
ORIGINAL CONTRIBUTION
Acute Suppression of Bone Turnover With Calcium Infusion
in Persons With Spinal Cord Injury

William A. Bauman, MD1–3; Run-Lin Zhang, MD1–3; Nancy Morrison, RN2; Ann M. Spungen, EdD1–3

1Veterans Affairs Rehabilitation Research and Development Center of Excellence; 2Medical and Research Services,
James J. Peters Medical Center, Bronx, New York; 3Departments of Medicine and Rehabilitation Medicine, Mount Sinai
Medical Center, New York, New York

Received October 31, 2008; accepted May 6, 2009

Abstract
Background: Some people with chronic spinal cord injury (SCI) have low vitamin D levels and secondary
hyperparathyroidism.

Objective: To determine whether, and to what extent, an acute calcium infusion decreased levels of N-
telopeptide (NTx), a marker of osteoclastic activity, in individuals with chronic SCI.

Study Design: Case series.

Subjects: Eight men with chronic SCI. A relatively low serum 25 hydroxyvitamin D concentration (25[OH]D
�20 ng/mL) and/or a high parathyroid hormone (PTH) (.55 pg/mL) was a prerequisite for study inclusion.

Methods: Calcium gluconate bolus 0.025 mmol elemental calcium/kg over 20 minutes followed by a
constant infusion of 0.025 mmol/kg per hour for 6 hours was infused; blood samples were collected every 2
hours for measurement of serum total calcium, creatinine, NTx, and PTH.

Results: All results are expressed as means (± SDs). Baseline serum 25-hydroxyvitamin D level was 14.5 ±

3.5 ng/mL (range: 10.2–19.6 ng/mL); PTH, 70 ± 25 pg/mL (range: 37–100 pg/mL); and NTx, 21 ± 7 nM
bone collagen equivalents (BCE) (range: 14–34 nM). At 2, 4, and 6 hours after the calcium infusion, serum
calcium rose from 9.3 ± 0.2 to 10.8 ± 0.9, 10.5 ± 0.8, and 10.6 ± 0.6 mg/d; PTH was suppressed from 70
± 25 pg/mL to 18 ± 12, 16 ± 9, and 15 ± 9 pg/mL, respectively; NTx fell from 21 ± 8 nM BCE to 17 ± 5,
12 ± 4, and 12 ± 3 nM BCE, respectively.

Conclusions: Serum NTx is a marker for bone collagen catabolism, and its reduction suggests that bone
turnover was decreased. A relative deficiency of vitamin D associated with chronically elevated levels of PTH
would be expected to increase bone turnover and to worsen the bone loss associated with immobilization.
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INTRODUCTION

Acute immobilization is associated with prompt loss of
muscle and, fairly soon thereafter, bone. According to
several studies of persons after acute spinal cord injury
(SCI), bone is rapidly and dramatically lost below the
level of lesion (1–3). What has been less well

recognized is that bone may continue to be lost at
an accelerated rate over the lifetime of a person who is
paralyzed (4). Osteoporosis is recognized as predispos-
ing to fracture, and assuming that other factors
predisposing to fracture are held constant (eg, age
and level of activity), the greater the depletion of bone
mass, the greater the risk of fracture. As appreciated, a
significant loss of bone substance will inevitably result
in an associated loss of bone quality, or ‘‘connectivity,’’
between trabecular structures. If a young person with
SCI loses a significant amount of bone mass immedi-
ately after injury, and if bone loss related to disuse
continues at an accelerated rate over decades, any
additional loss of bone would be expected to increase
the risk of fracture.

An extensive literature exists regarding the associa-
tion between fracture risk and calcium intake in older
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persons (5–8). Although some controversy remains,
there is a sizeable body of evidence that persons who
are either on a low calcium intake and/or are vitamin D
deficient, which would limit gastrointestinal calcium
absorption, have an increased risk of fracture (9–11).
Individuals with SCI have been reported to have a higher
prevalence of vitamin D deficiency than the able-bodied
population (12,13). A mild depression in gut absorption
of calcium may result in a small, but clinically significant,
depression in the ionized serum calcium concentration
that may trigger a secondary increase in parathyroid
hormone (PTH) concentration, which would result in
increased bone turnover (14,15). Because persons with
SCI are activity-limited for life, the metabolic milieu may
determine, in part, their ability to maintain bone mass.
With these considerations in mind, we sought to
determine whether individuals with a relative vitamin D
deficiency could be shown to have a bone turnover rate
that could be suppressed by calcium infusion. In
principle, by decreasing bone turnover in those with
SCI, it may be assumed that bone integrity would be
better maintained.

METHODS

Subjects
Eight men with SCI and low 25 hydroxyvitamin D
(25[OH]D �20 ng/mL) and/or elevated serum parathy-
roid hormone (PTH .55 pg/mL) concentrations were
identified by screening a population sample, and eligible
persons were recruited for study. The exclusion criteria
were medications that affect calcium homeostasis,
history of cardiac disease, arrhythmia, renal insufficiency,
or nephrolithiasis. The average age of the participants
was 34 ± 7 years (range: 23–43 years), with an average
duration of injury of 12 ± 8 years (range: 3–27 years). Six
participants had paraplegia and 2 had tetraplegia. The
ethnic distribution was 5 Latinos, 2 African Americans,
and 1 Caucasian. Participants were recruited from the SCI
Service at the VA Medical Center, Bronx, NY. Institutional
Review Board approval and informed consent were
obtained prior to study participation.

Calcium Infusion
The infusion consisted of a calcium gluconate bolus
(0.025 mmol elemental calcium/kg) over 20 minutes; the
bolus infusion was followed by a constant infusion for 6
hours of calcium gluconate (0.025 mmol/kg/h) (16). The
calcium bolus infusion was begun between 10:00 and
11:00 AM and completed between 4:00 and 5:00 PM.

Blood Collection and Assay
Blood was collected at baseline and at 2, 4, and 6 hours
and immediately placed on ice prior to separation by
centrifugation at 4uC. The serum or plasma samples were
kept at 230uC until assayed. Samples for vitamin D and
PTH were run in batches in their respective assays. Serum
calcium determinations were performed in the general

chemistry laboratory on an autoanalyzer (Technicon
Instruments, Tarrytown, NY). A commercial 25(OH)D
radioimmunoassay was performed (DiaSorin, Stillwater,
MN); 25(OH)D2 (ergocalciferol) and 25(OH)D3 (chole-
calciferol) are measured with identical cross-reactivity for
both calciferols, with levels expressed as 25(OH)D. The
sensitivity of the 25(OH)D assay was 5 ng/mL; serum
within-assay coefficients of variation were 11.7%, 10.5%,
8.6%, and 12.5% at 8.6, 22.7, 33, and 49 ng/mL; the
normal range for 25(OH)D is 9 to 38 ng/mL. Immuno-
reactivity of PTH (Nichols Institute Diagnostics, San Juan
Capistrano, CA) was determined using a kit assay. The
sensitivity of the PTH assay was 10 pg/mL; serum intra-
assay coefficients of variation were 3.1%, 3.5%, and 1.9%
at 13, 23, and 476 pg/mL; the normal range for PTH is 9
to 55 pg/mL. Levels of N-telopeptide (NTx), a marker of
osteoclastic activity, were determined by a competitive-
inhibition enzyme-linked immunosorbent assay (NTx
Osteomark, Wampolo Laboratory, Princeton, NJ). The
sensitivity of the serum NTx assay was 5 nM bone
collagen equivalents (BCE); serum intra-assay variability is
4.6%; normal range for men is 8.1 to 24.8 nM BCE.

Statistical Analyses
Results are expressed as means plus or minus standard
deviations of the mean. After calcium infusion, changes
in serum calcium, PTH, and NTx were determined with
one-way repeated-measures ANOVA with Fisher protect-
ed least square difference post hoc analysis.

RESULTS

Mean baseline serum 25(OH)D level was relatively low
(14.5 ± 3.5 ng/mL), but no study participants had values
below the lower limit of normal (,9 ng/mL) (Figure 1).
The mean PTH concentration at baseline was elevated
(71 ± 25 pg/mL) (Figure 2). The urinary NTx at baseline
was 21 ± 7 nM BCE; all participants, except one, had
values �17 nM BCE, and 2 participants had values �30
nM BCE. At 2, 4, and 6 hours during the calcium infusion,
the serum calcium concentration rose from 9.3 ± 0.2
mg/dL to 10.8 ± 0.9, 10.5 ± 0.8, and 10.6 ± 0.6 mg/dL,
respectively (Figure 3). PTH concentration was sup-
pressed to 73 ± 13% (18 ± 12 pg/mL), 76 ± 11% (16
± 9 pg/mL), and 78 ± 11% (15 ± 9 pg/mL) at 2, 4, and
6 hours, respectively (Figure 4). Serum NTx concentra-
tion was reduced by 17 ± 18% (17 ± 5 nMBCE), 38 ±

16% (12 ± 4 nMBCE), and 38 ± 22% (12 ± 3 nMBCE) at
2, 4, and 6 hours, respectively (Figure 5). No adverse
effects were associated with the calcium infusion.

DISCUSSION

In individuals with SCI who had vitamin D levels in the
lower range of normal, an acute calcium infusion
decreased serum PTH and NTx concentrations. Six of 8
study participants had PTH levels above the upper limit of
normal, and the remaining 2 participants showed values
in the upper range of normal. Most study participants did
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not have absolutely elevated levels of serum NTx;
however, it may be assumed that values for serum NTx
would have been at the lower limit of normal in persons
with reduced bone turnover of chronic immobilization,
had it not been for a state of mild secondary hyperpara-
thyroidism. Thus, serum NTx values within the high
normal range in our study participants may actually
represent an ‘‘inappropriately’’ elevated bone turnover
for persons with SCI. The calcium bolus infusion was
begun in our participants in the late morning and
completed 6 hours later, which would have greatly
lessened the effects of diurnal variation of NTx values on
our study findings. Furthermore, all of our participants
were men, and the absolute diurnal variation of NTx is

considerably less in men than in women (17). Suppres-
sion of serum NTx, a marker for bone collagen
catabolism, after modest elevation in the serum calcium
concentration suggested a reduction in bone turnover
and the associated potential for immobilization-related
bone loss.

This intervention of a calcium infusion was a proof of
concept: if a state of vitamin D deficiency and/or mild
secondary hyperparathyroidism exists, then markedly
raising the serum calcium concentration will immediately
reduce bone resorption, and, hence, bone turnover.
There was no attempt to show a sustained effect of this
intervention; nor was there an attempt to translate this
intervention to clinically relevant forms of calcium/

Figure 1. Distribution of baseline 25 hydroxyvitamin D
(25[OH]D) levels. Individual participants are represented by
shaded triangles. Note that all participants had levels ,20
ng/mL, but none were absolutely vitamin D deficient. The
normal range (9 to 38 ng/mL) is represented by the shaded
area.

Figure 2. Distribution of baseline plasma parathyroid
hormone (PTH) concentrations. Individual participants are
represented by shaded triangles. Note that 6 participants
had levels above the normal range, and 2 participants had
levels just at the upper limit of normal. The normal range (9
to 55 pg/mL) is represented by the shaded area.

Figure 3. Elevation of serum calcium after bolus infusion
of calcium gluconate. *P , 0.005 and {P , 0.01 between
the baseline value and that observed after calcium infusion.
The normal range (9 to 55 pg/ml) is represented by the
shaded area.

Figure 4. Suppression of plasma parathyroid hormone
(PTH) after bolus infusion of calcium gluconate. *P , 0.001
between the baseline value and that seen after calcium
infusion. The normal range (9 to 55 pg/ml) is represented
by the shaded area.
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vitamin D therapy. Rather, by demonstrating that a
marked elevation of serum calcium has a dramatic effect
on bone metabolism, it may be inferred from the present
study that any condition that diminishes calcium
absorption will serve to accelerate bone turnover and
loss.

Albright et al postulated that loss of stress and strain
on the skeleton would result in bone loss (18). Stewart et
al observed 14 immobilized patients, 13 of whom had
experienced a traumatic SCI, during their first or second
week after entrance to a rehabilitation facility; all patients
had suppression of the parathyroid–vitamin D axis as a
result of exaggerated bone resorption, with associated
hypercalciuria (19). Biering-Sorensen et al studied 6
patients with acute traumatic SCI longitudinally and
found that the proximal tibia and femoral neck lost 40%
to 50% and 60% to 70% of bone mineral density,
respectively, over 31 to 53 months (median of 41
months) (1). Thus, persons with SCI suffer a permanent
reduction in activity-related forces on the skeleton that
have dramatic acute effects on bone, placing these
persons at an increased risk of fracture (20–23).

Controversy exists concerning whether bone loss
occurs during the chronic phase of SCI (4,24–26).
Frotzler et al observed in a cross-sectional study and Eser
et al in a longitudinal study a stabilization of bone mass,
as shown by peripheral quantitative computed tomog-
raphy of the distal epiphyses and midshafts of the femur
and in the tibia (24,25). Zehnder et al reported that there
was a continuous decline in Z-scores of bone mineral
density of the distal tibial diaphysis, even beyond 10
years of injury (26). Bauman et al studied 8 pairs of
monozygotic twins who were discordant for SCI and
reported that increasing duration of injury was linearly
associated with the degree of bone loss in the lower

extremities (4). The observation that bone mass contin-
ues to decline at an accelerated rate, independent of age,
in persons with SCI raises the question as to whether
factors other than disuse are influencing this process, and
whether they are modifiable.

Levels of the storage form of vitamin D (25[OH]D)
have been shown to be reduced in individuals with SCI
(12,13,27). In 100 study participants with SCI compared
with 50 age-matched controls, about one third of the
participants with SCI were absolutely vitamin D deficient
([OH]D level ,16 ng/mL) (12). Twelve study participants
with SCI had elevated serum PTH levels, and 20 of 50
participants with SCI had elevated 1,25 dihydroxyvita-
min D levels, a marker for secondary hyperparathyroid-
ism. Indeed, a negative correlation was found between
25(OH)D levels and serum PTH concentrations (12). The
reasons for the vitamin D deficiency state were postulat-
ed to be numerous and multifactorial and included
restricted calcium intake, limited sunlight exposure,
medications that accelerated metabolism, and renal
disease (28–30).

If vitamin D levels are low, gastrointestinal absorp-
tion of calcium would be anticipated to be reduced,
which may be further depressed when calcium intake is
restricted, as is the case with many persons with SCI
because of medical advice to avoid dietary calcium and/
or personal preference. A chronic reduction in gut
absorption of calcium results in a state of mild secondary
hyperparathyroidism (15,17). It has been proposed that
a relative state of vitamin D deficiency exists if the plasma
25(OH)D value is less than 32 ng/mL because calcium
absorption is not optimal (31). Chronically elevated
levels of PTH stimulate bone turnover, which will result
in a net loss of bone substance (32,33).

The optimal daily dose of elemental calcium for an
older adult is at least 1,200 mg per day. The majority of
elderly persons, as well as those with SCI, probably do
not receive sufficient calcium in their diets (34).
Furthermore, absorption of calcium and skin production
of vitamin D both decline with advancing age, and the
population of persons with SCI has an almost normal life
expectancy (35,36). Calcium supplementation has been
shown to decrease bone loss in postmenopausal women,
and it lowered the rate of vertebral fracture in women
with a history of vertebral fractures (5,6).

Vitamin D facilitates active calcium absorption,
which, as previously noted, is of greater clinical relevance
when a person’s calcium intake is restricted. Deficiency of
vitamin D, or at least a reduction in levels, is more
common in persons who are institutionalized because of
deprivation of sunlight (28). Possibly because of the
sufficiency of calcium intake in some study populations
compared with others, supplementation with vitamin D
has been shown to reduce the rate of hip fractures and, in
another study, arm fractures in elderly men and women
(9,10). Thus, the importance of vitamin D balance will
vary with dietary calcium intake. In a study of Dawson-

Figure 5. Suppression of serum N-telopeptide (NTx) after
bolus infusion of calcium gluconate. *P , 0.01 between the
baseline value and that measured after calcium infusion.
The normal range (8.1 to 24.8 nM BCE) is represented by
the shaded area.
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Hughes et al, elderly men and women were supple-
mented with 500 mg calcium and 700 IU of vitamin D3
(cholecalciferol) per day for 3 years. Bone loss was
moderately reduced in the femoral neck, spine, and total
body, and there was a reduced incidence of nonvertebral
fracture (9). Bauman et al supplemented individuals with
chronic SCI with 800 IU vitamin D3 per day for 12
months and found, on average, a doubling of vitamin D
levels; however, despite the improvement in vitamin D
levels, 23% of the study participants continued to have
an absolute and 58% had a relative vitamin D deficiency
(12). The serum PTH level decreased by about one third
after supplementation; NTx levels were not measured
(12).

Ledger et al studied the effect of age-related increase
of serum PTH levels on bone resorption in women (16).
Urinary 24-hour NTx excretion was higher in older vs
younger women (25.7 ± 2.1 vs 19.3 ± 1.7 nmol/mmol
creatinine). A direct relationship was evident between
serum PTH levels and urinary NTx excretion. The
suppression of urinary NTx excretion by calcium infusion
was greater in the older than in the younger women (7.5
± 1.9 vs 4.1 ± 1.5 nmol/mmol creatinine), suggesting
that age-related serum PTH elevation is a major
contributor to bone loss (16).

In the report herein, individuals presumptively had
reduced vitamin D and/or calcium intake. However,
dietary intakes of vitamin D and calcium were not
obtained; thus, it was not possible to differentiate
whether reduction of one (or, more likely, both) nutrients
were responsible for our metabolic findings. Although
NTx excretion was suppressed by an acute supraphysi-
ologic infusion of calcium, it was not evaluated as to
what degree of suppression a more physiologic infusion
of calcium would have produced, nor was an increase of
oral calcium supplementation investigated. Furthermore,
the effect of a more prolonged increase of serum calcium
concentration on bone turnover and bone mineral
density was not addressed.

CONCLUSION

Our study has demonstrated that persons with SCI who
are relatively vitamin D deficient and/or have elevated
levels of serum PTH have a bone turnover rate that may
be rapidly and dramatically suppressed by raising the
serum calcium concentration, as evidenced by the
observed reduction in serum NTx concentrations. This
finding, albeit not unexpected, clearly highlights the
need to evaluate all people with SCI and, perhaps,
individuals with other immobilizing conditions for the
presence of treatable causes of heightened bone turn-
over. Vitamin D may be supplemented and/or calcium
intake may be appropriately increased to raise the serum
calcium concentration and reduce serum PTH levels.
Although not studied, it would have been likely that an
oral therapeutic intervention would have had a somewhat
analogous effect on serum calcium metabolic parameters

and bone markers to that of intravenous administration of
calcium. Even if the suppression of bone resorption by oral
supplementation is only partially as successful as that noted
in this report, any suppression of bone turnover would be
expected to have a salutary effect over decades on total
skeletal mass, and in particular, in skeletal regions below
the level of paralysis. Thus, dietary supplementation may
represent a practical and cost-effective therapeutic ap-
proach that may reduce the risk of fractures over a lifetime
in persons who are paralyzed at a young age.
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