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Abstract
Study design Non-randomized open-label clinical trial of oral alendronate after teriparatide therapy in people with spinal
cord injury (SCI) and low bone mineral density (BMD).
Objectives To determine if alendronate would prevent bone loss after discontinuation of teriparatide.
Setting Outpatient research clinic at Northwestern University Feinberg School of Medicine.
Methods Seventeen participants with chronic SCI who recently completed 12–24 months of teriparatide treatment received
oral alendronate 70 mg once weekly for 12 months. Participants were evaluated at baseline, 6 months and 12 months. Bone
was assessed by: DXA at the spine and hip, CT at the distal femur/proximal tibia, serum collected for bone markers, and
bone strength determined by finite element (FE) analysis of the proximal tibia.
Results Areal BMD showed no significant change from baseline at the total hip or femoral neck, where mean change (SD)
was 1.3% (4.7) and 0.54% (5.0), respectively. However, areal BMD increased significantly at the spine by 2.5% (4.6). CT
demonstrated significant increases in bone mineral content at the femoral epiphysis, metaphysis, and diaphysis, 15% (18),
7.7% (12), and 3.0% (3.5), respectively. Measurements at the tibia illustrated improvements and reductions, but no changes
to FE-predicted strength were observed. Biomarkers illustrated inhibition of bone formation and resorption, with P1NP and
CTX decreasing by 52% (82) and 62% (74), respectively.
Conclusion Twelve months of alendronate after discontinuation of teriparatide in people with SCI can prevent bone loss and
may increase bone mass and preserve bone strength at the spine, hip, and some sites of the knee.

Introduction

Many individuals with acute spinal cord injury (SCI)
experience a significant reduction (up to 60%) of bone mass
and bone strength in their femur and tibia with bone loss

being most rapid in magnitude during the first 1–3 years
after injury [1–3]; thereafter, the rate of bone loss slows,
reaching a new steady state [4, 5]. The rapid deminer-
alization in the acute SCI setting stems primarily from the
cessation of weight-bearing [6], which accompanies motor
complete and many motor incomplete injuries [7]. By the
time the injury reaches a chronic stage, the amount of bone
mass remaining is low, making the bone weak and highly
susceptible to fractures [8]. Fracture incidence in people
with SCI increases with injury duration, with mean time to
first fracture reported to be 6–9 years after SCI [9, 10].
Fractures occur predominantly below the neurological level
of the SCI lesion, most commonly occurring in the lower
extremities, where bone loss and changes to bone micro-
architecture are most significant [9, 11, 12]. These fractures
are often a consequence of minimal to no trauma and
can lead to secondary complications [12–14], further loss
of independence, increased financial burden, and the
likelihood of another fracture [15].
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Currently, there is no standard of care to treat the existing
bone loss and the high risk of fracture in the chronic SCI
population. Rebuilding lost bone mass would be an
important step in the reduction of fracture incidence.
Therefore, treatment with anabolic agents, which increase
bone strength and decrease fracture incidence by stimulat-
ing bone formation, would be the expected approach
[16, 17]. Our group has recently reported on the use of
teriparatide [18], a peptide containing the biologically active
N-terminal 34 amino acids of parathyroid hormone and the
only anabolic bone agent available at the time the study was
started, in people with chronic SCI. In that clinical trial,
though treatment with teriparatide was not associated with
robust improvements in bone mineral density (BMD) at the
knee, treatment did result in modest increases in BMD at the
spine and hip in people with long-standing SCI after 1 or 2
years of treatment.

Termination of teriparatide therapy without initiating
further pharmacologic intervention is known to lead to rapid
loss of the newly gained bone [19–22]. Treatment with
alendronate after at least a year of teriparatide therapy has
been demonstrated to prevent such bone loss and either
maintain or further increase bone mass [19, 22]. Based on
these observations, the current study was undertaken to
examine the effects of bisphosphonate treatment (1 year of
alendronate) on bone mass and bone quality in patients with
chronic SCI after the discontinuation of anabolic therapy (1
or 2 years with teriparatide). We expected to observe either
maintenance or increase in bone measures, over the course
of the study.

Methods

Study design

This study was a single-site, non-randomized, open-label
clinical trial conducted from April 2014 to August 2016 to
determine if alendronate would be effective in maintaining
the BMD increase observed after at least 12 months of
teriparatide therapy. Invitation to enroll in this 12-month
study was only offered to the group of participants with
chronic SCI, who had recently completed a randomized
controlled trial of teriparatide and/or vibration therapy
(NCT01225055) and its open-label teriparatide extension
(NCT02025179). These two teriparatide treatment clinical
trials have been previously reported by our group [18] and
hereafter, will be referred to as the parent protocol or
parent study.

All visits occurred at Northwestern University Feinberg
School of Medicine (NU) and the Rehabilitation Institute of
Chicago (RIC), now known as the Shirley Ryan AbilityLab.
Bone quality assessments mirrored those of the lead site as

described in the parent protocol [18]. This study was
registered with ClinicalTrials.gov (NCT02195895) and was
approved by the Northwestern University Institutional
Review Board (IRB) and DOD’s Human Research Protec-
tion Office (HRPO). Informed consent was obtained prior to
the start of any study procedures.

Study participants

To be eligible for the parent protocol [18], participants
(male or female) were required to be at least 21 years old,
and non-ambulatory following a history of SCI, classified
based on chart review or assessment by the referring phy-
sician. They were also required to have (1) low bone mass
at the total hip or femoral neck based on dual-energy
absorptiometry (DXA), with a Z-score ≤−1.5, T-score ≤
−2.5, or T-score <−2.0 with a history of a fragility fracture,
(2) a SCI at least 1 year before the start of the study, (3) an
ASIA impairment score of A, B, C, or D (non-ambulatory),
(4) normal renal function, TSH, and calcium levels, and (5)
25-OH Vitamin D levels ≥20 ng/ml at baseline. Individuals
were excluded if they (1) had known allergies to teriparatide
or a history of teriparatide use (last 24 months), (2) had a
history of bone metastasis, radiation therapy, or Paget’s dis-
ease of bone, (3) used anticonvulsants at a frequency deter-
mined to interfere with bone metabolism, (4) had elevated
liver function (more than two times normal limit), and (5)
were pregnant, lactating, or planning on becoming pregnant.

Out of the 24 individuals who completed the parent
protocol and received 1 or 2 years of teriparatide therapy, 17
agreed to participate in the current study. Of the seven who
did not continue, only one cited a medically relevant reason,
as they were not able to sit up for 30 min to safely take
the drug.

Study treatment and procedures

Each participant from the parent protocol was further
screened to ensure safety prior to enrolling in this open-
label study. Major exclusion criteria included: (1) renal
insufficiency, (2) not able to sit upright for at least 30 min
after taking study medication, (3) poor dental hygiene or
plans for dental surgery in the next year, and (4) esophageal
abnormalities.

After passing the screening procedures, participants were
carefully instructed in the proper way to take the study drug
(first thing in the morning, sitting upright, on an empty
stomach with a full glass of water, etc.). Participants
received study drug (alendronate 70 mg) for weekly use and
supplemental vitamin D (cholecalciferol 1000 IU) and cal-
cium (calcium carbonate 1000 mg) for daily use. Study drug
and supplements were provided in sufficient quantities to
last until the next clinic visit. Follow-up study visits
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occurred every 3 months after the initiation of study treat-
ment over the course of 12 months. Adverse events and
compliance were assessed at each visit.

Bone quality assessments were collected at baseline, and
again at 6 and 12 month after starting alendronate therapy,
and included DXA scans of the lumbar spine and bilateral
hips, computed tomography (CT) of the non-dominant
knee, and serum bone markers (collagen type 1 cross-linked
C-telopeptide [CTX], type 1 procollagen amino-terminal
propeptide [P1NP], and bone-specific alkaline phosphatase
[BSAP]). Since enrollment into this study began shortly
after the completion of the parent protocol and the bone
quality assessments were identical in all studies, the final
(month 24) visit of the parent protocol was used as the
baseline visit for this study. If more than 3 months elapsed
between the studies, bone serum markers, DXA and CT
imaging were repeated prior to the start of study treatment.

DXA acquisition and analysis

All scans were performed with a Hologic QDR 4500A
(Hologic, Waltham, MA, USA) as previously described
[23]. Standard acquisition and analysis protocols were used
to quantify areal BMD (aBMD) of the lumbar spine, total
hip and femoral neck, from frontal plane images. Quality
control of the DXA machine included measurements of the
spine phantom daily, body phantom three times/week, and
air scan and tissue bar scans weekly. The non-dominant hip
data (total hip and femoral neck) were chosen for analysis.
For participants with significant heterotopic ossification
(HO) or other artifacts in the region of interest, the domi-
nant hip data were used.

CT acquisition and analysis

CT image acquisition and analysis were performed
according to a previously published protocol [18], repeated
here briefly. Scans of the knee were acquired using a Sen-
sation 64 Cardiac Scanner (Siemens Medical Systems,
Forchheim, Germany), with scan settings of 120 kVp and
280 mA. Images were acquired with an in-plane resolution
of 0.352 × 0.352 mm with a 1 mm slice spacing. A 30 cm
long scan was used to capture ~15 cm of the proximal tibia
and distal femur, respectively. A hydroxyapatite calibration
phantom was placed in the field-of-view, which allowed us
to identify a linear regression relationship between mineral
density (g/cm3) and CT absorption (HU; Hounsfield units).

Regions of interest from each scan were identified
using Mimics (Materialise, Leuven, Belgium) software. A
threshold of 0.15 g/cm3 was used to identify the periosteal
surface of the bone, and some manual clean-up was done to
isolate each bone and fill in small gaps at the epiphysis.
Images from the baseline assessment, prior to any treatment,

were manually aligned along the longitudinal axes of the
tibia and femur. Scans from each follow-up visit were
registered to their corresponding aligned baseline images
using a least-squares optimization algorithm available in the
Mimics software.

Aligned scans of each bone were separated into different
regions for CT analysis. First, segment lengths (SL) were
estimated from published proportionality constants [24] and
self-reported stature. Segment lengths were then used to
separate each bone into epiphyseal (0–10% SL), metaphy-
seal (10–20% SL), and diaphyseal (20–30% SL) regions.
Each region was further separated into integral, trabecular,
and cortical compartments. The integral compartment con-
tained all voxels within the periosteal surface. The trabe-
cular compartment was identified by applying a 10-pixel
(3.52 mm) in-plane erosion to the integral compartment.
Finally, cortical bone was identified by Boolean subtraction
of the trabecular region from the integral region, followed
by a thresholding of 0.35 g/cm3 to remove any remaining
trabecular bone. We reported volumetric bone mineral
density (vBMD; g/cm3) for trabecular bone and bone
mineral content (BMC; g) and bone volume (BV; cm3) for
cortical bone. The trabecular compartment was omitted
from analysis of the diaphyseal region. Finally, we com-
puted a compressive strength index (CSI; g2/cm4) and tor-
sional strength index (TSI; cm3) using previously reported
equations [25, 26].

Finite element analysis

We also generated CT-based, subject-specific finite element
(FE) models of each bone, in order to assess torsional
stiffness and strength. Briefly, images were resampled to
isotropic 1.5 mm resolution voxels and a hexahedral mesh
of the same size was generated by voxel conversion.
Material properties were assigned based on average CT
intensity at each element location using equation 1:

E3 ¼ 6570 � ρ1:37app ð1Þ

ρapp ¼
ρHU
0:626

ð1aÞ

where E3 is the Young’s modulus in the proximal–distal
direction (MPa), ρapp is the apparent density (g/cm3) and
ρHU is the CT-derived density (g/cm3). The other elastic
constants were computed using previously published
ratios of anisotropy: E1= 0.574·E3, E2= 0.577·E3,
G12= 0.195·E3, G23= 0.265·E3, G31= 0.216·E3, ν12=
0.427, ν23= 0.234, and ν31= 0.405 [27]. Here subscripts
1, 2, and 3 denote the medial–lateral, anterior–posterior, and
proximal–distal directions, respectively. Bone material
failure was simulated using a bilinear elastic-plastic model,
where yield was defined with a quadratic Hill criterion for
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orthotropic materials [28]. Surface nodes on 2 cm of the
diaphyseal end were rigidly fixed, while torsional displace-
ment was applied to surface nodes on 2 cm of the
epiphyseal end. Torsional stiffness (Kt) was quantified from
the linear region of the simulated torque-rotation response.
Torsional strength (Tult) was computed as the applied torque
required to cause 10% of the surface to exceed a maximum
principle strain of 1.41% [29]. This modeling procedure
was thoroughly validated using cadaveric tibiae [29], and
has been used to study individuals with SCI [18, 30, 31].

Statistical analysis

Statistical analyses were performed using SPSS software
(version 24, IBM, NY, USA). The primary outcome mea-
sure was percent change in DXA BMD at the total hip at
12 months. Secondary outcome measures included changes
in BMD at other skeletal sites, changes in CT-defined
skeletal outcome measures and serum biomarker changes.
Paired Student’s t-tests were performed at a significance
level of 0.05, comparing the value of each measure at
follow-up against the baseline measured prior to treatment
with alendronate. To confirm validity of this test, we
assessed the normality of paired differences using the
Shapiro-Wilks tests evaluated at a significance level of 0.05.

Results

Participant flow

Seventeen participants who completed the parent protocol
agreed to participate and qualified to enroll in this open-
label extension study. Thirteen participants completed the
study per protocol. Four participants had to discontinue
medication for varying lengths of time during the
12 months. One was on bed rest for a pressure sore, and
unable to sit up for 30 min to safely take the drug. Two were
taken off study drug due to a potential need for surgical
tooth extraction, and one required fenestration of a spine
syrinx (around week 24) and experienced medical compli-
cations. However, all returned for a final visit. Sixteen
participants used the therapy for >76% of the 12-month
duration of this study, while one used study drug for only
21% of the duration of this study. This individual was
assessed as a possible outlier, but excluding their data did
not have a meaningful impact on the significance of the
results. Thus, all participants were included in this report.

Participant demographic and clinical descriptors

As described in Table 1, the study population was pre-
dominantly male (76%). About half of the participants were

Caucasian (53%) and just under half were African-
American (41%). Thoracic level lesions were most com-
mon (65%), and approximately three-quarters of the patients
were classified as American Spinal Injury Association
Impairment Scale (AIS) A or B and had a motor complete
injury. Four participants had a history of smoking. Finally,
five participants had experienced at least one incident
fracture after SCI and prior to the start of this study. One
participant experienced a fracture while in the study; this
individual was also assessed as a possible outlier. Excluding

Table 1 Patient demographics and clinical descriptors

Open-label cohort, n

Participants 17

Age, mean (SD)

Years 44 (13)

Gender, n (%)

Male 13 (76)

Female 4 (24)

Ethnicity, n (%)

Non-Hispanic 14 (82)

Hispanic or Latino 3 (18)

Race, n (%)

Caucasian 9 (53)

African-American 7 (41)

Asian 1 (6)

Time since injury, mean (SD)

Years 15 (9)

Spine region, n (%)

Cervical 4 (24)

Thoracic 11 (65)

Lumbar 2 (12)

AIS Classification, n (%)

A 12 (71)

B 1 (6)

C 4 (24)

Injury severity, n (%)

Motor complete tetraplegia (>T1) 3 (17)

Motor complete paraplegia (<C8) 10 (58)

Motor incomplete tetraplegia (>T1) 1 (6)

Motor incomplete paraplegia (<C8) 3 (18)

History of smoking, n (%)

Yes 4 (23)

No 13 (75)

History of fracture after SCI, n (%)

Prior to participation 5 (29)

During study 1 (5)

None 11 (65)

Hip aBMD at baseline, mean (SD)

Z-Score −2.5 (0.8)
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their data had little impact on the significance of our results,
and so all data were kept in the final analysis.

DXA outcomes

DXA measurements were analyzed for all 17 participants,
with the exception of one individual’s total hip being
omitted due to HO. As shown in Table 2 and Fig. 1,
6 months of treatment with alendronate was not associated
with a significant change to aBMD at the hip, femoral neck,
or spine, with mean changes of 0.27% (95% CI, −1.7 to
2.2), 1.8% (95% CI, −1.0 to 4.6), and −1.6 (95% CI, −3.3
to 0.05), respectively. After 12 months of treatment, chan-
ges at the hip and femoral neck remained non-significant,
with changes of 1.3% (95% CI, −1.1 to 3.8) and 0.54%
(95% CI, −2.0 to 3.1), respectively. However, a significant
increase in mean spine aBMD (2.5%; 95% CI, 0.17 to 4.9)
was demonstrated after 12 months.

CT and FE outcomes

As shown in Table 2 and Fig. 1, we observed statistically
significant improvements in a number of CT measures at the
distal femur. After 6 months, cortical BMC increased by
14% (95% CI, 3.8 to 24) and cortical BV increased by 13%
(95% CI, 4.0 to 23) at the epiphysis. Further improvements
were seen after 12 months. At this time-point, cortical BMC
increased by 15% (95% CI, 5.5 to 24), 7.7% (95% CI, 1.3 to
14), and 3.0% (95% CI, 1.2 to 4.8) at the epiphysis,
metaphysis, and diaphysis, respectively. Similarly, there
were also improvements to cortical BV at the epiphysis
(15%; 95% CI, 5.8 to 23) and TSI of the metaphysis (4.6%;
95% CI, 1.1 to 8.2). However, a small decrease in dia-
physeal cortical BV was also observed at 6 months (−4.3%;
95% CI, −5.6 to −3.0) and 12 months (−3.2%; 95% CI,
−4.3 to −2.1).

Improvements were somewhat diminished at the prox-
imal tibia (Table 2). At this skeletal site we only observed
increases in cortical BMC (10%; 95% CI, 3.0 to 17) and
cortical BV (7%; 95% CI, 0.63 to 13) at the epiphysis after
12 months. However, cortical BV decreased in the meta-
physis and diaphysis, with changes of −4.0% (95% CI,
−6.4 to −1.7) and −3.7% (95% CI, −5.2 to −2.2),
respectively. Similar changes in these measures were
observed at the 6-month follow-up (Table 2), but we also
observed that metaphyseal trabecular BMD decreased by
−127% (95% CI, −219 to −34) after 12 months. However,
even at baseline, trabecular BMD had a mean (SD) of
−0.002 (0.043) g/cm3

. The negative score here indicates
that many individuals had little to no trabecular bone in this
region even at the start of the study, and a reduction >100%
suggests a region that was entirely composed of marrow fat
with little remaining hydroxyapatite after 12 months. No

other changes were statically significant. We also did not
observe statistically significant changes in FE-derived tor-
sional stiffness (p > 0.21) or strength (p > 0.52) at the tibia at
either the 6 or 12-month follow-up visits (Table 2 and
Fig. 2).

Biomarker outcomes

Biomarker data were analyzed for all 17 participants. CTX,
P1NP, and BSAP were all significantly lower after
6 months, with changes of −61% (95% CI, −92 to −29),
−59% (95% CI, −88 to −29), and −34% (95% CI, −54 to
−14), respectively. After 12 months, CTX remained 62%
lower than baseline (95% CI, −100 to −24) and BSAP
remained 52% lower than baseline (95% CI, −94 to −9.3),
but changes to BSAP were no longer significant (p= 0.36).

Safety outcomes

Eighty-two percent of participants reported at least one
adverse event during the course of the study. Eight of the
adverse events reported were serious (bladder stone, inferior
vena cava shift, two cases of sepsis secondary to an urinary
tract infection (UTI), pressure sore, infection at the site of a
pressure sore, spinal cord cysts, and two UTIs); however,
none was felt to be related to study interventions.

Discussion

The results of this study indicate that one year of treatment
with alendronate following discontinuation of treatment
with teriparatide in people with SCI resulted in main-
tenance of bone mass at most skeletal sites. Alendronate
therapy prevented the decrease in DXA-determined
aBMD that has been reported to occur in able-bodied
individuals after cessation of an anabolic intervention
such as teriparatide therapy [19–21, 32, 33]. Not only did
12 months of alendronate therapy prevent bone loss, but a
statistically significant increase in aBMD was observed
at the spine and numerical increases in aBMD were
demonstrated at the hip. However, these are less common
sites of fracture in individuals with SCI, therefore these
changes may not be clinically meaningful. Results were
more variable at the distal femur and proximal tibia, the
most common sites for fracture in this population. We
observed increases in some skeletal parameters and bone
strength indices at the distal femur, but with mixed results
at the tibia.

Until recently, teriparatide has been the only anabolic
agent approved to treat osteoporosis in post-menopausal
women and older, osteoporotic men [32, 33]. An additional
anabolic agent, abaloparatide, a parathyroid-related protein
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analog, has also been approved for the treatment of
post-menopausal osteoporosis and shown to reduce the risk
of vertebral and non-vertebral fractures over 18 months of
treatment [34]. Because of the marked skeletal bone loss in
many people with long-standing SCI, these anabolic agents
would seem to be preferred approaches to rebuilding bone
mass and bone strength, thereby reducing fracture risk in
this population.

Based on the findings of teriparatide treatment in able-
bodied individuals, we initiated and recently completed a
randomized controlled trial of teriparatide in 60 people with
chronic SCI and low aBMD; this study demonstrated small
increases in aBMD at the spine and more limited increases
at the hip after 1 and 2 years of treatment [18]. As ter-
iparatide treatment is limited to 2 years, and the increases in
bone mass and bone strength were modest, the opportunity

Fig. 1 Mean values (±95% confidence intervals) for serum biomarkers of bone metabolism (left) and select DXA measurements (right) relative
to baseline
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arose to determine if a further year of an oral bispho-
sphonate, alendronate, would result in maintaining the
skeletal benefits of anabolic therapy and perhaps also be
associated with further gains in bone mass and/or bone
strength. Previous studies with teriparatide in post-
menopausal women have demonstrated that discontinua-
tion of teriparatide treatment was followed by loss of

aBMD, and that this loss could be prevented by the use of
antiresorptive therapy [19, 35]. Results of this study support
this notion, as we observed that treatment with alendronate
after teriparatide resulted in small gains, or no significant
change, at the spine, hip, and many sites of the knee.
Reductions were observed at the tibia, a common fracture
site in individuals with SCI, but FE modeling suggested no

Fig. 2 Mean values (±95% confidence intervals) for select CT mea-
surements at the distal femur (top), select CT measurements at the

proximal tibia (middle), and finite element predictions of stiffness (K)
and strength (Tult) at the proximal tibia (bottom)
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significant change in bone stiffness or strength at this
location. This suggests that these small reductions did not
have important effects on the mechanical competence of
the bones.

Teriparatide administration results in an increased bone
anabolic activity, reflected in an increase in serum bone
markers of bone formation such as P1NP and BSAP.
However, there is also a marked increase in serum markers
of bone catabolic activity (e.g., CTX) with use of teripara-
tide [36]. After discontinuation of teriparatide, bone for-
mation decreases significantly while bone resorption
remains elevated, resulting in subsequent bone loss [19].
The use of bisphosphonates, which work by inhibiting bone
resorption, would be expected to prevent this bone loss.
This finding has been reported in post-menopausal women
after teriparatide treatment [19, 35] and in the current study.
Elevated biomarkers of bone turnover, present during ter-
iparatide treatment, were markedly reduced with alen-
dronate therapy in this study. The prevention of bone loss
after cessation of teriparatide has also been reported with
the use of denosumab [37], an antibody to RANK ligand,
which works to inhibit osteoclastogenesis and subsequent
bone resorption.

The knee represents the skeletal site most prone to
fracture after SCI, and therefore the observed additional
improvements in CT-based skeletal parameters at the
distal femur following alendronate therapy was encoura-
ging. Although some CT-based measurements at the
proximal tibia illustrated significant declines following
alendronate therapy (e.g., trabecular BMD and cortical
BV at the metaphysis), FE-derived measurements of tor-
sional stiffness and strength were unchanged from the
final visit of the parent study, which demonstrated
increases in FE-derived stiffness and of 5.0% and 7.4%
[18], respectively, suggesting that improvements to ske-
letal strength were maintained. It is important to note that
the finding of a small but beneficial effect of alendronate
after cessation of teriparatide therapy for people with SCI
and bone loss does not mean that a similar benefit would
be seen in a clinical setting without previous anabolic
treatment. In chronic SCI, bone formation is depressed,
with lower than normal levels of serum markers of ana-
bolic activity [9, 38]. Therefore, additional inhibition of
bone formation with an antiresorptive agent, even in the
presence of inhibition of bone resorption, would not be
expected to provide much, if any, benefit. Indeed, this has
been the finding in the majority of studies done to date
[39–41]. On the other hand, Zehnder et al. [42] suggested
that treatment with alendronate could prevent bone loss
without previous anabolic treatment, though it has
been suggested that the discrepancy between studies could
be due to differences in patient age and lower injury
severity [41].

This study has a few noteworthy limitations. This was
the second extension offered to individuals in the parent
study, and many chose not to continue participating at the
end of each stage. As a result, the sample size is quite
modest. Furthermore, there were not enough individuals to
have a control arm, though this limitation is somewhat
mitigated by the fact that it has already been established that
cessation of anabolic treatment is associated with a rapid
loss of previously gained bone [19–22]. As a result of this
small sample size, however, we are unable to draw mean-
ingful conclusions about potential confounding variables
such as sex or injury severity.

To summarize, in the setting of completion of a course of
bone anabolic therapy, an antiresorptive agent such as
alendronate, may provide additional skeletal benefit to
people with SCI. With new and more potent anabolic agents
available and being actively investigated [34, 43, 44], it
may yet be possible to increase and maintain improved bone
mass and bone strength in people with long-standing SCI.
Though more investigation is required, such treatments
could result in a decrease in fracture risk and fracture pre-
valence in individuals with SCI.

Data archiving

The datasets generated and/or analyzed in this study are
available from the corresponding author on reasonable
request.
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