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rent Training Volumes Yield Equivalent Increases

R. A. Pierce', L. C. Lee', C. P. Ahles', S. M. Shdo’, S. V. Jaque?, K. D. Sumida’

' Department of Biological Science, Chapman University, Orange, California, United States
“Department of Kinesiology, Califorriia State University, Northridge, California, United States

Abstract

v

The purpose of this study was to determine if an
exercise threshold existedinstimulating an eleva-
tion in bone mineral density (BMD), via resistance
training, during the growth period in male rats.
27 male rats were randomly divided into Control
(Con, n=9), 3 ladder climb resistance trained
group (3LC, n=9), and 6 ladder climb resistance
trained group (6LC, n=9). The 3LC and 6LC groups
were conditioned to climb a vertical ladder with
weights appended to their tail 3 days/wk for a
total of 6 wks, but the 6LC group performed sig-
nificantly more work than the 3LC group. After
6 weeks, left tibial BMD (mean+SD) was sig-

nificantly greater for 3LC (0.225+0.006 g/cm?)
and 6LC (0.234+0.008g/cm?) when compared
to Con (0.202+0.013g/cm?). Further, bone
strength (force to failure in Newtons) was sig-
nificantly greater for 3LC (132.7£13.7) and 6LC
(130.0£22.8) compared to Con (102.0%10.1).
There was no significant difference in BMD or
bone strength between 3LC and 6LC. The results
indicate that both resistance training programs
were equally effective in elevating BMD and bone
strength in growing rats. These data suggest that
during growth, there is a stimulation threshold
where more work per exercise session is ineffec-
tive in promoting additional bone formation.

Introduction

v

Incorporating exercise during childhood and
adolescence has been advocated to help delay the
onset or reduce the severity of osteoporosis
[12,28]. Given that the hormonal milieu associ-
ated with the growth process promotes bone
modeling, incorporating exercise that stimulates
an osteogenic response would be beneficial in
further elevations in peak bone mass. Maximiz-
ing peak bone mass during the growth period via
exercise could minimize the deleterious effects
of osteoporosis during senescence. However, the
amount of exercise required during the growth
period to maximize bone accrual remains to be
elucidated.

In prior reports we have consistently demon-
strated elevations in bone mineral density when
growing animals engage in resistance training for
6 weeks, via ladder climbing with weights
appended to their tail [6,7,13]. Further, in these
previous studies, we attempted to provide an
additional stimulus for bone formation by inter-
rupting the exercise bouts as proposed by Turner
and Robling [25]. In contrast to the hypothesis

submitted by Turner and Robling [25], we
observed equivalent training-induced elevations
in bone mineral density irrespective of the resist-
ance exercise regimen (i.e. interrupted vs. con-
tinuous bouts of exercise). This led us to speculate
that a maximal threshold had been reached
attributable to the hormonal milieu during the
growth process in combination with resistance
training. Thus, the bone had reached some type
of maximal capacity where any additional osteo-
genic stimulation, via interrupted exercise bouts,
was ineffective.

Therefore, the purpose of the current study was
to determine if an exercise threshold exists
where, despite additional work performed per
exercise bout, no further training-induced
increases in bone mineral density would be
observed during the growth period in animals.
Specifically, we compared 2 resistance training
protocols where one exercised group performed
significantly more work per training session
compared to another exercised group. We also
performed 3-point bending tests to measure
bone mechanical properties to help relate any
alterations in bone mineral density (BMD) to

Pierce RA et al. Resistance Training During Growth... Int] Sports Med 2010; 31: 803-809




bone strength. We hypothesized that during the growth period
there would be a bone formation threshold where more exercise
would not be effective in stimulating additional increases in
BMD.

iaterials and Methods

v

Animals

The experimental protocol for this study was pre-approved by
the Chapman University Institutional Review Board and is in
accord with the International Journal of Sports Medicine ethical
standards on the use of animals for research [8]. 36 male Sprague
Dawley rats (initially ~225 g, ~8 weeks old) obtained from Charles
River Laboratories (Wilmington, MA) were housed individually
and maintained on a reverse 12/12h light/dark cycle. Food and
water were provided ad libitum throughout the experimental
period. The animals were acclimated to their living conditions
for 1 week prior to random separation into a control group (Con,
n=12), a resistance trained group where the animals performed
3 ladder climbs per exercise session (3LC, n=12), or another
resistance trained group where the animals performed 6 ladder
climbs per exercise session (6LC, n=12). After the random sepa-
ration of animals into their respective groups and prior to any
exercise training, 3 animals from each group were sacrificed to
obtain baseline values (e.g. osteocalcin, deoxypyridinoline, BMD,
and bone strength). The purpose of the baseline data was to
ensure that we did not inadvertently place animals with more or
less BMD into a specific group. Further, the baseline data allowed
for an examination of the amount of bone modeling attributable
to normal growth compared to any additional impact elicited by
resistance training. Since there were no significant differences in
any measured parameter between the 3 animals from each
group, the animals in the baseline group were pooled (BL, n=9)
leaving a total of 9 animals in each of the 3 groups (i.e. Con, 3LC,
and 6LC).

Resistance training

The strength training regimen has previously been described
16,7,13,24]. Briefly, the animals were required to climb a verti-
cal ladder with weights appended to their tail. The animals were
positioned to ensure that they performed each sequential step,
where one repetition along the 1m ladder required 26 total lifts
by the animal (or 13 lifts per limb). The resistance trained ani-
mals were operantly conditioned for 1 week to climb the ladder
in order to avoid a vat of water beneath them. Both the 3LC and
6LC groups trained 3 days per week for a total of 6 weeks. The
vertical ladder climbing task and 6 week training period has
consistently been demonstrated to be an effective stimulus for
bone formation during the growth period in rats [6,7,13,24].
The control animals were handled on the same days and times
as the trained groups in order to minimize any stress attributa-
ble to handling. All animals were weighed at the beginning of
each week to monitor weight gains and, for the resistance trained
animals, to help determine the amount of weight to append to
their tail for the remainder of the week. All resistance trained
animals started with 30% body mass (BM) appended to their
tail. Every week the carrying weight was elevated by 30% BM for
the next 4 weeks (i.e. 30%, 60%, 90%, and 120%) until the begin-
ning of week 5. At week 5 they carried 135% BM and at week 6
they were carrying 150% BM. For the 6LC group, the animals
performed 6 consecutive ladder climbs on a given training day.

af analyses

-e-3LC oncentration in the FHL was assessed [15] as an indirect

70 - . of training (i.e, muscle hypertrophy). A sandwich
ol {inked immunosorbent assay (ELISA, Biomedical Tech-

. Inc., Stoughton, MA) was used to determine serum

_s0f * cin levels (an indicator of osteoblast activity). The intra-
_g a0k riation was <4% and the inter-assay variation was < 6%.
2 deoxypyridinoline (an indicator of osteoclast activity)
—g 30 + . sured using a competitive enzyme immunoassay (EIA,
2 ol § /3_/ . orp., San Diego, CA). The intra-assay and inter-assay
.- .® -was < 5%. Urinary creatinine was measured using an

10 ¢ assay and picric acid as the color reagent (Quidel Corp,,

0 ) ) ) ] 0, CA). A microplate reader (MaxLine, Molecular Devices

0 1 2 3 4 unnyvale, CA) was used with the absorbance set at

Week for the ELISA, 405nm for the EIA, or 490nm for the

, ay using picric acid. A standard curve was generated for

Fig.1 Totalwork (in joules) performed by the resi ical analyses and controls were run to ensure quality.

tandard curves, the correlation coefficient (Pearson’s
for linear curves, i.e. protein and creatinine), or coeffi-
determination for non-linear curves, (i.e. OC and DPD)
ter than 0.99. Finally, a Dual Energy X-ray Absorptio-
XA - GE Lunar Prodigy, Chicago, IL) employing the small
oftware module (version 6.81) was used to assess the
he whole left tibia. Briefly, the left hindlimb was thawed,
ed, and the entire tibia was scanned. Condyle and malle-
atures of the tibia were used as anatomical markers to
roper positioning of the tibia. 3 consecutive measure-
ere performed with the hindlimb repositioned between
n. The reported BMD was the average of 3 scans and the
nt of variation for repeated scans (meantstandard
at included all hindlimbs was 0.73 £0.07 %.

climbing the ladder 3 times per exercise session (3L
ance trained group climbing the ladder 6 times per ex
n=9). * Significant difference between groups.

As per our prior reports [6,7, 13,24], the 6 ladder
tuted the maximum amount of consecutive repet
animals could achieve during the exercise session
amount of ladder climbs was based upon the anir
climb despite motivation attempts. For the 3LC g
mals performed 3 ladder climbs on a given trainin
the attemnpt was to get the 6LC group to perform tw
work as the 3LC group. However, various animal
group did not perform all the required ladder cli
training day. Further, there were body mass differen
the 3LC and 6LC groups. Thus, the 6LC group di
100% more work per training bout than the 3LC
any training day for a given week, the amount of wor
by the 6LC group was significantly greater than tk
amounting to a nadir of 50% more work and pea
work respectively, than the 3LC group (¢ Fig. 1).

hanical 3-point bending tests

hanical properties of bone were measured at room tem-
using a 3-point bending rig placed onto the stage of a
analyzer instrument (TA-XT2, Texture Technologies,
A). Prior to testing, the right tibia was rinsed in saline,
h was measured, and then submerged in saline for 24h
temperature. The instrument was calibrated using a
eight and then the tibia was patted dry and secured
The span of the 2 support points was 15.0mm for the
group (to account for the smaller tibial length due to
f the animals) whereas the span of the 2 support points
mm for the remaining groups who were now 7 weeks
e deformation rate was set at 0.9 mmy/s for all groups. A
. ateral force was applied to the midshaft of the bone.
Imal load to failure (Fmax, units=N) and energy to fail-
determined from the area under the load-deformation
. e fracture point, units=N x mm) were assessed using
Expert (v. 1.22, Stable Micro Systems Ltd., Surrey, Eng-

Experimental protocol :
Animals were sacrificed 48 h after their final traini
minimize any residual effect of the last training b
Hallucis Longus (FHL) was rapidly dissected from ¢
limb, weighed, and immediately frozen in liquid ni
subsequent determination of protein content. We ¢
since ladder climbing has previously been ob
hypertrophy in the FHL[6,7,9,13, 24]. All remainir
were removed from the right tibia and the bone We
in a scintillation vial filled with an ethanol/sali
tion, capped, and kept at room temperature. Bone
assessed from the right tibia within 1 week after d
left hindlimb was rapidly amputated, positione
liquid nitrogen for the assessment of bone mineral
tibia. Blood samples were collected, allowed to clo
and the serum was frozen for the subsequent o
serum osteocalcin (OC). Finally, a syringe was us
urine directly from the bladder and immediately
subsequent measurement of deoxypyridinoline {
atinine. The FHL, left hindlimb, serum, and urine
kept at —~80°C until their analyses.

ions and statistics

‘ raining volume) was calculated as the product of the
ght lifted by the animal (body mass plus the amount of
Ppended to the tail), the acceleration due to gravity, and
Nce Fovered. The total training volume (i.e. work) per
sston for the 3LC and 6LC groups was expressed in
the comparison of training volume, a Student’s t-test
0 determine statistical significance. Total protein in
S calculated as the product of protein concentration
Mass. Deoxypyridinoline (DPD, in nmol/L) was cor-

Training & Testing

rected for urine concentration (or dilution) by dividing by the
creatinine concentration (in mmol/L) and expressed as the
adjusted urinary DPD (no units). Except for the training volume
(see above), an ANOVA was employed and when a significant F
ratio was identified, a Tukey’s post hoc test was employed. The
level of significance set was at P<0.05 for all statistical compari-
sons and the results were expressed as the mean#*standard
deviation.

Results
v
The initial body mass was not significantly different between
groups (& Table 1). After the 6 week resistance training pro-
gram, the final body mass was not significantly different between
the Con and 3LC groups, but the body mass from the 6LC group
was significantly lower compared to the Con and 3LC groups
(& Table 1). The total training volume for the resistance trained
animals was significantly greater for the 6LC group compared to
the 3LC group (& Fig. 1). The FHL mass and total protein content
in the FHL was significantly elevated for all groups (i.e. Con, RT3,
and RT6) compared to Baseline (¢ Table 2). Since the body mass
was significantly lower for the 6L.C group, the total FHL protein
was expressed relative to 100g of BM. In this regard, the total
FHL protein per 100 g of BM was significantly greater for the 3LC
and 6LC groups when compared to the Con group (& Table 2).
There was no significant difference in total FHL protein per 100 g
of BM between the 3LC and 6LC groups.
The bone mineral density from the whole left tibia was signifi-
cantly elevated for Con (i.e. 27.8% increase), 3LC (i.e. 42.4%
increase), and 6LC (i.e. 48.1 % increase) compared to the Baseline
group (& Fig. 2). Further, the BMD from the 3LC and 6LC groups
was significantly greater, 11.4% and 15.8 % respectively, than the
Con group (& Fig. 2). However, the BMD was not significantly
different between 3LC and 6LC groups. Serum osteocalcin was
not significantly different between Con compared to BL, but was
signiﬁcantly greater for 3LC and 6LC compared to Con as well as

Table 1 Body Mass.
Group  Initial Body Mass (grams).  Final Body Mass (grams) at
at 9 weeks of age . 16 weeks of age ‘
BL 270.5+12.3 not applicable
Con 269.2+12.3 484.6+52.9
3L 268.8+10.2 496.8+31.9
6LC 268.5+11.5 438.8+23.3"

BL=Baseline Group (n=9), Con=Control Group (n=9), 3LC=Resistance Trained
Group (n=9) climbing the ladder 3 times per exercise session, and 6LC=Resistance
Trained Group (n=9) climbing the Jadder 6 times per exercise session. * Significant
difference between 6LC and all other groups

Table 2 Resistance Training Effect on the Flexor Hallucis Longus.

Group ~ FHL Mass FHL Protein (mg FHL Protein/100g
{grams) protein/muscle) (mghﬁﬂg BM}

BL 0.182+0.027 32.33i5;58 10.72+1.87

Con 0.249+0.0267 51.52+6.43f 10.70x1.37

3LC 0.341+0.0637" 63.19+12.621* 12.74+2.61F

6LC 0.291+£0.0317 59.06+9.53% 13.54%2.69%

BL=Baseline Group (n=9), Con=Control Group (n=9), 3LC=Resistance Trained
Group (n=9) climbing the ladder 3 times per exercise session, and 6LC = Resistance
Trained Group (n=9) climbing the ladder 6 times per exercise session. T Significant
difference vs. BL. *Significant difference vs. Con

Pierce RA et al. Resistance Training During Growth... Int | Sports Med 2010; 31: 803-809
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Ation is threefold (in ascending order). The first pertains
<e of animals in examining the impact of resistance train-
:'ng the growth period. While prior studies in humans
¢ the elevation in bone mass or BMD when exercise is
failure (i.e. 129.1% increase) from Con compare iented during the growth period, there are a number of
Incorporating resistance training during the a1 contributing to BMD in humans including: height, weight,
resulted in further increases in bone strength of | 155, sex, and age, to name a few [23]. These endogenous
for the 3LC and 6LC groups compared to contrgls inants of BMD in human studies make the interpretation
The maximum force to failure was significantly ¢; results challenging when attempting to understand the
(i.e. 30.1% increase) and 6LC (i.e. 27.5% increase) of exercise intervention strategies on bone accrual dur-
controls (& Table 3). Similarly, the energy to failmfk growth period. Further, a majority of the human studies
cantly greater for 3LC (i.e. 68.7% increase) and 6], cross sectional comparisons, which add to the complex-
increase) compared to controls (¢ Table 3). Howevy, e interpretation of these studies, since genetic predispo-
mal force and energy to failure were not signiﬁ'ca{ hd growthrates becomeadditional confounding variables.
between the 3LC and 6LC groups (& Table 3). L. he use of an animal model helps to eliminate many of the
assessing bone strength as indicated above, right ‘ding variables associated with human studies, most of
was measured. The length of the right tibia was or animal studies investigated the impact of treadmill
greater for Con (43.6£3.1mm), 3LC (42.5+2.6m : (i.e. weight bearing) on bone [10,11,19]. High-impact
(41.0+1.1mm) compared to BL (37.4+2.8mm), bu es (e.g. jumping) or resistance exercises (e.g. strength
no significant differences in tibial length between ) have been advocated as the best putative methods to
6LC groups. ‘ te an osteogenic response and promote an elevation in
ineral density. However, employing a strength training
n rats was a significant methodological drawback due to
Discussion ﬁlenge of getting animals to lift a heavy mass.

A4 tome this obstacle, prior studies in rats designed to simu-
The Con, 3LC, and 6LC groups demonstrated elevat istance training involved electric shock as the motivation
mass, FHL mass, FHL protein, BMD, and bone strenf mals to jump with weighted vests [18,29], mimicking leg
to the baseline group, supporting animal growth oy xercise. In a different study, Robling et al. [21] immobi-
period. Incorporating resistance training during e forelimb of rats and applied compressive force to the
period provided an additional osteogenic stimulus ing a motor-driven device to ensure equivalent mechani-
in greater elevations in BMD compared to maturat; s between groups. However, this required the animals to
adulthood) alone. The increase in serum OC for botl etized during the loading procedure. While both these
compared to Con suggests that the osteogenic resy nimal studies help to eliminate the confounding variables
attributable to an elevation in osteoblast activity, a tered when extrapolating the results to humans, they
the latter part of the training period. Further, bot roduce other factors such as the independent effects of
6LC groups demonstrated augmented bone strengt shock upon the bone and the use of anesthetic drugs,
pared to controls. While the BMD, bone strength, a can negatively impact blood flow. In contrast, Notomi
were elevated for both 3LC and 6LC compared to € introduced a different model of resistance training for
no significant difference between the 3LC and 6LC gr hatinvolved climbing a wire meshed tower. Hornberger
the results support our hypothesis of an apparent rar [9] later verified the efficacy of a similar model (i.e.,
tion threshold, where more work performed w imbing task, 80° incline) for mimicking resistance
exercise session was ineffective in stimulatin ' in humans, as confirmed by muscle hypertrophy in the
increases in bone mineral density in young, growil allucis Longus of rats. In prior studies, we have employed
During the growth period, the hormonal milieu pr fied version of this ladder climbing task (90° incline)
ulus for bone modeling. Incorporating resistance tr e of a rat model for the investigation of the impact of
this period provides an even greater stimulation fol Ice exercise on bone mineral density. More importantly,
tion, thereby maximizing peak bone mass. Inr supp ur studies (including the current report) were examined
tion in bone mass or BMD when combining exerc clous rats and in the absence of electric shock to motivate
growth period has previously been reported in mals,

[1,5,14,16,23,27,28] and animals [6,7,10,13, ond notable finding of the current study involves the
Thus, the current findings support the benefi . the work performed rather than the quantity of work
training during the maturation period in rats ¢ d per training bout. In a prior study, we compared 2
even more bone accrual compared to growth alon ICe trained groups where one group of growing animals
results also confirm previous reports in humansw 0% BM the last week of the exercise program yet per-
animals [6,7,24,29] pertaining to the exercise-ind e same amount of work as another exercised group of
tion in osteoblast activity as the potential mech ing 150% BM the last week of the exercise program
augmented BMD, supported by the significant inq e the total volume of work was equivalent between
0C at the end of training for both 3LC and 6LC gI0 groups throughout the strength training regimen, only
to corresponding controls. ance trained group carrying 150% BM demonstrated
Although the general findings of the current study S in BMD [24]. Of interest, the amount of work per-
ent with prior reports on the impact of exercise Y the 30% BM group in our prior study [24] was greater
bone formation response, we submit that the im 3LC group in the current report. Despite the higher vol-

energy to failure were significantly greater fg
Con, 31C, and 6LC) compared to Baseline (1 Tap|
cally, the 6 week growth period yielded a signj
maximum force to failure (i.e. 70.6% increase) 4

%)

m
©
N}
=}

o
—_
(e}

Tibia BMD (g/c

0.00
BL Con 3LC 6LC

Fig.2 Bone mineral density (BMD) for the whole left tibia from Baseling
animals (BL, n=9), Controls (Con; n=9), the resistance trained group
climbing-the ladder 3 times per exercise session (3LC, n=9), and the
resistance trained group climbing the ladder € times per exercise session
(6LC, 1i=9). #Significant difference vs. BL. * Significant difference vs. Cons

U1
[er}

N
(%3]

Serum Osteocalcin (ng/ml)

BL Con 3LC 6LC

Fig.3 Serum osteocalcin (OC) concentrations from Baseline animals
(BL, n=9), Controls (Con, n=9), the resistance trained group climbingthe
ladder 3 times per exercise session (3LC, n=9), and the resistance trained
group climbing the ladder 6 times per exercise session (6LC, n=9). #5ig-
nificant difference vs. BL. * Significant difference vs. Con.

Table 3 Bone Mechanical Properties from 3-Pt Bending Test.

EF (Nxmm)
54.7+7.6
125.3£20.4}

Group.  Fmax (N)

BL 59.8+8.0
Con 102.0£10.17
31C 132,713,717 211.4+48.81"

oLC 130.0£22.8}* 194.4%36.27°

Bone strength of the tibia from the BL=Baseline Group (n=9), Con=Control Group
(n=9), 3LC=Resistance Trained Group (n=9) dimbing the ladder 3 times per exer-
cise session, and 6LC=Resistance Trained Group (n=9) climbing the ladder 6 times
per exercise session. Fmax=Maximum load to failure (in Newtons) and EF =Energy
to Failure (area under the load-deformation curve in Newtons x millimeters). § Sig-
nificant difference vs. BL. * Significant difference vs. Con

Baseline (& Fig. 3). Serum osteocalcin concentrations were not
significantly different between 3LC and 6LC groups (& Fig. 3).
The adjusted urinary deoxypyridinoline did not significantly dif-
fer between the Baseline (56.4+22.1), Con (48.3%+11.3), 3LC
(60.8+12.9), and 6LC (57.1£16.4) groups.

The 6 week growth period resulted in significant increases in
bone strength parameters. The maximum force to failure and

Pierce RA et al. Resistance Training During Growth ... Int} Sports Med 2010; 31: 803-809
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ume of work executed by the 30% BM group in our prior report,
no elevation in BMD was observed whereas the 3LC group in this
study performed less work at a higher relative intensity and
demonstrated significant increases in BMD. This supports the
contention that the exercise intensity (rather than the amount
of work) needs to be strong enough to create a fluid flow within
the lacunar-canalicular network to stimulate bone formation
[2]. The comparison of the current results with our prior study
also supports the work of Rubin and Lanyon [22] who demon-
strated that sporadic bone loading was more effective in eliciting
an osteogenic response rather than prolonged repetitive activity.
Creating the fluid flow and triggering a bone formation response
via infrequent bone loading is apparently accomplished with
more weight appended to the animal’s tail (i.e. carrying 150%
BM with less repetitions compared to carrying 30% BM with
more repetitions) rather than the total amount of work per-
formed. Nevertheless, the minimal amount of resistance exer-
cise required to maximize bone accrual remains to be
elucidated.

The third and most important finding pertains to the purpose of
the study and our initial hypothesis of the existence of a maxi-
mal exercise threshold for stimulating bone formation. In prior
studies we have attempted to provide an additional stimulus for
bone formation by interrupting the exercise bouts as proposed
by Turner and Robling [25]. They hypothesized that mechano-
sensors within the bone can reset after a bout of exercise [25]. In
this regard, partitioning the exercise into multiple bouts
throughout a training day would provide greater stimulation for
bone formation [25]. Despite numerous attempts to support the
hypothesis submitted by Turner and Robling [25], we failed to
observe additional training-induced elevations in BMD when
interrupting the resistance training bouts within a training day
[6,7,13]. In contrast to Turner and Robling [25], we observed
equivalent training-induced elevations in bone mineral density
that was independent of the resistance exercise regimen, i.e.
interrupted vs. continuous bouts of exercise [6,7,13]. This led us
to speculate that a maximal threshold had been reached attrib-
utable to the hormonal milieu during the growth process in
combination with resistance training [13]. In essence, the bone
had reached some type of maximal capacity where any addi-
tional osteogenic stimulation, via interrupted exercise bouts,
was ineffective. This would suggest that during the growth
period, high volumes of resistance training are not required to
maximally stimulate a bone formation response. Thus, the
results of the current study support the existence of an exercise
threshold during the growth period where additional work per
training bout was ineffective for promoting even more bone for-
mation.

While training-induced elevations in BMD are noteworthy, the
most important factor in the prevention of fractures is bone
strength. We acknowledge that interpretations of bone strength
data represent relative rather than absolute changes given the
potential differences in specimen storage, bone hydration, the
temperature at which the bones are broken, etc., that can con-
tribute to differences between studies. In the current report,
when compared to control animals, we observed a training-
induced average increase of 29% and 62 % in the maximal load to
failure and energy to failure, respectively. Therefore, our results
were consistent with prior animal reports [6,7,10,13,25,26]
demonstrating that relatively small elevations in bone mineral
density culminates in large increases in bone strength.
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