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Abstract
Background/Objectives: Knowledge of spinal cord injury (SCI) bone changes has been derived primarily
through cross-sectional studies, many of which are controvertible. Longitudinal studies are sparse, and long-
term longitudinal chronic studies are unavailable. The objective of this study was to provide a clearer
perception of chronic longitudinal bone variations in people with complete SCI.

Methods: Bone status of 31 individuals with chronic, complete SCI was assessed twice using dual-energy x-
ray absorptiometry at an average interval of 5.06 6 0.9 years. Because the sample of women was small (4),
the primary analyses of change and comparisons of those with paraplegia vs tetraplegia were confined to the
male participants.

Results: Spine Z-scores showed a significant increase (P , 0.0001). The average Z-scores, initial and follow-
up, were within the normal range. Hip Z-scores also showed a significant increase (P , 0.0001), and hip
bone mineral density (BMD) increased in 48% of the participants. Knee BMD and lower extremity total bone
mineral showed significant decreases (P , 0.003 and P , 0.02, respectively), but increases were seen in 33%
and 26% at the respective sites. Individuals with tetraplegia had significantly lower values across all regions
(P , 0.0001), and changes were significantly different compared with paraplegia (P , 0.0001). Bone values
and changes in men vs women, despite the small sample of women, showed highly significant differences (P
, 0.003–0.002).

Conclusion: Chronic effects of complete SCI do not exclusively result in continued loss of BMD or a static
state of lowered BMD; gain in BMD may occur. The nature and magnitude of the effects of complete SCI on
BMD vary by site, with sex and level of injury, which has implications for treatment and its assessment.
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INTRODUCTION
Bone mineral density (BMD) changes related to spinal
cord injury (SCI) have been divided into 3 general phases
(1). The acute or ‘‘response to injury’’ phase occurs
during the first 4 months or so after injury. BMD at the
knee decreases at a rate of 1% per week, whereas BMD at
the pelvis and os calcis and total bone mineral (TBM) in
the entire lower extremity (LE) decreases at a rate of 2%
per week (2–4). This rapid BMD loss corresponds to

elevation of bone resorption markers in the serum and

urine. The dramatic osteoclastic response is detected by

hypercalciuria, a nonspecific bone resorption marker

(hydroxyproline), and specific markers: deoxypyridino-

line, pyridinoline, and N-telopeptide. All of these

indicators become elevated soon after injury and peak

at approximately 24 weeks after injury (5).

The subacute or ‘‘adaptation and adjustments’’ phase

ensues thereafter and persists for another year, more or

less (3,4). Many of the bone resorption markers have or

are returning to normalcy, whereas endocrine responses,

such as parathyroid (PTH), may have become elevated

but are also returning to baseline. Markers for osteoblas-

tic activity have for the most part failed to show an

increase or decrease in activity during these 2 periods (6–
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13). The BMD loss at the knee decreases to 1% per
month, whereas rapid loss persists at the os calcis and
entire LE (3,4,14).

Few acute or chronic longitudinal studies of bone loss
in this population are available, perhaps principally
because of the small size of this population (15–20).
Interfacility transfers after acute injury and a paucity of
centers for chronic care in the United States, excluding
the Veteran Health Administration, also render data
collection difficult. There have been reports on the
longitudinal decrease in BMD in men with complete
SCI in acute and subacute states (2–4). The purpose of
this report is to document and provide clearer perception
of chronic longitudinal BMD variations in men (and a
small sample of women) with complete SCI.

METHODS
Participants
Thirty-one individuals (27 men and 4 women) with
chronic, complete SCI participated in the study, includ-
ing 16 with paraplegia (13 men and 3 women) and 15
with tetraplegia (14 men and 1 woman). Age at initial
examination was 39.7 6 10.6 years. Duration of injury
(DOI) at initial examination was 14.6 6 8.7 years, with
re-examination at 5.06 6 0.9 years. The initial mean age
and DOI of men was 38.5 6 9.2 and 13.3 6 8.1 years,
respectively, with re-examination at 5.07 6 0.9 years.
The initial mean age and DOI of women was 48.0 6 16.4
and 19.8 6 12.1 years, respectively, with re-examination
at 5.0 6 0.8 years.

Procedures
Dual-energy x-ray absorptiometry (DXA; QDR-2000;
Hologic, Waltham, MA) was used to measure BMD at
the spine, hip, and knee and TBM in the LE. This
procedure also provides age-, sex-, and race-normalized
Z-scores for the spine and hip. BMD at the knee was
measured with modification of the FM-1 Forearm
Application Protocol Software (Hologic) (21). The distal
femur and proximal tibia, as well as their net mean,
which provides a BMD value for the knee, were assessed.
All participants had full initial and follow-up BMD data for
the spine, hip, distal femur, and proximal tibia, as well as
TBM data for the LE. Measures for the hip, distal femur,
and proximal tibia, as well as LE data, were taken from
the dominant hand side based on participant self-report.

To support the long-term reproducibility and mea-
surement reliability, a standard phantom was scanned
before each procedure, and the machine was recalibrated
accordingly to adjust for potential machine and radiation
source changes. For follow-up scanning, anatomical
landmarks were used for positioning of the individual
being scanned by the technician performing the
procedure. These protocols were used for clinical and
research procedures. To further support measurement
reliability, all scans performed for this study were done by
the same highly experienced technician.

Regional results produced a visual radiographic scan
and data. These scans and data were reviewed by a
radiologist (C.A.S.). Individuals with degenerative chang-
es or ossifications were excluded from the study, as were
those with previous fractures at a measurement site,
which may have occurred before, concurrent with, or
after SCI. Individuals with instrumentation/fixation de-
vices that interfered with measurement were also
excluded from the study.

Statistical Methods
Repeated-measures analyses of covariance controlling for
age and DOI were used to assess BMD at all sites, because
age and DOI influence bone loss (22) and because there
were wide ranges in age and DOI represented in the
sample. The primary analyses of change and comparison
of paraplegia vs tetraplegia were confined to the male
participants because of the small sample of women and
because women with SCI have shown different BMD loss
patterns than men (23). The period between initial and
follow-up testing was relatively consistent across partic-
ipants, but it was also controlled in the analyses of
covariance. Repeated-measures analyses of covariance
controlling only for DOI and follow-up time were used for
Z-score data (hip and spine), which are population SDs
normalized for race, sex, and age. Only 1 woman had
tetraplegia; therefore, the only sex comparisons were
made between men and women with paraplegia.

RESULTS
Table 1 provides a summary of the changes observed
across the regions studied.

Spine
The mean spine BMDs increased from initial and follow-
up measurement points. This increase approached but
did not achieve significance (P ¼ 0.095). Spine BMD
increased vs decreased in nearly two thirds of the
participants. The relative/absolute mean annualized
percentage of change was greater for those whose spine
BMD increased vs decreased. The mean spine Z-scores
also increased from initial and follow-up measurement
points and increased in more than three quarters of the
participants.

Comparison of individuals with spine BMD or Z-score
increases vs decreases did not show differences in age,
injury duration, or amount of time from initial to follow-
up examination. No statistical differences in spine BMD
or Z-score were noted between paraplegia and tetraple-
gia.

Hip
Mean hip BMDs increased from initial and follow-up
measurement points. The hip BMD increase approached
but did not achieve significance (P ¼ 0.066). The hip
BMD decreased vs increased in a slightly greater
percentage of the participants. The relative mean
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annualized percent change was greater for those with
decreases vs increases. The hip BMD decreases occurred
in significantly younger individuals compared with those
with increases: 32.7 6 7.4 vs 44.8 6 6.7 years at initial
examination (P¼ 0.0002) and 37.7 6 7.1 vs 49.9 6 7.0
years at follow-up examinations (P ¼ 0.0001). The hip
BMD decreases occurred in individuals who had been
injured a significantly shorter duration than those whose
hip BMD increased: 10.2 6 7.8 vs 16.7 6 7.1 years at
initial examination (P ¼ 0.0341) and 15.2 6 7.2 vs 21.8
6 7.3 years at follow-up examination (P ¼ 0.0259).

There was a significant difference between initial and
follow-up mean hip Z-scores (P , 0.0001), reflecting an
improvement at follow-up (ie, movement closer to the
norm standardized for age, race, and sex). The hip Z-
score increased in two thirds of the participants. The
relative mean change in Z-scores was greater for those
who showed positive changes in Z-score. Hip Z-score

decreases were in significantly younger individuals
compared with those whose hip Z-score (increased:
32.1 6 8.2 vs 41.7 6 8.1 years at initial examination [P
¼ 0.008]; 37.0 6 7.9 vs 46.9 6 8.2 years at follow-up
examinations [P ¼ 0.0063]). However, DOI was not
significantly different for decreased vs increased hip Z-
scores. Neither time from initial to follow-up examination
nor having paraplegia vs tetraplegia was related to
decreases vs increases in hip BMD or Z-scores.

Knee
Initial mean knee BMDs were significantly lower than
those at follow-up (P , 0.003). The distal femur and
proximal BMDs were also lower at follow-up (P , 0.056
and P , 0.015, respectively). Mean annualized changes
were greatest at the proximal tibia and least at the distal
femur. Net average knee BMD decreased in two thirds of
the participants. Relative mean annualized percent
change in knee BMD was greater in those who showed
a decrease vs increase. Average BMD of the distal femur
decreased in slightly more than one half of the
participants. Average BMD of the proximal tibia de-
creased in two thirds of the participants (same as the net
average of the knee BMD). Relative mean annualized
percent changes in distal femur and proximal tibia BMD
was greater for those who showed decreases.

Lower Extremity Total Bone Mineral
Mean LE TBM was significantly lower at follow-up (P ¼
0.02). TBM decreased in nearly three quarters of the
participants. The relative mean annualized percentage of
change was greater in individuals with decreases in LE
TBM. Age, injury duration, time from initial to follow-up
examination, or having paraplegia vs tetraplegia were

Table 1. Longitudinal Changes in Bone Across Regions

Spine Hip Distal Femur Knee
Proximal

Tibia
Lower

Extremity TBD

Pre-BMD (g/cm2) 1.08 6 0.24 0.48 6 0.21 0.41 6 0.12 0.55 6 0.12 0.54 6 0.14 499 6 176.2 g

Post-BMD (g/cm2) 1.10 6 0.29 0.49 6 0.26 0.39 6 0.13 0.52 6 0.14 0.51 6 0.16 467 6 180.9 g

Change (annualized %) þ0.3 �0.4 �1.1 �1.2 �1.5 �1.2

Pre-Z-score 0.0 �1.9 NA NA NA NA

Post-Z-score 0.3 �1.6 NA NA NA NA

Cases with decreases (%) 37 (BMD) 52 (BMD) 56 67 67 74

22 (Z-score) 33 (Z-score)
Cases with increases (%) 63 (BMD) 45 (BMD) 44 33 33 26

78 (Z-score) 67 (Z-score)
Change in those with

decreases (annualized %)
�0.9 (BMD)

(overall change in
Z-score, �0.5)

�3.0 (BMD)
(overall change in

Z-score, �0.7)

�3.0 �2.1 �2.9 �2.1

Change in those with
increases (annualized %)

þ1.0 (BMD)
(overall change in

Z-score þ0.5)

þ2.4 (BMD)
(overall change in

Z-score, þ0.8)

þ1.3 þ0.8 þ1.2 þ1.4

Figure 1. Annualized percent of change.
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unrelated to decrease vs increases in knee, distal or
proximal tibia BMD, or LE TBM.

Figure 1 shows the relative annualized percents of
change across the regions studied. Although the
annualized percent of change in the spine was a positive
0.3% and the annualized percent of change in the hip
was a negative 0.4%, the overall change in spine BMD
only approached significance, and the overall change in
hip BMD was positive but insignificant as described
above. The annualized percentages of change about the
knee were consistent with the overall significant changes
in BMD, with greater loss of BMD proximal to distal,
ranging from a mean of�1.1% to a mean of�1.5%. The
annualized percentage of change in the LE, negative
1.2%, was also consistent with the overall significant
decrease in TBM of the LE.

Table 2 provides a summary of the changes observed
across the regions and differences associated with
impairment and sex as reported below.

Impairment
Individuals with tetraplegia had significantly lower BMD
and LE TBM values across all regions (P , 0.0001; Figure
2). Individuals with tetraplegia had significantly lower Z-
scores than those with paraplegia for both spine and hip,
with similar changes in BMD values. Changes from initial
to follow-up examination in each region were signifi-
cantly different for tetraplegia vs paraplegia (P , 0.0001;
Figure 3).

Sex
Comparisons between men and women with complete
paraplegia, despite the small sample of women, showed
highly significant sex differences: spine, hip, and knee (P
¼0.002); spine and hip Z-scores; and LE TBM (P¼0.003).
Nevertheless, the very small sample of women makes
generalization tenuous. Women had lower BMD values
across all regions at initial and follow-up examinations
(Figure 4). This was also true for the LE TBM and hip Z-
scores (data not shown). This was, however, not true for
the spine Z-score. The mean spine Z-scores for women
decreased from initial to follow-up examination but
increased for men. The changes in BMD and Z-scores
for women at each region from initial to follow-up
examination were significantly different from the changes
observed in men (P , 0.0001); often the changes were in
the opposite direction, such as the spine Z-scores shown
in Figure 5.

DISCUSSION
The chronic or ‘‘impairment’’ phase begins around 1.5 to
2 years after injury. Most resorptive and endocrine
markers have returned to baseline. Cross-sectional studies
have shown annual BMD loss at the hip is �0.5% and is

Table 2. Longitudinal Bone Changes by Impairment and Sex

Men With Paraplegia Men With Tetraplegia Women Paraplegia

Initial Follow-up Initial Follow-up Initial Follow-up

Spine BMD 1.15 1.19 1.07 1.02 1.17 1.14

Annualized change (%) 0.5 0.2 �0.5

Spine Z-score 0.7 1.2 �0.6 �0.5 2.4 2.0

Hip BMD 0.55 0.58 0.42 0.40 0.47 0.44

Annualized change (%) 0.6 �1.4 �0.9

Hip Z-score �1.3 �0.6 �2.4 �2.4 �1.1 �0.9

Distal femur BMD 0.44 0.43 0.38 0.36 0.52 0.49

Annualized change (%) �0.2 �1.9 �1.8

Knee BMD 0.58 0.55 0.53 0.50 0.57 0.54

Annualized change (%) �0.9 �1.4 �0.6

Proximal tibia BMD 0.57 0.53 0.51 0.49 0.49 0.49

Annualized change (%) �1.4 �1.6 1.0

LE TBM 509 493 490 445 372 340

Annualized change (%) �0.6 �1.7 �1.7

Figure 2. BMD changes at primary regions.
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�1.0% at the knee (1,2,4). To date, most studies detailing

the BMD changes have been cross-sectional. In addition,

many have combined acute and chronic losses, used

mixed samples of men and women, and neurologic

impairments (paraplegia and tetraplegia, complete and

incomplete lesions) (24–28). This study documents

longitudinal BMD changes in the spine and LE.

A BMD loss initially occurs at the lumbar spine of

approximately 10%, but this is followed by a net gain

during the ensuing 10 or more years, the latter having

been well documented by cross-sectional studies

(4,15,24–29). This study confirmed that overall BMD is

gained chronically in the SCI lumbar spine. Our study

interval showed a higher value BMD and Z-score at the

lumbar spine in both women (1.14 g/cm2, 2.0 Z-score)

and men (1.19 g/cm2, 1.2 Z-score) with complete

paraplegia, which is higher than their average able-

bodied counterparts. The women, however, actually

began to slowly lose BMD again annually (�0.5%),

although their values remained 2 SD above the norm

for race and age. The annual increase in spine BMD was

greater in men with paraplegia (þ0.5%) than in men with

tetraplegia (þ0.2%), although both had positive gains,

with the men with paraplegia remaining 1 SD above their

able-bodied peers, and the men with tetraplegia with
values within the norm and improving.

These lumbar spine data support the clinical fact that
spine compression fractures in this population are either
underreported or are uncommon. Without additional
underlying, non–SCI-related pathology, the lumbar spine
should never reach fracture threshold and fracture
despite compressive forces of the active, self-propelled
individual with paraplegia. This natural history of BMD
accretion also renders the lumbar spine a poor site for
treatment assessment and modality in this population,
although it is the primary study site for treatment
assessment and modality in the segment of the general
population most affected by pathologic bone loss,
postmenopausal women. The natural history of BMD
gain in the chronic phase may make treatment BMD
endpoints spuriously positive.

Women with complete SCI, as well men with
tetraplegia, may go through a cycle of loss, gain, and
loss, depending on their DOI. Men with paraplegia may
continue to have a net gain. Overall, 63% (17 of 27) of
men gained lumbar spine BMD.

The acute BMD loss at the hip is 0.5% weekly in men
with complete injuries and 0.5% monthly during the
subacute phase (1). It can be extrapolated that BMD loss
will total 15% to 20% by 1.5 to 2 years after injury (4).
Chronically, however, the hip develops some character-
istics germane to the lumbar spine (BMD gain), but also of
the distal LE (BMD loss). The chronic mean annualized
change was�0.4%. Women with complete paraplegia lost
0.9% per year and men with tetraplegia lost 1.4% per year.
Men with complete paraplegia gained 0.6% annually,
perhaps by a similar mechanism for increasing BMD in the
lumbar spine. Men with tetraplegia and women with
paraplegia continue to lose at the hip similar to the lumbar
spine in women with longstanding paraplegia.

The hip Z-scores were relatively unchanged in men
with tetraplegia but improved in both men and women
with paraplegia (Table 2). The hip lost BMD in some
whereas gaining in others, and the hip Z-score improved

Figure 3. Annualized percent change: regional compari-

sons by impairment.

Figure 4. BMD changes at primary regions.

Figure 5. Annualized percent change: regional compari-
sons.
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in two thirds of the sample. This has important clinical
implications regarding spuriously positive treatment
BMD endpoints, as was noted in the lumbar spine. The
tetraplegic hip is nearly osteoporotic and at fracture
threshold, whereas the paraplegic hip is not. However,
individuals with tetraplegia do not experience fracture as
frequently as individuals with paraplegia, perhaps
because of their lack of exposure to risk (ie, mobility
and transfers) despite low hip BMD. The person with
paraplegia, however, may not fracture the hip as often as
older literature suggests (30–34). The incidence of hip
fracture reported in the past has been generated by
hospital-based studies. Because the paraplegic hip is not
at fracture threshold, it should not fracture as often as
other LE locations. A recent outpatient-based fracture
survey supports this assertion (2). We believe the vagaries
of the data (loss vs gain) caused by sex, DOI, and
neurologic impairment also render the hip a potentially
poor study site to monitor the effects of treatment based
on hip BMD. This is disappointing because hip DXA
norms and procedures are readily available, and the hip
has been suggested as the best site for predicting hip
fracture after treatment in the general population (35).

The knee has a rapid decrease of BMD during the
acute and subacute phases, with men losing up to 30% of
their BMD in 1.5 to 2 years, whereas women lose more
(1–4,23). Chronically, the annual BMD loss was 1.1% at
the distal femur, 1.2% at the knee, and 1.5% at the
proximal tibia. Men lose more BMD at the knee than
women annually (1.2% vs 0.6%), but all women lost
BMD, whereas one third of the men’s knees gained BMD.
The annual tetraplegic loss was 1.4%, whereas the
paraplegic loss was 0.9%. This is consistent with previous
reports (4,23,24).

Women with paraplegia and men with tetraplegia
lost BMD at the hip but some men with paraplegia
gained BMD. However, the decrease in hip BMD among
those with paraplegia who showed decline was less than
the decline observed in those with tetraplegia.

LE TBM, as well as BMD of the os calcis and pelvis,
decreases more rapidly than all other sites in SCI
(1,3,4,14). BMD is lost progressively in a proximal to
distal fashion (excluding the pelvis). Bone mineral loss
from the entire LE is reflected differently. TBM loss herein
is 2% weekly, both acutely and subacutely (1). Chronical-
ly, however, the annualized LE TBM loss decreased to
1.2% in men. Men and women with paraplegia lost 0.6%
and 1.7%, respectively, whereas men with tetraplegia lost
1.7%. Even here, however, it seems that the LE can gain
bone mineral as happened in 26% (7 of 27) of the men.
This may reflect hip and knee increments as well as
increments below the knee or the gains at the hip and
knee are larger than the losses below the knee. Chronic
longitudinal studies focusing on the os calcis are not
available to assist in further definition of this phenomenon.

It has been previously reported that completeness of
injury was the most important risk factor for BMD loss

and that individuals with complete injury had BMD loss
greater than individuals with incomplete injury (2,21,22).
The men with tetraplegia have lower BMD and Z-scores
in all areas compared with their paraplegic counterparts.
Furthermore, BMD loss predictably occurred in men with
tetraplegia, whereas some men with paraplegia showed
BMD gains.

Few studies have included sex as a factor for BMD loss
in SCI (3,23). Despite the small number of women with
complete paraplegia in this study, which makes general-
ization tenuous, comparisons with their male counterparts
are quite robust and consistent with previous findings. Sex
differences were noted at the spine and hip BMD, as well
as the Z-scores, knee BMD, and LE TBM. The regions
studied generally had lower BMDs and larger decreases in
BMD during the study period.

The ultimate endpoint for treatment of pathologic
bone loss is fracture reduction. Breaking strength of bone
is linearly related to its bone mineral content, and its
measurement at fracture sites determines fracture risk
(36). The level of BMD in a specific site below which most
fractures occur (minus major trauma) has been termed
‘‘fracture threshold.’’ The prevalence and relative risk of
fracture increases dramatically with decreasing BMD,
whereas it is unlikely above the threshold density. A
majority of postmenopausal pathological fractures occur
at the spine and hip (femoral neck and intertrochanteric
region of the femur). Their assigned fracture threshold
values were established at 0.97, 0.95, and 0.92 g/cm2,
respectively (Z-scores of �2.3, �2.4, and �2.2, respec-
tively) (36). A further refinement of this concept
established BMD fracture thresholds, a point wherein
fractures begin occurring and BMD ‘‘fracture breakpoints’’
at values when the majority of fractures occur (35).

Fracture thresholds, T- or Z-scores, above the knee
have been established in the able-bodied population; but
unfortunately, not at the knee or below. However, the
SCI population frequently sustains fractures about the
knee (30–34). Therefore, we, as well as others, have
attempted to define it (37–41). We believe the fracture
threshold at the knee is 0.87 g/cm2, with a fracture
breakpoint of 49 g/cm2 (approximately 50% decrease in
BMD) (38–41). We considered the os calcis as a site to
study treatment, but this site rarely sustains fractures,
negating an important endpoint (2,3).

This study, in conjunction with our previous studies
and others, may assist in our understanding of the natural
history of SCI osteoporosis, indications for treatment, and
treatment interpretation. Acutely, the knee of the man
with complete SCI loses 1% BMD per week (16%) over 4
months; subacutely, it loses 1% BMD per month (12%)
over 12 months. The knee sustains a 28% decrease in
BMD (more or less) by 1.5 to 2 years. If the knee BMD
continues to decrease at the rate of 1% annually, 20 years
after injury, many men with complete paraplegia will be
in the vicinity of fracture breakpoint (16%þ12%þ18%¼
46%). This places them below fracture threshold and
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slightly above fracture breakpoint. Certainly, if this
person fractures his extremity, he is at risk for another
fracture (38–41).

This study indicates that most women with complete
paraplegia and men with complete tetraplegia will reach
fracture threshold at the knee within a few years after
injury and progress to fracture breakpoint. Men with
complete paraplegia may reach fracture threshold
without progressing to fracture breakpoint. However,
we do not know which group of men with SCI will gain
BMD and which will lose BMD. Eventually, treatment of
SCI osteoporosis should begin before reaching fracture
threshold, especially in women with complete paraplegia
and men with complete tetraplegia, and probably in
women with complete tetraplegia as well. A positive
change in BMD at the knee may indicate treatment is
effective in women with complete injuries and in men
with complete tetraplegia but may be part of normal
waxing and waning of BMD in men with complete
paraplegia.

We understand that much of our work may be
spurious because of small samples, machine precision
error, modified software, and peripheral testing. The
World Health Organization (WHO) based their diagnosis
of osteoporosis, osteopenia, and fracture risk assessment
on central DXA of the hip (42). Peripheral BMD
technologies, excluding wrist peripheral BMD devices,
were not used in the database for establishing WHO
criteria. Many T-scores derived from peripheral BMD
devices are derived from their own manufacturer-specific
and inconsistent young (‘‘normal’’) reference population
databases (43,44). This may leave our distal femur,
proximal tibia, and knee BMD data open to question.

CONCLUSION
The chronic effects of complete SCI do not exclusively
result in continued loss of BMD or a static state of
lowered BMD; gain in BMD may occur. The nature and
magnitude of the effects of complete SCI on BMD vary by
site with sex and level of injury and are associated with
duration of the injury. The spine and hip, anatomical sites
commonly used to assess of the effectiveness of
treatment modalities in the non-SCI population, are not
appropriate anatomical study sites for the assessment of
treatment modalities for individuals with SCI. Assessment
of treatment modality effectiveness for those with
complete SCI should be based on studies of the effects
on the knee. Clinical assessment of fracture risk and
treatment decisions should take into account the BMD
proximity to fracture threshold.
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