3Q {91038 oe|g pue sumoq ‘g pue g ‘uisloid an1loeal-) ‘dyD ‘aseasip Heay Aeuolod
‘AHD ‘wniojed Alale AJeuolod ‘O ‘WaISAS adUB|[1I8AINS J01JR) YSUI [eJOIARYS] ‘SSH¥E ‘Xapul ssew Apoq ‘NG ‘edniipuadxa ABlaus |eseq ‘339 ‘ssew |32 Apoq ‘NDF ‘palpog-a]de ‘gy :Suolelnalgqay

‘MO 1o NDT yBiam Apoq [e101 ul 8Bueyd ON
'suoisa) Jeurds Jaybiy yum
ssew Jey | pue ‘ssew |92 ajasnw pue ‘NOg ‘INET ‘MO ‘ML Buiysiul

‘MO3 pue NQ3 [NDg ssew

1199 Apoq pue NG ‘MOT paripald gl ‘Answodolyiue :a1nseaw awoan0
"payorew Japuab pue abe ‘(T =) S|0AU0d gV UM s|ans] Ainful

1S 1ualaip Jo sdnolb pue [013u02 usamlaq uonisodwod Apoq Jo uostiedwod
's1eak gi—6T abues abe ‘eibajdered yum g1 ‘eibsjdupenb yum 6T ‘usw 2€

$]0J1U0D gV YNIM [BUOIID8S-SS0ID
LE=N

0T=gpueq

vsn

5y /€49 H90NUNN

"12S yum dnoub ui (T0°0 >o) | sem afejusosad 1ey Apog
‘1S yum dnob ut (50°0 >d/) | sem A4 Apoq [e10) seassym
(T00°0 >d) 4 Sem ssew anssn ues] Apoq [€10] Ing sdnoub y1oq ul Jejiwis sem NG

‘JsjswWonNsusp vx3a

Aq passasse |4 pue anssi} ues| euoifal pue Apoq [€10} ‘g :2INSeal awoaN0
‘paydrew ybram pue ‘biay

‘1apuab ‘abe ‘(6T =v) s|01u0d gy yum Ansodipe pue ||Ag 40 uosLiedwo)

183 T < |d A Ueaw ‘(s1eah gG—9T) 8 F 1€ abe ueaw {|DS Yylm usw 6T

$]01U0D gV YNM [BUOIII9S-SS01D)

6T =N
TT=9gpueqd
puejesaz maN

y»€00¢ /& J3 ssuof

(500 >d/) W4 Apoq [e101 | pey 10S Yyum dnolo

(5000 >) sisAjesed yo

pouad Jesh-g Jad BXz'0 F 6°S 40 alel e Je ‘abe Jo Juspuadapul g 0} punoy Sem pue
‘UM gV Yim pasedwod (G0°0 > o) ssew uea| Apog [e10} JO 1 pey [0S UM uim|

"JI8}3WONSUP XA Ag passasse N pue ues| ‘g :2Inseaw awodnQ
"uIm 910bAzouow Yyum sasualagip uonisodwod Apoq jo uosiiedwo)

(s1eak 97-€) 6 F 9T IdA uesw
‘(s1eak 85—Gz) 0T F O 9be ueaw ‘eibajdesed a19]dwod YIIM Usw g JO SUIMI Y

S|0J3U0D gV YNM [eUOIII3S-SSOID)
9T =N

g=dpued

vsn

oy /2 18 Usbunds

“10S ynm sutm ut (G0°0 >o/) 1 a1am
M1 01 N4 pue A4 01 A4 JO sonel Ing ‘sdnouf usamiaq Jusjeninba sem |4
um gv uey (500 > @) 33 pue (5000 >f) 338 1 Pey 10S Yum umL

Mgl ‘Answondiosqe Aei-X ABlaua-jenp Aq passasse

N4 pue N4 ‘Aswinioled 10a11pul A 334 pue 339 :a4nseswl awWodnQ

"uImy onobAzouow Yum ININH pue ainiipuadxa ABJaus Jo uosuredwo)

'SIeak 6 F GT IdA UeaW ‘Sieak g F /€ abe ueawl {[DS Yum usw €T 4O SUIMI gV

$]01U0D gV YIIM [BUOIID8S-SS0ID)
9 =N

TT=dpueq

vsn

Jp /18 UWINeg

“12S ynm dnoub ut (T000'0 =) | 84om S[ans| axeldn uisal g1
‘1S yum dnoub ur 4 a1em (20°0
=d) sIan3] (71) urxosAuy pue (T000°0 =) S19A8] (€.L) dutuoIAyiopolLs ues iy

spoyiaw Aesseounuuwi :ainseawl aWodnNQ

‘payorew Japush pue abe ‘(0 =) S|101U00 gV UM ‘SE1 J0 aduajenad
[eS1UI]9 PUB 82UBPIDUI BY} BUILLIBIBP 0} pUe UoIIdUNY PI0JAY} JO uostiedwo)
‘(sieak 0G—-2) 2 Id A Ueaw (steak zg-zz) 65 abe ueaw ‘UeWOM T pue Usw 6g

S]0J1U0D GV UMM [BUOIDSS-SSOID
09 =N

sT=gpueq

vsn

scWNIAUSITY PUE 3[1A8YD

‘sasuodsal H pabuojoud Jo pajelabbexs Buiney

8 UNM ‘sasuodsal HT | pey 1DS Yim suosiad ‘sjouod gy yim patedwod
"S[ans] unaejodd WNISs | YIM TT pUe ‘S|ans] 1L Winias | YIM g ‘suowioy
Bune|nwns-a|o1]|0) WNJSS | UNM T ‘€1 JO S|aA3] MO] Pey |DS UYim suosiad ¢

(1) sutuotAyropolty

‘Resseounwiwiolpel {H7 ‘sa1pnis 9160]0ULI20PUS :8INSEAW BWOIINO

"paydrew paydrew aAde Ajjenxas pue ‘abe ‘(og =

U) S]043U02 gV Ylm saxe plosAyy Areyinud pue sejnonsal-Asenniid jo uostiedwo)d
(s1eak ¥7-67) 6'G IdA Ueaw :(s1eah 6°cy— LT) 7' TE 9be ueaw {|OS yum usw og

$10J1U0D GV UMM [BUOND8S-SS01D
09 =N

yi=gpued

EUlyd

1g/2 18 Bueny

"H pa1ens]a pey sased  pue auowlioy Burejnwins

-9]011]0JWINIAS PaTRA3|a PRy DS YlIM suosiad g ‘|aAs] | WINISS PaleAs|s pey

$ased G pue ‘elwsunoejoidiadAy pey |DS yum suosiad /T ' WNJI8s MO| pey sased
8 pue ‘|aA3| 92UBJ3431 MOJ3Q BUIUOIALIOPOIL] WNJSS 4 PRy DS YIM suosiad L

SpoylaWl Aesseounwiwiolpes :aInsesll awodn0

"payorew Japuab pue abe ‘uonejndod

90uaIa)al gv yum | pue uidonopeuob Jo sulaned suowloy o uostiedwod
“(sreak

02 Sypuow—g) 2'9 IdA Ueaw :(sieak yy—8T) 'T€ 3l uBdw [|OS YlM UdW €9

S|0J3U0D gV YNIM [eUOIII3S-SSOID)
€9 =N

6=4dpued

BUIYD

gc/2 18 Buep

"SON|eA SU1|3SE( 104 SPEW SeMm U0I1991102 JI pateaddesip saousiayip ing ‘dnob
12S Ul (T00 >f) 4 Sem auouwioy Buises|ai-uidosoofio9 0} asuodses [0SIHOD

Spoylaw AesseounwiwioIpes :2Inseall aWwodN0

‘payorew Japuab pue abe

‘(Gz =v) s]0u0d gy Yim sixe [eusipe-Arennid-snwefeyiodAy Jo uosuedwo)
“(s1eah 8'GT-T'T) G'L Id A uedwW :(sreak GG-8T) ¥'GE afe Ueaw {1OS YIMm usw Gz

S10J1U0D GV UMM [UOI1D3S-SS01D
05 =N

0T =9gpueqg

euyo

0e/2 78 Bueny

S1insay

SPOYR N

Py

CIHR Author Manuscript

CIHR Author Manuscript

CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 20

Hitzig et al.

‘Ainfui-1sod s1eak ‘|d A ‘Ainful paod feulds ‘1S ‘arejns auoiaisoipueldaoipAysp ‘SQ ‘8103S Yoe|g % sumoq ‘g pue @ ‘xapul ssew Apog ‘|G ‘palpog-ajge ‘gy :SuolieinaIqqy

'S|04JU0d gV Ueyl S ewse|d ueaw

10 s19n9] (S0°0 =) | pey eibsdens) yum suosiad Inq ‘pabiaws [0SILOD
eLwSe|d ueawW UO Sa2UdJaIP ou ‘Aunful JO [9A3] UIYIIM PBUILLEXS UBYAA
'12S ynm suosiad

ut (AjaAnoadsal ‘G0°0 =4 PUe ‘90°0 =) | 81am S pue |0S11I02 ewse|d

‘Spoylaw Aesseounuuwil :aJnseaw awodnNQ

"payorew Japush

pue abe ‘(8T =) $]041U0D Y YIM Uo11ouNny [eualpe pue Arejinyd Jo uosuedwo)
‘Syluow 9'g¢ IdA uesw

‘(s1eak 0G-T2) 9'z€ abe ueaw ‘eibajdered yum suosiad 10} ‘syuow 9'9g |[dA ueaw
‘(sreak TG—6T) 6 abe ueaw ‘e1fsjde.al yyum suosiad Jo} {USWIOM /T pue Usw TT

S]0J}U02 gV YIM [BUOIII8S-SSOID
=N

¢r=d%d

vsSn

6v/2 48 ojoubedwed

(80000 =4 ‘utunnbbewsyolAyd 'ge0'0 =

o ‘UI[BABUOJUO ‘6E0°0 = ‘Paamayod) paisal susfonw aaiy} sy Joj asuodsal
o1uaboisjeq a1AdoydwA| ui uoissaiddns Jueaiyiubis pey DS Ylm suoslad
'$Sa.1S 10 uoissaldap ‘A1aw0lAd Ul aouaIayIp ON

"xapul woldwAs oureIydoAsd piay|l ‘sunod |1ad ‘Aesse

A1191X010142 [192 J3]1 [eanieu ‘Aesse uolresajljoid a1Ao0ydwA| :ainseaw awodn0
"payorew Japuab pue abe ‘(g =) sjo1u0d

av yum Buiag-jjam [eaibojoydoAsd pue ‘Jajeweted s1bojounwwi ue o uostiedwo)

“(sypuow 0ZT-2) 8°€€ IAA
ueaw ‘(sreak 69—0z) Z'9¢€ abe uraw ‘eiba)delia) 819]dWOd YIIM UBLIOM T pue UsW

S|0J3U0D GV Y)IM [BUOIII3S-SSOID
0T =N

IT=d%®d

vsn

gy/2 18 ojoubedwe)

S1nssy

SPOYL N

apIIY

CIHR Author Manuscript

€ 9lqeL

CIHR Author Manuscript

Wwi8)sAs aunwiwi|

CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 21

Hitzig et al.

‘uonejndod soualayal gy
yum pasedwod [0S yum dnoub ul (00 > ) 4 08U [elowsay Ut AING ‘IdA T 184V
"I9S yum dnob ut (50°0 > o) 4 84em snauedfed auy) Je saiiadoud d1uosen|n

‘@gsn s9|Iydy ‘X3Q :aInsesw swoanQ

‘payorew

Japuab pue abe ‘uoneindod aouslajel Gy UM ‘(SSauils) a1nionils auoq

JO pue “(91483UBYI0.3-133UI PUE JLIIUBYD0} ‘B]BUBLI) S, pIBAA Y8U [BIoWa))
uoibas Inwiay rewixoid pue ‘auids requin ‘1aay 1ybul Jo (QINgG 40 uosuedwo)
(s1eak 9e-M G) TZ'0T F

18'S I1dA ueaw ‘sreak 09-6T abues abe (DS YlM UsWom ZT pue usw 6T

$]0JJU0D gV YJIM |eUOI}08S-SS04D
T1e=N

6=9%d

wopBury| payun

‘pe /838 MOYD

‘IdA T> painful spjo Jeak-6E 01 -0Z pUe S|0JIU0D paydrew gy Ueyl uoibal [eioway
ursang (100 >d) 1 pey IdA T< painful a1em oym pjo sieak 6—0z pabe suosied
'S]0JJU0d gV 01 QING 3]qesedwod pey JesA T> painful suosiad

‘Aanlul o [ang] Jo Ainfu 1e abe jo ssapsebal ‘abe yum Buiseasour ‘sdnoib 10S

Jay1o |[e ul paurejurew g auids requinT *dnoib pjo Jesk 6E—0z 8yl Ul |[dA ST

1e eibs|denal yym suosiad ut 4 Juediubisuou e ylIm ajqels sem giNig sulds JequinT

V¥ X3Q -a4nseaw sawodINQ

‘paydrew Japuah pue sbe ‘(g6 =) $|043U0 G Yl Jajueydod) Jajealh ay)
pue ‘a|bueLi S, prepA YJ8u [eJoway ‘aulds sequun| ayl Jo NG 0 uosiiedwo)
‘sIeak

€6 01 8'0 abuel | A ‘(s1eak 8/-02) €'T F 8'8F abk ueaw 1S Yum usw €92

$]0J1U02 gV YIIM [BUOIID3S-SSOID)
GGE =N

€r=d%®d

vsn

1972 19 1B|10ZS

'suoifal y1oq

ur | yBIIs ‘IdA 6T 484V ‘IdA T Jeie 1 saiNg 8jbuer s,paepn pue %o8u [eJowsS

" IdA Se | pauels pue Apuediytubis 4 Jaasu sjuaired ul iNg aulds ‘sanosdwi

uayl pue |dA 6T Je sneare|d ‘|d A T 1e BuiJels paiinado sso| gNg uoibas diH

“dnoub [0uod gy ayr ueyl (2200 >d) 1 I

alam sjuaired pjo Jeak-gG 01 -0 pue p|o Jeak-6E 01 -0z ay} 4O SAING uoifial [eiowa
"dnouf j03u0d gv 8y ueyl (210°0

>d) | a1am sjuaired +(Q9 ayl pue pjo Jeak-6G 01 -0t dY3 J0 sAINg aulds Jequun

"wX3Q :a2Inseaw awodnnQ
‘payorew Japuab pue abe ‘(69=w/) S|0IU0D GV YIIM Jajueyd0.} Jarealb ayy
pue ‘a)BueL s, pJeAA Xdau [eJoway ‘aulds Jsequin| 8yl Jo QNG 40 uosuedwo)
‘sreak 6G—0 abues |dA ‘(sreak 8/—-02) 8 F 8 afe ueaw {|DS Yum usw GET

$]01U0D gV YNM [RUONII8S-SS0ID)
Y0C =N

I1T=9d%d

vsn

0972 19 1B|10ZS

%C' Ve

PUR ‘%€ 77 ‘%T ¢ 81aM 4 ‘USWUOM U] 'S|0JJu0d gV 0] patedwod a|Buet) s, pIepn ul
1 968°02 PUE ‘I8JUBYI0} 131e3IB Ul 1 95G'ZZ 08U [eJoWa) Ul 4 %E'eg ‘s Buowy
“(S00°0 = pue 1000

=) a|bueLn s,plepn pue ‘(T00°0 =4 Pue T00'0 >) Jaiueyool) Jaealh ‘(uewom
~T00°0 >4 ‘8[eW — TO0'0 ></) 08U [eJowsay Jo NG + PeY 1DS yum dnoio

"WX3Q :2Insesw awodnnQ
‘payorew Japuab

pue abe ‘(z6=v) S|01U0D GV YlM 3jBueL S, pIep puR ‘sueydol) Jarealt ayy
|09U [eJOWa) 8y} ‘WIealoy [eIsip pue jewixoid ay) Jo NG Jo uosiedwo)
'sIeak Jg-syiuow 9 abuel

IdA ‘(s1eah 99-T2) 8°/€ abe ueaw ‘eibajdesed Yim UsWOM g pue Usw €€

S]0JU0D GV YUM [BUOIIIBS-SSOID
6YT=N

11=9%0d

329919

¢9/2 18 NOYIAIA

*(T000°0 >d/) dnodB [013U00 GV YuM paredwod %Sz pue ‘Gz

‘g sem sdnouf [DS 158p|o pue ‘a|ppIw ‘1s8BUNOA ul 83Uy auyy Ul INIG JO SSO| UesIN
*dnouf j0u09

gv 1sebunoA o3 [enba sem dnoib 1S 1s8p|0 Jo aulds Jo ANg (10000 >) sdnolb
101302 gV dA139adsal JO SBINSUBP 8Y} JO %STT PUe ‘80T ‘86 a4am sdnoub 10S

(< 0g) 159p|0 pue ‘(‘sieak 0G-T¢€) alppIw ‘(sreak og S) 1sabunoA ui suids Jo QNG

"wX3Q :a2Inseaw awodinQ
‘payorew Japuab pue abe ‘(,T=w) S|01U0D gy Yum uosuedwo)

"9auy pue ‘diy ‘suids Jequin| wodiy painsesw gNg

“(sreah 0v—2) 'L ¥ 6°9T IdA

ueaw (steak 1/ —02) L'6T F 6'EF abe ueaw (DS 819]dwod Y)Im UsWwom Tg

$]01U00 gV YUM [eUOIN08S-SSOID
8y =N

11=9%d

vsn

1578 18 puelies

“JRYSPIW [eJOWS) JO BaJE [e3109 Ul (TO00'0 >d) 1 8J1am |DS yim dnoio
"(AjoAnoadsal ‘anwiay [e1sip pue ‘Yeyspiw Yoau [eJoway
104 %€y pue ‘Gz ‘L) suoiba [eiowsy |je ut (TO00'0 ><) ANE + Pey dnolb 10S

‘sydesBoipel X3 Q :8inseaw awodnQ

‘payorew Japuab pue abe (88T =) S|01U0D G UM Jeyspiw [eJowsa)

3y e saiuadoud o1awosh pue anwsay ayr Inoybnoayl Ng o uosedwo)
‘sieak

TG-T'0 abuel |d A ‘sieak g/—Tz abuel abe (DS YlIM USWIOM / pue UsW 6EZ

$]0J1U02 gV YNIM [BUOII08S-SS0ID
veEv =N

11=a%d

vsn

gg /€79 1[1E41

'(50°0 <) Ja11Jed SIeak QT uael
asoy} 01 Jejiwis alam sydelBolpel dn-mojjo) 8yl Ul punoy suolsuswip STV 8yl

‘sydesBoipel 4y Jequin| :aInseaw awoaNQ

(91=0) s104u0d gy yum

uosLiedwo) “JeAld)ul Jeak-QT e A0 3J1M] PIsSasSe SuoIsuawip aulds requin
‘ABojons

umouun ue pey T pue sa1fojona ewnes-uou pey suosiad € 'sIeak € F 6T IdA
ueaw ‘Aunfur 1e (sieak 19—pz) sieak G F /€ abe Ueaw ‘UeWOM T pue usw gT

feurpnubuo
62=N
L=9%®a
|9eis|
191819 718D

S1nsey

SPOYL N

apIIY

CIHR Author Manuscript

CIHR Author Manuscript

¥ alqeL

Wa1SAS [e19]94S0INISNIA

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 22

Hitzig et al.

'(50°0 >¢) e1ba)dered yum asoys sa eifisjdelis) yum suosiad ui

4 pue ‘sjonuod gy 0} pasedwod (50°0 ></) 1S Yum dnoib ur + Sem |0119[ed ewse|d
“++8D J0 SUOI1R1IUAdU0I JudfeAInba alidsap

'$10JJU09 gy yum paredwod (T000 ><) 1S Yum dnoib ur 1 sem H1d ewseld

"Spoyisw Aesseounuwiwli :3Inseawl sWodNQ

‘paydrew Japuab pue abe ‘(yT=w) sjonuod gy

yum snosoydsoyd pue ‘(++e2) Wwnidjes paziuol “«(HO) §z'T 'a ulwenA (HO)
Ax01pAY Gz ‘(Jo1II9[eI) @ UIWENIA ‘UIUO}IdJed ‘H1d WnJss Jo uosuredwo)
‘s1eak oG — € abuel |dA ‘SIeak 69 — Gz abuel abe {|DS ylm usw O

$]0JU00 gV UM [eUOIN08S-SSOID
S =N

6=9%d

vsn

o/€ 49 UIZEA

‘10S yum dnolb

ul (TT0°0 =) | ‘9DHS AQ papIAIp uaym Ing Jusfeninba sem au0IaIS0Isa) [B10L
"(600°0 =¢f) GOHS pue ‘(9T0°0 =¢) auowoy

Buneinwns ajo11104 ‘(FT0°0 =) areydsoyd wnuas ‘(2000 =) aselajsueljouire
auluee JO S[aA3] | pue ‘(TO00'0 =) SUIUIeaId WNIsS JO S|ans] 4 pey dnoub |OS
(TT9T" =4 ‘o1sAydesw '8T¥0'0 = ‘sisAydelp)

Pa19318p SeM WIRaI0) [RISIP JO adualaIp Juealylubis Ajaseq e ajiym ‘eiqil 4o

(T000°0 =d ‘%92) sishydeip pue (T000°0 =d ‘%St) sisAydelaw ur 4 pey dnoib 10

'sanbiuyda

Aesseounwiwiolpel ‘auueds uondiosgqeuoioyd oiquies) :ainseswl swodnNO
"payorew Japuab pue abe ‘(T=w) S|01U0D GV YIM SIaxJew auog

pue [e21WaYJ01q JO pUe ‘SaiIWaIIXa Jaddn pue Jamoj Jo Qg 40 uosuedwo)
‘(sreak ge-syuow

1) ¥ 1dA ueipaw (sseak $9-GT) 0z Anfur je afe ueipaw {|OS ynm usw 6T

S|0J3U0D GV YNIM [BUOIII3S-SSOID)
8 =N

I1T=d%®d

AemioN

vo/B 18 Uasul

's1S010d031s0 pare|al-uonounysAp proiAyrered 1sabbns synsey

‘IdA T 18ye | renpelb ybijs e yum ‘abuel aduaiayal 8yl Mojaq paurewal s|ans| Hld
‘seale aaly} |[e 10} IdA 6T—0T

1e pjoysalyy Buiyoeal ‘ares Jamols e Je passaibold siyl ‘dno.b abe reak-6 01 -0E 8y}
104 "seaJe 931y} || Joj urdiiubis sem siyy ‘dnoib abe Jeshk-gg 01 -0z aUl 404 IdA
6—T uebaq pue Unway jewixoud 1e QNG ul 1+ aAIssalbold sem aiayl ‘sdnoib e uj
'sdnouf abe Jeak-6y 01 -0g ayl

u1 pue “resk-g€ 0} -0z 8Y} Ul PJOYsaly} a1nioe.) SAOGe 8|gels pautewss giNg aulds

"spoyiaw Aesseounwiwi (X3 :9Inseaw awoanQ

‘payorew Japuab pue abe ‘(z9=w) sjouod gy

yum (H1d) auowoy prosAyeted pue ‘UoIeWIO) SUOQ JO SIBxJeW [BaIWaY20I]
‘UIUOYIDEY ‘WNIDJBD JO S|BA3| WNJSS JO UoSLedWOoD pue Jajueydo) Jarealh ayy
pue ‘a|BueL) S, pJeAA X9au [eJowa) ‘aulds Jequin| 8yl Jo QNG 40 uosuedwo)
'sIeak € 01 8'0 abuel |dA ‘(S1eak 6G5—02) Z T abe ueaw {|DS Yum usw 9/ T

$]01U0D gV YNM [BUOIII9S-SS0ID)
8€C =N

iT=9d%d

vsn

2072 19 1B||0ZS

‘fanfut-isod (50°0 >

‘%GT) SUILOW 2T pue ‘(G0'0 >4 ‘SS8| %G) SUIUOW 9 1 Sem BIQH JO QNG Je|ndsgel L
‘Aanfur-isod (50°0 > ‘sS8| %P BUIN 'G0°0 >d ‘SS3] %E

snipes) syuow T Je e1fajdenal yim suosiad ul 4 eujn pue snipel Jo dINgG [ed1H0D
‘Ainfui-1sod (S0°0 >d 'sS8] %GT BUIN 'T0°0 >d ‘SS9)

%82 SNIpel) syluow T e pue (S00°0 >d ‘SS8| %9 BUIN “T0'0 >d 'S8 %6T SNIpel)
suyuow 9 Je eifia|deial yum suosiad ul 4 euin pue snipel Jo NG Jeindagel L

"190d :24nseawl swodno

‘Anlui-isod

SYIUOW g Je pue ‘ZT 18 9 18 ‘T UIYUM passasse IAIg 821102 pue Jejndagel L
'sieak G — 6T abues abe {|DS YIM UsWOM g pue uswl /g

[eutpnybuoT]

6 =N

yI=aw%a
pueIsz1IMS

2612 19 BAOpUIY-Ad.-

“dnoJB 1011U09 v aU) Uey) (T000°0 >of) AING + Pey 19S Yim dnoio

"100d :2Inseaw awoanQ

‘payorew Japuab pue abe ‘(Tz=w) S|011U0D gV YIIM snipel

pue ‘e1qn ‘Inway Jo syeyspiw pue sasAydids [elsip Jo QNG Jo uostredwo)
‘(s1eak pg-syuow

2) G'2T F£62 IdA ueaw ‘(sieahk G9—0T) Z'¥T F G T obe uesw ‘usw 68

$S]01U0D gV YNM [BUONII8S-SS01D)
0TT =N

y1=89%4

puBlISZIMS

og/E 18 1953

‘IdA € Buimoljoy @iNg auoq Jo a1els Apeass ou 1sahbins suianed
‘PAAIBSO S19M BUOQ Je[nNdage.) snipel Ul sabueyd oN
IdA G°€ UIyIM (S0°0 >¢/) 1 uoq 19edwod pue eIqn Jejndagel |

120d :24nseawl swodno

‘IdA % € "xoidde 1e

pue Ainfui-1sod syaam G Je snipes pue eiqn J0 QNG 10edwod pue Jejndagel |
‘dn

-MOJ|0} Je (S1eak T8—6T) £'6T F 6°0F abe ueaw (DS YlM UBWOM T pue UsW 6

[eutpnyBuoT]
0T=N
zt=9%d
pueIazZIIMS
157273 uinig ap

‘IdA

Z uiynm siuedionued € ui auoq eiqn Buims ui pabueyd uoirebedold A100jan aseyd
‘IdA 2 ulyum

(500 >¢) 4 auoq e1qn Jo sanuadoud 9118Wosb pue ‘Buoq [e31140d pue Jejndsqel L

"901ASP JUBWIAINSBAW SSAUNS auoq ‘] DO :8inseal aWoaINQ

‘IdA g 'xoidde 1e pue Ainfui

-1s0d Sy9aM G Je 8u0q [e211109 pue eIqI) Jo saluadoid oLlawoal pue [einonis
"dn-moy|oy 1e (SJeak 0G-€2) 6 F 7'ZE abe ueaw {|DS YIM Usw ZT

leurpnufbuo]
¢T=N
eT=d%®da
puelISZIMS
0g/2 19 ulnig ap

‘198

UM UIM] U SSO| 8uoq J0 99.63p 0} pajeldosse sem ‘abe Jou pue ‘|DS 40 uoieing
‘'dINg pue DINgG ul sso|

10y sans Jueuiwopald Butaq (T0000 >/) SiAled pue (T000°0 > ) SP3] Yim ‘sjouod
UM} gV yum paredwod (T00°0 >) DINE Apod -[el0) 4 ey 1OS YIM sumL

"WX3Q :2Insesw awodnnQ
‘uIg a1obAzouow Yyum giaNg pue JING [euoifal pue [e101 Jo uostiedwo)
"(s1eak 9z

—€) 6 F 9T IdA ueaw ‘(sreak 8G-Gz) 0T F O abe ueaw ‘eibsjdesed yim usw g

$]01U0D gV YIIM [BUOIID8S-SS0ID)
9T =N

I1=d%®d

vsn

/230 Uewineg

S}nsey

SPOYR N

apIY

CIHR Author Manuscript

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 23

Hitzig et al.

‘Ainfui-1sod syjuow 9 1s414 8Y3 Ul dUII8P [e1Iul U YIM SIA G
1e douseAald ybiy e yum ‘SIA 2T F €T e Sem ured [e181a%S0|nasnw 10y 18SU0 Ues|pl

'SUIUOW 9 > aulIjaseq 18 |d A ueaw
‘(sIeak T8-T2) OF auljaseq Je abe ueaw |DS UM UBWOM ET pue uaw 09

eljensny
0,12 73 11BPPIS

"dno.b g u1 10101paid 1anaq e sem abie sealaym ‘paisal

$319SNW $T/6 Ul Y1Buans 4o si0101pald Janaq alam [aAs] AJIANOe pue Juswireduw |
"uoISualIXa Mod||o [elale|iq Jarealb pey |DS Yim

dnoJb Ing ‘1DS yum dnoif ueyy uoixayly Japinoys [essre|iq Jarealf pey sjouod gy

‘ured qui| Jaddn ‘uonow jo abues aAde Moq|a pue Japinoys ‘yibuans

dub ‘uononppe 1apjnoys 914Uad9a pue UoKINPPE J8PINOYS ‘UOISUSIX3/UOIX3|L
MOQ|3 ‘1apInoys 1oy anbio) abeiaAe J118UINOSI J1JUSIUOT :3INSEaW BWO0IINQO
‘payorew AlAnoe pue ‘spuab ‘abe ‘(zG=

/) S|01U02 gV yim suonouny jeaisAyd quiy Jaddn [eisreiq Jo uosuedwo)
‘(s1e9A Gy — T) SIeAA TT F LT IdA UeaW :(S1eak Gy < ‘sueak

G > :sdnoJb g) sieak ZT F v abe ueaw ‘eibajdesed s19)dwod yum usw zg

S|0J3U0D gV YNIM [BUOII3S-SSOID)
Y0T =N

¢r1=d%®d

eljensny

1,/f8wom| 7 puejiuad

‘10S yum

suosJad u1 Juanbaly aq 03 Jeadde juiol jesswinyous|B sy Jo sabueyd Jes) pue Jespn
"12S yum dnoub 03 pasedwiod sjouod gy

ut (T0°0 >¢/) 1 Sem yreays uopua) [eudiolq 40 ssauxolyl uesw ay} ‘sdnoib usamiaq
uopua) snjeurdseldns sy} Jo SSBUMIIYI BYI Ul pUNO d18M SaduaJaylp ou ybnoyly
'(50°0 > o) e1bis|denay ynum dnoib ui 949z pue ‘eibsjdeled

yum dnolb ul 95zz ‘S|0J1U09 gV JO %P T 40 SI8p|noys Ul punoy alam sa1Aydoslso

‘AydesBouose.y|n :aInseaw awodNQ

"payorew

Japuab pue abe ‘(£0T=v) $]0U09 Y YN SIap|noys Jo uostiedwo)

‘9’8 F L'9 IdA UBsW ‘g'¥T F 0'Gy eifs|dens)

yum dnoub Jo abe ueaw ‘0'ZT F 6'8 IdA Ueaw ‘T°€T F 0" eibsjdesed yum
dnoub Jo afe uesw ‘sieak Go—gT abuel abe (DS YIM USWOM 7z pue usw 96

S]0J1U0D GV UMM [BUOIDSS-SSOID
€2 =N

cz=dw®a

puejuid

', IWIUOYY 72 DeWIAI

‘Juiof JejndIAR|o01WIOITR JO UoNDB|Ipald YiM SIA QT Uey) SS9| Ul

abe paoueApe 40 s1asn Jreydjaaym ul Ajewnid seadde sabueyd Japnoys ainyewsid
"sabueyo a1ydelBolpes Jo aduaploul | pey (sieak og >) abe | ynm suosiad

‘ured Japjnoys pauodal 94TT Ajuo

g ‘sabueyd anijesausbap Jo 8ouapIAs [ed1fojoipe) paresisuowap ajdwes Jo %z/

'sAeJ-X :aInseawl awodNQ

‘IdA GT-G [hun

sieak omy A1ana pue ‘auljaseq e sabueyd Japnoys anrelauabap Jo aduapIou]
‘auljaseq 1e (sieah T8—6T) L€ abe ueaw {|DS YIM USWOM 8T pue uswl GE

feutpniBuoT]
€5 =N
L=d%a
vsn

”Nn_ml_

'$|043U00 gy Uey 31 d1Ajed
1818216 YIIM 1S 10U op |DS yum suosiad ‘Ainfur Jo uonelnp pue abe Jo ssajpiebay
'S|103U02 @Y Uy (S0°0 > o) sisoydAy o1oeI0y} | pey [0S yim dnoio

‘syrewpue] Auoq Jo AydeiBoloyd :ainsesw swodno

"payorew Japuab pue abe ‘(0g=v) $]01U0d gy Yim ainisod Jo uosuredwo)
“(s1edh GT < IdA

79 sleak Op > abe S1eak GT < |[dA 79 SIeaA 0G < abe ‘s1eaks > |dA 79 SIeak o
> abe ‘sIeak G >1d A pue sieak oG < abe) sdnoub unoy ‘e1fisjdelis) yum usw Qg

$]01U0D gV YNM [RUOIID8S-SS0ID)
09 =N

g=g97%a

eljensny

goZHIN 7S SIalsWy

'$1013U0D gV Yum paredwod (EE— pue Zz—) SWNJOA aUoq Jejndadel)

s3] Ul Bunnsal (Sa4njonJls Usamiag aoeds alow 9%gz9 pue ) Lede Jaylny padeds
31aMm 1ey} (959-) ae|ndagel) Jauuly} pue (ssa| %9z— pue 6T—) Jamay pey sdnoib |DS
'$]0)U0d gV YlUM paredwod 4 Ajuedaiyiubis sem auoq Jejnasges) :dnoib 103

"Jabewi soueU0Sal J1jsuUleW X I :8INseall sW0AINO

‘payorew

Japuab pue abe ‘(2 T=v) $]0U09 GV YNM 38Uy 8y} JO aU0g Jejndagel)

10 uostiedwo) ‘s1esh 6'TT F LT'HT IdA UesW ‘sieak /') F GG [esnedousw
-150d J0 afe ueaw ‘s1eak y1'8 F Z'ZT IdA Ueaw ‘s1eak 99'v F 9°zh (sIeak
Ge<) |esnedouswald Jo abe ueaw ‘siesk €82 F 9'G Id A Ueaw ‘SIesk GGz F
0°€2 (s1eak og >) resnedouawald Jo abe ueaw {|DS 819]dWO YIM USLIOM 6T

$]0J1U0D gV YNM [BUOIID8S-SS0ID
9 =N

T1=d%®d

vsn

‘658 19 BPE|S

'$]0J3U0D
gV 0} pasedwod 1S yum dnotb ut (S000°0 >of) | sem A (HO)Ge winiss uesin
'sjoju0d gy ueyy abeyuaalad (500

=) | BSeM UDIYm usI1dlep  UIWeNA alem DS yim dnoib Jo &4 Ajerewnxoiddy

"SpoylaW AesseounuiwioIpes :2Inseall awoanQ

‘payorew Japush pue abe (0G= ) $|0U0d GV Ylm

[a(Ho)sz] a ulwenrixoipAy-Gg wniss ynm Hid pue ‘(d A1) asereydsoyd
auleye ‘uiwngpe ‘(yOd) snioydsoyd ‘(D) wniofed wnias 4o uostiedwo)
‘(s1e9A 8—T) €T F 0Z IdA Ueaw ‘sieah ¢T F TG abe ueaw (DS Yum usw Q0T

$]01U0D gV YNM [BUONII9S-SS01D)
0S =N

oT=9%d

vsn

{g9/2 38 UBLUNEG

'S|0J1U02 gV YlM paledwod [DS

yum dnoub ur | are (100 >) sutjopuidAxosp pue (10000 > ) auljoidAxoipAy
‘(T00°0 >¢/) WiNIofed JO S[aAd] AJeulin 'S|0JU0 gy UM patedwod [0S

yum dnoub ut (T0°0 >o) | 81am [ans] ajeydsoyd Areurin pue [aAs| ayeydsoyd poo|g
"(T000°0 >d ‘%SS) siAled pue (T000°0 >d ‘%8Y)

quii| JoMmO] Ul DN 4 PeY OS]V "S[03U0d gy yim patedwiod (T000°0 >d ‘%6E)
13)uey20.} Y} e pue (TO00'0 >d ‘%0E) X98U [eJowsay 3yl Je QNG + pey %Ma _omv
(%0L-

eIqn [ewixoid pue (95gS-) JNwWay [eISIp Yl 1e | SI SSew JO SSO| SIYL "S|0JIu0d

gV Yynm paledwod 9Ty 40 QNG [euolsa|ans Jo (T000°0 >d/) 4 & pey dnoib |0S

‘spoyiaw Aesseounwiwi ‘Aldwondiosge uojoyd-fenp :ainseaw awodnNQ
‘payorew Japuab pue

abe ‘(Te= ) s]0u0d gy Yyim auljoulpliAdAxoap pue auijosdAxolpAy Aseurin
1O UoIreUIWIRIBP YNM Siataweted a191edoydsoyd papnjoul yeys sajdwes auun
pue poojq 0 pue ‘DNg pue g [euoisa|gns pue -eidns Jo uostiedwo)
"(s1eak T-suypuow

9) 9 IdA uesw ‘(sieak 09 — 8T) £'2T F 9€ abe UesW !1OS YIM Usw T¢

S10J1U0D GV UMM [UOI1D3S-SS01D
29=N

0T=9%q

aouel

/218 fane@

S}nsey

SPOYR N

apIY

CIHR Author Manuscript

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 24

PMC 2011 December 01.

in

available

‘Ainfui-1sod s1eak ‘|d A ‘1a1awolisuap
auoq punosen|n ‘agdsn ‘ulingolb Buipuig-suowioy xas ‘OgHS ‘Ainful p1od jeulds ‘|DS ‘auow.oy proiAyrered ‘Hd ‘Aydeibowoy paziisindwod aaieuenb fessydiiad ‘1 D0d ‘sadeds teulwejosAydodisiul
‘STVI ‘Answondiosge Ael-X ABiaus-enp ‘yX3Q 81098 X2e|g %® Sumod ‘g pue @ ‘AlISUap [eJaulw auog ‘QiNg ‘1Usuod [eJaulw auog ‘QINg ‘olaisodolsiue ‘dy ‘paipog-a|ae ‘gy :SUoIIRINBIqY

Hitzig et al.

"Buibe yym payeldosse *J319WOWRUAD :2INSeall 8WoNQ  S|0JIU0D gV YHM [euol}dss-sso1d

sdaoripenb J1ayy ur yibuas Jo uononpal e pamoys dnoib DS pue sjoiuod ‘payorew 1ybiay pue ‘1apuab ‘abe ‘sjosu0d gy yum (swue pue Haf) 00T =N

ylog "dnoJb DS ay1 Ul uey $j011U0d gy Ul (S0°0 >«) Jabuons sem yibuais sau 1531 Je pue 851949X3 J1118Wos! Bulinp aoueinpus pue yibualis Jo uosuedwo) er=9a%d

‘pauiwexa dno.b abe Aue ui sjou0d 'sIeak 0T — € aburl |dA ‘(SIeak G9—TG ‘sieak 0G—Tv VSN

qv au Jo Aue ueyy yibuains dubpuey ul (o0 > ) 186uons a1am |DS yum dnols)  ‘siesh op—T¢ ‘siesh 0£—0g) sdnoib abe 1noy ‘eibsjdeled 8191dwod yim usw 0 gelowAe 7 Axysjoied
*9[e9s Y3[eay [ejusW ‘9g-4S

‘a[eas ured AjIpoq ‘ajeas aouaiapiaul A1ojuaaul uted Jallqg :ainseaw awodNQ feutpnyBuoT]

‘(s)uswissasse usamiaq sieak 9—z LVT =N

abuel) awiy Jano ured Jo Ajsuaiul pue adusjeasld ayl ul abueyd sy} pauiwex3 y1=8%d

‘3wl Isno ‘(sreak ¥°'/G-2'€) ¥'0T F 9°9T dn-mo|[0} I8 |[d A uesw :(sieak vsn

(T00°0 >¢) | ured Japjnoys Buniodas (%€ 8y—L v€) siuedioed yo uoiodoid 8yl 88-TZ) 0°'ET F 8'8% AN-M0||04 e 8Bk UBdW [|DS UMM USLIOM /€ pue usw OTT 69/8 19 UssUS
*SaIIAIOE

AJ1ep uo aduaJayaul ured ssasse 03 Aljigesip ured d1UOIYD JIOY UOA Jeuipnyibuo

‘ssalisIp [ealbojoyaAsd (ajeas auswnu eIA Alisusiul ured :ainsesw awodnNO el=N

‘IdA G 1e pue |dA T> e ured Jo A1IaASS pue ‘18su0 ‘9aus|eAsld ay) passassy 8T=9%d

s1nssy SpPoyr N Py

CIHR Author Manuscript CIHR Author Manuscript CIHR Author Manuscript

Spinal Cord. Author manuscript



Page 25

Hitzig et al.

‘Anlui-1sod s1eak ‘|d A ‘Bulyieaiq pasaplosip dasys ‘gas ‘Ainful piod eulds ‘DS {8100S 3oe|g 72 sumoq ‘g pue g ‘paIpog-a|ge ‘gV :SUoleIAIqay

‘dnoif

101302 gV 3y} 0 asoy} 03 3|qeedwod aiam pue paroidu
eiba)de.na) yum dnoib ayy Jo susened Buiyreslq ‘awil JsAQ
"dnoJb j01Uu0d gy 8yl yum patedwod eibajdensl yum
dnouf ay3 ul sussned Buiyreaiq pue walsAs Alojelidsal

3y} uo ssalis Jayeal Ul paynsal uonisod Buyess

"awi Alojesidxa pue ‘awinjon

lepn ‘awn Asojedidsuy ‘Buipnjour sioredipul ussiied Buiyiesiq ‘ainssaid yinow Alojedidsui
wnwixew pue ‘Aj1oeded jenpisal [euoniouny ‘Alioeded Alojelidxa padloy ‘aWwNjoA [enpisal

‘Aoeded Alojelidsul ‘Ayoedes [ea 8210y ‘Buipnjoul sisyawered uonouny Bun| :ainseaw awodnNO
‘Ainfui-isod syjuow

2T < pue ‘g ‘g Te passasse sem uonouny Bulyrealg "payorew Japuash pue abe ‘suonisod suidns

pue Bunus ylog ui (8T =) sjosuod gy yum susaned Buiyrealq pue uonouny bunj jo uosuredwo)
'SUIUOW 9'8E |dA Ueaw :(sieak

05-T2) 9°Z¢ abe ueaw ‘eibajdenar yum suosiad 10y ‘TT F Q€ abe ueaw :|DS 81Nk Y1IM UsW 9

*S|0J3U0D GV YHM [eUO[}98S-SS01D
vZ=N

11=9%0d

epeue)

1,18 18 3BpLIan0T

'$]043U02
av ynum pasedwod (T0000°0 >/) sabe 1abunoA 1e

pawels pue (TT0°0 =) Sieak aiow 1oy (ST00 =) 19pnoj
‘(T0000°0 >¢/) UsYo aiow paious |DS YIM s}aalgng

"aireuuonsanb dasjs o1pJou :3INseaw swWodNNO

"payorew Japuah

pue abe ‘das|se pue ayeme uaym (6EE = /) S|0IU0D GV YIIM uoleiniesap uabAxo Jo uosiredwo)d
‘(s1eak

T'Gy—G2) €9 F T'ZT IdA uedw !(sieak 98—/T) T'¥T F §'¢ abe Ueall (UBLIOM // pue UsW TEE

S]0JU0D gV UM [BUOIIIBS-SSOID
Lyl =N

9T=9%d

Mlewuaq

9,U8sUa10S

-Buiiaig pue uasualos-buliaig

"gas J0 aAneaIpul ‘abuel SAITWIOU 8} MO[3] S|aA3]
uonelnyes uabAxo ur 4 pey eibajdensy yum syuaied 9

‘A118wixo as|nd :ainseaw awoaNQ
"payorew Japush pue abe ‘(ZT =) S|0AU00 gV UM uoireiniessp usbAxo Jo uostiedwo)
‘(s1eak Z€-T) OT F T IdA Ueaw (steak 9—-£2) ST F 61 abe ueaw ‘eibajdesis) yum usw 9T

$]0J1U00 gV YIIM [BUOI1D8S-SS01D)

"suoleINyesap UsbAX0 [eulnoou Jusisues
1O Jaquuinu paseatoul ue pey s198lgns g ‘dn-mojjoy
1V %06 MOJaq uoljeIniesap pey s10algns 9 ‘auljaseq 1y

‘A1vWixo as|nd :ainseawl awodnQ

‘dn moj|o} JeaA-G YlIm auljaseq e [DS JO uoneiniesap uabAxo Jo uosedwo)

*(sreak gT-syuow

9) 8'GF L'/ IdA Ueaw i(sieak 1/ — p€) £¢T FT abe ueaw ‘eibajdelia) Ym UBWOM T puR UsW 6

8¢=N
l=d®da
elfensny
o188 Ueyed
leuipnyifuo
0T =N
¢Zi=d%®dad
vSsn

,BUBM pue yoeg

S1nsey

SPOYB N

apIIY

CIHR Author Manuscript

G 9lqeL

CIHR Author Manuscript

walsAs Alojesidsey

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 26

Hitzig et al.

‘Ainlur-isod sreak ‘|d A ‘Ainful p1od Jeulds ‘10S Hoe|g 7® sumoq ‘g pue g ‘palpog-a|ge ‘gy :SuoleinsIqqy

‘anoge

pue 9] jo saunful pey s1a9)n padojanap oym suosiad Jo Aliofew ayL
'$192|n padojanap SIaXOWS-UOU UBY) SI3XOWS 310N

's190|n ainssaid dojansp

01 A|ax1] a1ow Apueaisiubis atem (sutuneals Bajowr poT ueyy

alow) |AH [eb-ni6 Jo uo1eIUBIUOD PaleAs|d PauIRISNS UYlIm S1aalgns

"3UIUIeaID pue ‘wnidfes ‘|AH [eb ‘|AH eb-njb

10 SUOIBIUSOUOD BUILLISISP 0) Pasn Saam 9—f AIans ajdwies auLin Y-tz :2inseall swodno
‘swoydwAs 199N ainssaid 0] UOIIR[AJ Ul SIeaA Z J0) WiSIjogelaw uiys ul sabueyd paio)iuoin
“1eak

T > IdA ‘s1eak gi—gg abues abe ‘1aojn ainssaid || abeis 1sed T 1ses] 16 YUM {1DS YIM usw 09

feutpnyBuoT]
09 =N
gT=a7%a
vsn

6,4904BD) pue ZenBLpoy

'sanfen Jo abuel apim Al
' pey |DS yum dnolb ayy sealsym ‘quaisisuod alam |AH [eb pue |AH
1e6-n|9 JO UOITRAUAIUOD BY) ‘JuedIIUBIS A|[eansie:s 10u ybnoyy v

"sa|dwies autin wouy |AH [eb pue |AH [e6-n|b :ainsesw awo2NQO
‘paydrew Japuah pue abe ‘(G =) S|013U0d gV Ylm uoirepelfiap uis Jo uostiedwo)
‘SUIUOW 9 > |dA ‘SIeaAk 0G—T abuel abe {|DS yim usw 0T

$]0JJU0D gV YUM [BUOINOSS-SSOID
ST =N

8=9%d

vsn

/19 [8M-snejD pue zenbupoy

S1nsey

SPOYR N

apIIY

CIHR Author Manuscript

SaNSSI) SN0BUELINIGNS PUR UIXS

9 9|qeL

CIHR Author Manuscript

CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 27

Hitzig et al.

's118y1ed Areunn Buijjampui
91U0IYD INOYIM puR UM sjuaired Usamiag punoy adualayip Juesniubis oN

‘welBoin A101210X8 SPJ0JaI |IIPAW ,Sludled :8INseaW aWwodINo

‘IdA

0T 01 BUI[aseq Wo.j Ja1ayyed Areurin Buijjampul 91UOIYD B INOYIIM pue yiim syusired
1DS Ul UOIIRIOLIBISP eI pue SuoNealjdwod [ea160jo.n JO 82UapIdUL JO UosLedWo)
1S [€9IAI80 YUM USW /G

'SISe1oa1[ed yum abewep Asupiy Buisned

‘Al pue || apesB 0} passaifioid pue | saxnjjal Jo Jaquinu sy} ‘|dA ¥ JeY
"10e4) Areunin ay) 03 abewrep Huisnes Inoyym Ajsnoauejuods

paJeaddesip awos pue ‘|dA Z—T padojanap saxnjjal Jo Aiiofew ay

‘suolneulwexs \Coumk_onm_ pue _mo_mo_o_nm\_

mc_ﬁz_oc_ .co:uce Jappe|q uo uolew.ojul YlIm spiodal jedlpaw sainsesawl awodnQ
‘IdA 2T

113UN XN|431 [e18124N0JISAA YIM Sjuaited DS WO SHSIA [enuUe JO MaIABL LIeyd [eOIPaIAl
‘Aanfur 1e (seak 99 — 6T) 2262 8. UeaW {|OS YuM usW ||V

leuipnyifuo
LS=N
9T=d%d
vsn

0g/2 19 31ImaqQ
leuipnubuo]
=N
eT=d%®da
vsn

¢g/8 19 PlueT]

'S|03U0d

gV 0} pasedwod 12S yum dnotb ut (2100°0 =o) 1 SeM YSd [eulwss 1oL
'S|0JJU02

gV pue [DS yum dnolb ussmiaqg S|ans] WSd |10 Ul SaouaIayip ON

"Resse N ASXY 104y :2insesw awodnQ

‘payorew Japuab pue abe ‘(i =) s]01U0d

aVv UM VSd [eulwas pue (YSd) uabrue o1419ads ae1soid winiss [e103 Jo uosuedwo)
"(s1eak 8G-8T) 2T'6 F 86'EE abk Ueal '|OS YNM Ual iy

$]0J1U0D gV YNM [BUOI1D8S-SS01D)
88 =N

€Er=da%®d

lizeig

gg /€ 79 OULIPUEXS|Y

"|DS Yum suosiad Ul JUs)Xa Jassa] € JO 8 0} UMOYS

g ‘b yum | 0) punoy Sem S|0JIU0d gV a3 Ul [9A3] YSd WNISS Uea|A
'$|00U0D g

pue |2S ynm dnolB ussmiag s|ans| WSd 10 8z1s a1eisold Ul saousIayip oN

‘AydeiBouosen|n |e10aisuel) ‘Aesse d1reWAZUBOUNWIWI :2INSBAW BWOJINO
‘payorew Japuab

pue abe ‘(GG =) $]01U0D GV YIIM WS WnJas pue azis areisold Jo uosuredwo)
‘(sreah T/2-G€) €'TT F £2'€G 9be ueaw '|OS ynm usw 00T

$|0J1U0D gV YIIM [eUOII8S-SSOID)
SL9=N

oT=9%da

Auew.so

1912 18 Yauued

'$]04JU00 gy pue |DS yim dnoih
UsaMIa( sislaweled awNjoA a1elsold pue S|ans| WSd Ul Saoualayllp ON

‘AydesBouosen|n

[e198JSUBRJ} ‘UOITRUILIEXS [e08. [eNBIp (AeSSe J1118WolpeIoUNWWI :3INSeaW SWO0IINO
‘payorew Japuahb pue abe ‘(T€ =) S|013U0D GV YIM Sd WnJas Jo uosuedwo)
(s1eak G5-G) Z€ IdA uelpaw ‘(s1eah T8-Gy) 85 abe uelpaw ‘|OS YIM usw Tg

S]01U0D gV YNM [BUONII8S-SS01D)

29=N
Zi=d®a

©3I0Y
067218 WIYS

'S|03U0D gV PUB |DS UMM dnolB usamiag s|ans] WSd Ul S30usIaip ON

"Aesse |3\ 10qQY :24nseal awodnQ

‘payorew Japuab pue abe (TOSG =) S]043U0 GV YIM WSd WnJss Jo uosuedwo)
‘(s1eak 8—08 pue ‘sieak 6/-0/

‘s1eak 69—09 ‘sJedk 6G — 0S ‘SIeak 6i—0F) Sieak 68—y abuel abe {|DS ynm usw ||y

$]01U0D gV YNM [RUOIID8S-SS0ID)

'S|0AU0D GV PUB |DS UMM dnolB usamiag s|ans| Sd Ul S3ousIayIp ON

‘Aesse WASXY 10gQy :8Inseaw awodnQ

(T2€ =w) sjonu02 gy paydrew Japuab pue abe YyIM Sd wnias Jo uosuedwo)
‘(s1eak 6.

—0/ pue ‘sieak 69—09 ‘sieak 650G ‘siesk 6—0t) 6.—0f abuel abe (DS yum usw 99g

6L=N

¢i=d%®da

vsn

/219 Aauoy|

S|03U0D gV YIM [eUOII3S-SSOID)
LEL=N

€T=d%®da

vsn

6g/2 19 1pnlueld

(%1°62 1292)

uonrendod gy 031 pasedwod (ZT0°0 =) Jeoued areisoid onoelselsw Jo (g1
abe1s) paoueape A|[edo] pey (969°€9 /) 48oued ajeisosd + 12S yum dnolo
'S1013U09 gy 03 patedwod [DS yum dnoib ul (E40°0 =) | Apuedaniubis
sem sisoubBelp 1e [an3] (WSd) uabnue o1y10ads ayelsold wnias abeleny
'S]043U03 GV JO %'y

01 pasedwod Jaoued ajesoad yum pasoubelp usaq pey dnolb |DS JO %/°T

"saseqerep 1Wwaiedino pue ‘AnsiBal 190U |DS :aInseal aWoaINO

(Sv6 =) J9oued aesold yim usw pue (676 02

= /) S|01U0D gV YIIM J9oued 8]e1so.d JO So1sLIaloRIeyd pue sousploul Jo uostiedwo)
"+ 0G sabe {|0S yum usw 99

S]01U0D gV YNM [BUONII8S-SS01D)

05 ¢C =N
11=d%d
vsn

0g/2 39 1093

S1nsSy

SPOYL N

apIIY

CIHR Author Manuscript

SWaISAS [eunsajulonsed pue AreuLINolIUdD

L 9lqeL

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 28

Hitzig et al.

JuediubIs

J0U Sem siuyy ybnoylfe ‘Mojy poojq [esOINL U1} B SPJemo} Aouspus)

B pey G1 MOJaq SuoISa| Yim syuanied g ‘sjoijuod gy yim pasedwo)

"G MOJaq SUOIS3] YIIM suosiad ul Jejiwis pue (9500 =) GL dA0ge SUuoIsa|
ynm suosiad ul | sem moly poojq Bunsal ‘sjoa3uod gy ynm pasedwo

"aqo.d JajddoQ :ainseaw awodNQ

*(9z =v) $101U0d gy paydlew abe Yim MoJ4 pooq [eS0IsnW [e19al J0 uostiedwo)
(Sypuow $ET-ET) syuow

7€ IdA Ueaw ‘(sieak g9 — 6T) 9¢ abe ueaw {|DS 819]dW0 Yym USWOM QT pue usw Gi

S]0J3U02 gV YLIM [BUOIID8S-SS0ID
18=N

6=9%2a

wopbury| pauun

¢6/2 18 [anuewiwg

'sporiad awn usamiag (T00°0

>d) 4 yuow AIaAs 82U0 Jses| Je adusunuoaul [edsy buriodal suosiad
‘sporad awiy usamiag | Jou

pIp 90UB)SISSE 10} PAdU pue ‘BWBUS pue salo)soddns ‘sanijexe] [eJo Jo asn
‘AlAnoadsal ((10000°0

>d) 08 Pue (50000°0 >d/) 8% 03 69 PUE € Wouy | >dam Jad 83uo

1s89] Je JO Aep A1ans WN}OaIoue 3y} JO UOIENIBAS JO uone|nwns [e)bip Joy
paau ay} ‘[1am sy “(T0000°0 >4) Z Wi 18 /€ sem Jaguinu Buipuodsaliod
3} pue ‘T 8wl 18 g Ul UIW O < SeM UOITeIajap Loea J0) Papasu awi}
3yl "(T00°0 >) pouad Jeak-0T ayp ur | swoydwAs pajejai-uoirednsuo)

'8103S 4N -ainseall awodInQ

.GOON pue wmm._uv Uo_‘_mo_ _mw\A-o._” ® J9A0 U0IduNy |e139.10]|0J PIsSSassy

“(sreak gy—0) OT -z dwn

18 |dA Ueaw {(SIeak 0/-GT) /€ :Z awil e abe ueaw {|DS UM USWOM Gi7 pue uswl #TT

[eutpnybuoT]
65T =N
zt=9%d

wopBury| pauun
1672 18 Bioqeed

'S]0JJU0D gV 8y} JO abueJ [EWIOU BY) MOJS] PUE ‘4 819M

1S Yum suosiad g Ul SJUSIU0D JO HSURI) pue ‘S|0AIU0d gV 0} pasedwod
12S ynm dnouf ur 4 Ajpaxsew sem uojod Ya| ayi ybnoayl sUsIU0I Moj4
“eifa|desed yum sjuaired [je ur 1 sem | [ |9 ‘S|0JU0D GV YlIM pasedwo)

'S1119 :a2Inseaw awodnQ
‘payorew abe

‘(L€ =u) s]01U02 GV YuM [amoq ab.e| 8y} ybnoayl SIUB0I JO JISuel} JO uostedwo)
's1eak GT syluow g abuel [dA Sieak £9—/T abuel abe (DS Ylim UsWom € pue usw g

$]0JJU00 gV YJIM |eUOI}08S-SS04D
8y =N

0T=97%a

Ay

68 9 OpJeusiy

'S|03U0d
gV ui uey) syustied 1OS Ui pafuojoud Apueoytubis sse 110 pue [ 119

11D pue ] 119 :24nseawl swodno
‘(g =) sjonuod

av payorew Japush pue abe yum s1 1D [eiuswbas pue s 1|9 [e10} 40 uostiedwo)
'sAep z—TT abuel |dA ‘Sleak 69—/ T abuel abe ‘uswom GT pue usw TT

$]0J1U0D GV ULIM [BUOIND8S-SSOID)
09 =N

9gT=d%®d

sylewusq

267219 ybousy|

"90UB]SISSE 310W PaJinbal pue ‘13]101 8y} UO Saw}
J1aBuo| Juads ‘uonow [amoq Jusnbaiy ssa| ‘8ausuUOdUL 823} | Py DS

"19]10} 1B BOUBISISSE ‘191101 1B AW} ‘AW0)I8pIoyLIoWsey
‘Kousnbauy UOIOW [MOQ ‘2100S 80UBUIILODUI [228) LUEaLU :8INsesll SWooIN0O

'(L9% =u) s]0u0d gy paydrew Japush pue abe yum Buiuonouny [amog Jo uosuedwo)

‘(sieak 12y
=1'0) ¥T IdA ueaw ‘(s1eak 68-GT) G '€ 8k UeaW [|OS UMM USLLIOM €8 pue UBW 8E

$]01U0D gV YNM [BUONII8S-SS0ID)

€6 =N
9gT=d%®d
puejesz maN

67218 Youk

"0 UBY} Jap|o 1o 0z ey} JaBunoA suosiad 1oy palsixe
30UBJALIP OU ING ‘PlO SIeak 0G—TZ 818M oym suostad 1oy dnoib DS 8inoe
au u1 4 aam smoyy ewse|d aARaya Asupiy [eqolB pue [enpiAlpul ylog

‘AydeiBnuios [eusas palsisse-191ndwod :a1nseaw awodNNO
'(282 =) paydrew Japush pue abe ‘sj0J3u0d gy UM uoiduny [euas Jo uostiedwo)
‘SyjuoW 9—9 21uoIyd Joj abuel |dA ‘sieak 09—9T abuel abe (d1u0IyYd Qg pue 8INde 09T

$]01U0D gV YNM [RUONII8S-SS01D)
189 =N

6=d%d

vsn

g/ 19 Ja18WAIYN

‘(1eak payy) dnoab

Buiurensal Jappe|q ayi ul ueyl (syluow 8T 1s41y) dnoib uoneziseyed-yes
JUBNILLISIUL BY) UI J3I1ea IN220 0} Papus) sanijewlouqe welboin A101810x3
'sau0ls Jappe|q dojanap

01 dnoJb Ajuo ay3 a1am pue ‘Ainfui-1sod syjuow i pue ‘gz ‘/ 1e siuaired

€ Ul pa1ina20 1]naJes Jappelq ‘(6 = ¢/) dnoJb Jalayes Buljjampul ayl uj

‘9JeWe|ey10140 32ULIR8|I [US] HOYS JO UoleulwIaed

‘welboin A101219X39 ‘aUIUIIRaID WNJSS :2INSeall aWodNO

‘Ainlui-isod syjuow 09-9

Te uonouny feusl uo senbiuydsy Juswabeuew Jappe|q JusLIND JO 198)J9 8} payebiisanul
‘Ainfui e sieaA g9—T abues abe ‘uswom gz pue usw //

‘IdA 0T e [esianal yBijs e Joj 1daoxa
‘Ainfur Ja1ge awi JBA0 Pa1da18p SBM HdyJ Ueaw Ul pusJ) Buisesiosp v

'4d¥43 ASupIy [enpIAIpUl PUE [€10) :8INSeal SWOINO

‘IdA 0T 1ses| Je 1o} uonouny

Jeuas wid1-Buoj uo spoylaw Juswabeuew Jappe|q JUSIBKIP JO S198448 By} paren|en]
‘Aanlui e (sreak /8-T) 6/°ST F GZ'TE abe ueaw {|DS YIIM USLIOM 6T pue UsW GT6

leurpnubuo]
66 =N
sT=d%d
vsn

29188 RIBIA
leurpnufuo]
VITT=N
9T=d%®da
vsn

197818 1eX2S

S1insey

SPOYR N

apIY

CIHR Author Manuscript

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



Page 29

Hitzig et al.

‘Ainlur-isod sieah ‘|d A ‘Ainlul piod Jeulds ‘|DS ‘usbiue oiyi0ads-aeisold ‘vSd
‘uonounysAp [amoq d1usfoinau ‘g ‘sawin Jisuedy [eunsaulonsed ‘1 119 ‘mojy ewseld [euas aA198YS ‘T (8109s YIe|g pue SUMoQ ‘g pue  ‘awil JIsues] [e19810j09 ‘] | D ‘paIpog-a|ge ‘gy SUONBIABIQOY

CIHR Author Manuscript CIHR Author Manuscript CIHR Author Manuscript

Spinal Cord. Author manuscript; available in PMC 2011 December 01.



Page 30

Hitzig et al.

‘Ainfui-1sod s1eak ‘|d A 18109S 32e|g 7® sumoq ‘g pue g ‘paIpog-s|ae ‘gy :SUOIRIASIqAY

"JUedLIUBIS JOU SBM BWIY 19A0
ured Jo aouajenald ayy ul Auisusiul 1o abueyd ays ‘|jelano

'31eds yijeay [ewusw ‘9g-4S a1eas ured Aj1ipoq {a1eas adualapiaiul A1ojusaul ured JaLig :8inseaw awoanQ
*(S)usussasse uaamiaq sieak 9—z abues) awil Jano ured Jo Ajsusiul pue aouajeasld ayy ul abueyd sy sutwex3
(sreah ¥°1G-2°€) ¥'OT F

9'9T dn-moJ|04 18 |d A Ueaw :(s1eaA 88—T2) 0'ST F 8'8% dn-mo||0 Je abe ueaw {|DS YIIM USWOM /€ pue usw OTT

'sjulod Juswainseaw
11e sso.2e ured JulSISUOD Paliodal UBWOM Jo Sialenb
-93JY} pue usw ay} Jjey Ajsrewixoidde ‘syuedionued 96 syl JO

"SoNsLIg1oeIRYd Ured 10dal-}]8s :aInseaw awodnQ

's1eak QT sso.oe syuiod Juswainseaw (Uawy) Jnoy pue (uswom) aaays Je ured Jo AQUdISISUOD AU} PIsSassy

(s1e9A 'L F 0T IdA ueaw :(s1esh T9-12) 80T F 0°L€ abe ueaw

aewsy ‘8'8 F T'TT IdA Ueaw {(sieak 0/-€2) §'2T F G0 abe ueaw ajew :| aseyd |DS YM USWOM /g pue Usw 69

'z Jeak pue T Jeak y1oq Je aouaiaiaiul ured Bunodas

asoy} Bulag dnoub 1sap|o ay1 pue ‘z Jeak pue T Jeak yiog e
90uaJapaul uted ou pauodal oym 1S yim dnolb 1sabunoA
(1000 >¢/) Pe1d8Iap Sem aouaIaIalul ured 10} 1088 aby

*ZT WI0J-1I0YS :3INsesll aWwodnQ
"IdA Z pue T T8 82UaJajaiul ured 0} SINGLIUOD Jey) 10108} paulex3
'sIe8A €'9T F 8'9E 1A T 12 9Bk ugaw {|DS UM USWOM 09 pue UsW 0Tz

‘ured alanas pue Bulobuo asuslIadxa 01 anunUo 01 A|dXI|
a1am Ainfur Buimojjoy Ajres uted o1yredoinau Yim suosiad

'S811IAIOR A|Iep Uuo aduaiapiaiul ured

ssasse 03 A)j1qesip ured 21U0JYD JJI0M UOA ‘ssansip [ea1bojoydaAsd ‘ajeas ariawnu elA Alsuaiul ured :ainsesw swodnQ
‘IdA G 1B pue |[dA T > Je ured Jo AJ11aA8s pue ‘18suo ‘aausjeAsld sy} passassy

"SYIUOW 9 > BUI[aSeq 18 |d A UeaW (s1esh T8-TZ) OF auljaseq Je abe ueaw ‘|DS YlM USLIOM ET pue usw 09

leuipnubuo]
YT =N
y1=9%d
vsn

69/8 18 Uasua
leurpnufbuo]
96 =N
gT=9%d
vsn

16/2 19 eleury
leurpnubuo]
0LZ=N
T=d%da
vsSn

06/2 18 B 2INd
feurpnubuo
€L=N
8T=9%d
eljensny

0,12 73 11BPPIS

sinsay

SPOYR N

apIIY

CIHR Author Manuscript

Wa1SAS SNOAIBN

8 9lqeL

CIHR Author Manuscript

CIHR Author Manuscript

PMC 2011 December 01.

in

available

Spinal Cord. Author manuscript



	Abstract
	Introduction
	Materials and methods
	Results
	Cardiovascular System
	Endocrine System
	Immune System
	Musculoskeletal System
	Respiratory System
	Skin and Subcutaneous Tissues
	Genitourinary System
	Gastrointestinal System
	Nervous System

	Discussion
	Cardiovascular and Endocrine Systems
	Immune System
	Musculoskeletal System
	Respiratory System
	Skin and Subcutaneous Tissues
	Genitourinary System
	Gastrointestinal System
	Nervous System

	Summary
	Limitations
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8

