

































































































































































































































































































































































































































































Training Program

Resistance Setting (Valve #)

Circuit System

3 Sessions/Week

4 Sets/Session After 2nd Week

Maximum Effort Encouraged

9-14 16-20 21-26

Training Duration (wks)




Christmas and one week during the Easter holidays.

S8trength Measurements. One repetition maximum lifts (1RM) were
determined on a global gym multi-station for double leg press
and bench press; using previously described procedures (Ramsay
et al. 1990). 3Subjects were given one practice session prior
to testing to become familiar with the equipment and the
proper execution of the exercises: the practice session
involved sub-naximal 1lifting efforts only. The order of
testing of these 1lifts was randomized. Maximal voluntary
quasi-isokinetic strength was also determined for double elbow
flexion/extension, double knee flexion/extension, and squat
thrust using the HFMAXX and squat 'hydraulic resistance
machines. A 1load cell was mounted to each station and an
electrical output proportional to the applied force was
recorded on a strip chart recorder. The output from the load
cell for each station was compared to force velocity curves
derived during maximal effort at various valve settings using
a pre-calibrated strain gauge attached to the lever arm of the
device. Three trials were performed at each valve setting
corresponding to low (valve 1), intermediate (valve 3), and
high (valve 6) resistance. The order of valve selection was
randomized and the mean of the two highest trials was taken as
the criterion measure. The order of testing for elbow

flexion/extension and knee flexion/extension were randomized,
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and the squat thrust was always tested last. Maximal voluntary
isometric strength was also determined for the right elbow
flexors and right knee extensors using previously described
techniques (Blimkie et al 1990). Measurements were made at a
joint angle of 90 degrees.Strength measurements were made at
the beginning, mid-point (13th week) and end (26th week) of
the study. All strength tests were completed within a 2-3
week period of the bone scan measurements, and for mid- and
post-testing, a three day rest period was provided before the
strength measurements, to control for residual training

fatigue.

Anthropometry. Height was measured with the subjects standing
in their stockings, and weight was determined on a balance
scale with the subjects wearing only shorts and a T-shirt.
Body mass index (weight/height?) was calculated from these
measurements. Skinfold thickness was ﬁeasured at two sites
(triceps and subscapular) using a Harpenden skinfold caliper.
Percent body fat was predicted from the sum of skinfolds using
an age and sex appropriate equation (Slaughter et al. 1988).
Anthropometric testing was completed within 1-2 weeks prior to

training, at m:d-point, and within 1-2 weeks of post-training.

Blood sampling. Subjects reported in a non-fasting state to a

nurse between 8:15 and 9:15 am, 14 to 18 days following the
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last day of their most recent period. Venous blood was drawn,
allowed to clot and then centrifuged. The serum was separated
into aliquots and stored at -20° C until analyzed in batch for
estradiol, acid phosphatase, alkaline phosphatase and CPK.
Estradiol was measured by radioimmunoassay (reagents from
Diagnostics Products Corporation, Calbiochem, and
Intermedico). CPK, acid and alkaline phosphatase were analyzed
using a colorimetric enzymatic assay technique. Assays were
performed by the departments of Clinical Chemistry at Chedoke-
McMaster Hosp:.tals, St. Joseph’s Hospital, and the General
Hospital in Hamilton. Blood samples were taken within 1-3

weeks of all other measurements prior to and following

training.

Bone Mineral Measurements. BMC and BMD for the whole body and
L2-L4 1lumbar vertebrae were determined by dual photon
absorptiometry (Norland 2600 dichromatic densitometer), using
a Gd radiation source with energies of 44 andwloo KeV. Bone
mineral content represents the total amount of calcium
phosphate crystal in a given scan, and bone mineral density is
derived by dividing the BMC by the cross-sectional area of the
skeleton for the whole body, and by the projected area of the
scan between L2 and L4 vertebrae for the lumbar spine.
Separate scans were taken for the whole body and lumbar spine

with the subjects in the supine position. The densitometer was
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calibrated daily using a phantom supplied by the manufacturer.
The accuracy of this technique in our laboratory has been
established tc be within 3.0% of true values based on ash
weight of a caclaver spine and the precision, calculated as the
ratio of standard deviation to the mean of repeated
measurements of a tissue equivalent phantom spine, to be 1.6%
(Galea et al. 1990, Webber 1989). Whole body scans were taken

pre- and post-training, whereas lumbar spine scans were taken

at pre-, mid-and post-training.

Dietary Analysis. Current dietary intake was assessed using a
3 day food diary, consisting of two weekdays and one weekend
day. Subjects were given verbal and written instructions
regarding the recording procedure and wére encouraged to be as
accurate as pcssible in identifying the type and quantity of
food consumed. The Nutritionist III food analysis program (N-
Squared Compuing Company, Silverton, Oregon) was used to
determine total caloric, calcium and vitamin D intakes.
Dietary analysis was determined for a total of 27 subjects
(N=15, exercise group; N=12, control group). Dietary
assessment was performed only once, mid-way through the study.

A summary of the time course for the assessment of the key

dependant variables is presented in Figure 2.

Statistics. Two-way analyses of variance (ANOVA) with one



TIME-COURSE OF DEPENDENT MEASURES

LEGEND: TB TOTAL BODY BMC\BMD
LS LUMBAR SPINE BMC\BMD
HF HFMAXX STRENGTH
A ANTHROPOMETRY
D DIETARY ASSESSMENT
P 1 RM STRENGTH MEASURES
I ISOMETRIC VOLUNTARY STRENGTH
B BLOOD ANALYSIS

TB TB
LS LS LS
HF HF HF
A A A
P P P
I I I
B D B
| T 1
0 13 26
WEEKS

Figure 2. Time course for testing the dependent measures, including
total body (TB) and lumbar spine (LS) BMC and BMD, HFMAXX and squat
thrust strength (H7?) anthropometry (A), 1 RM performance strength
measures (P), isometric voluntary strength (I) and blood analysis
(B). With the exception of dietary assessment, all other
measurements were taken prior to (0) and after 13 and 26 wk of
training.
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variable repeated measures, were used to determine the
significance of the training effect on the dependant
variables. Analyses of covariance (ANCOVA) were performed when
a significant difference in pre-test measures were found
between the exercise and control group. The covariate used was
the pre-test score for both the exercise and control group. A
Tukey post-hoc test was used to identify differences among
means when significance for main effects or interactions were
found. A Students’ two-tailed T-test was used to determine the
statistical significance of differences between groups for the
dietary analysis. Pearson product-moment correlation
coefficients were computed between the largest percent changes
in strength for leg flexion and squat thrust, at valves 3 and
6 respectively, and the percent change in whole body and
lumbar spine EMC and BMD for the exercise group

Analyses were performed using the CSS statistical software

package, with the level of significance set at P<0.05.

A summary of the statistical analyses used for the various

dependent measures is provided in Table 1.

Results:
Descriptive Characteristics. A summary of the descriptive
characteristics of the subjects is provided in Table 2. There

were no significant differential effects of training on any of



Table 1: Summary of Statistical Analyses Used to Determine Significance for Dependent Variables

BONE GLOBAL QUASHISOKINETIC STRENGTH
GYM BLOOD DIET DESCRIPTIVE
ARM ARM LEG LEG ANALYSIS| ANALYSIS| CHARACTERISTICS
TBBMD | TBBMC | LSBMD | LSBMC| BP | DLP FLEXION EXTENSION FLEXION EXTENSION SQUAT
1 3 1 3 6 1 3 6 1 3 8 1 3 6
A C A A c A A A A]lA]JAL]A Al C Al A A |A+C] C C A T A

A = ANALYSIS OF VARIANCE

C = ANALYSIS OF COVARIANCE
T =T-TEST
NUMBERS (1 3 6) REFER TO RESISTANCE SETTINGS

TBBMD = TOTAL BODY BONE MINERAL DENSITY
TBBMC = TOTAL BODY BONE MINERAL CONTENT
LSBMD = LUMBAR SPINE BONE MINERAL DENSITY

LSBMC = LUMBAR SPINE BONE MINERAL CONTENT
BP = BENCH PRESS
DLP = DOUBLE LEG PRESS




Exercise

Control

Table 2: Descriptive Characteristics of Subjects

AGE (YR)] HEIGHT (CM) WEIGHT (KG) * BODY FAT (%) BMI (kg/m2)
pre pre post pre post pre post pre | post
16.3 1633 | 1639 57.8 58.1 30.4 29.8 21.7 21.5
0.3 1.9 1.8 2.7 2.7 1.2 1.2 0.9 0.7
161 1652 | 1653 59.8 60.5 30.9 29.9 21.7 221

0.2 1.6 1.6 2.3 2.3 0.7 0.8 0.6 0.6

* Based on the age and sex specific equation of Slaughter et al., Hum. Biol. 60: 709-723, 1988.

Hesuils are 1epuiied as neain +/- Stivi




the anthropome:ric or body composition variables.

Bone Mineralization. The results for bone mineral are depicted
in Figure 3. Nc difference between groups was observed in pre-
test values for either total body or lumbar spine BMD. A
difference was observed between exercise and control groups
for total body BMC (2220 + 339 g vs 2311 + 384 g; P=0.00017),
and lumbar spine BMC (4.2 + 0.6 g/cm vs 4.4 + 0.6 g/cm;
p=0.005) respectively. ANCOVA revealed no effect of training
on lumbar spines or total body BMC. No effect of training was
observed for whole body BMD using ANOVA; however, a
significant main effect for time (p=0.002) and a time by group
interaction (p=0.02) was observed for lumbar spine BMD. Post-
hoc analysis revealed a significant (p=0.001) increase of 4.6%
(4.2 + 0.6 to 4.4 + 0.5 g/cm?) for lumbar spine BMD in the
exercise group from pre- to mid-testing; however, there was no
difference between pre- to post-test values in the training
group. There were no significant changes in lumbar spine BMD

in the control group during the study period.

1 RM Performance Strength.

Global Gym. The results for the 1RM-performance strength
measures are provided in Tables 3 and 4. After adjusting for
pre-test differences, ANCOVA revealed significantly (p=0.003)

higher 1RM bench press strength in the trained versus the



Figure 3. Results for whole body and lumbar spine BMC and BMD for
pre-, mid- and post testing.

Bar with the line across the top, indicates a significant
difference bewteen pre- to mid-testing for lumbar spine
BMD.



Bone Mineral Content (g)

Bone Mineral Density (g/cm?)

5.2

4.8

4.4 4

4.0 -

3.6

LUMBAR SPINE BMC
o EXERCISE

m CONTROL

18

PRE MID POST
TIME

LUMBAR SPINE BMD

O EXERCISE
B CONTROL

[
-

PRE MID POST
TIME

Bone Mineral Content (g}

Bone Mineral Dersity [g/cm?)

2500.0 -
2400.0 j
2300.0 -1
2200.0 -
2100.0 -
2000.0 -

1900.0 A

TOTAL BODY BMC O EXERCISE

u CONTROL

s

1.00 -
osgi
0.98 1
0.97
0.96 1
0.95 -
0.94
0.93

PRE POST

TOTAL BODY BMD

0 EXERCISE
8 CONTROL

d

{

N | [
PRE POST
TIME



EXERCISE

Table 3: Summary of Strength Measures

\ VT '

I \Ter g (IR I

TAM QUASITSORENETIC [SOMETRIC
STRENGTH STRENGTH MAXIMAL VOLUNTARY
GLOBAL GYM HFMAXX STRENGTH
(kg) (kg) (Nm)
[BENCH PRESS| DOUBLELEG DOUBLE DOUBLE | DOUBLELEG | DOUBLE LEG SQUAT SINGLE ELBOW | SINGLE RNEE
PRESS ELBOW ELBOW EXTENSION FLEXION THRUST FLEXION EXTENSION
FLEXION EXTENSION
PRE | POST | PRE | POST| PRE | POST| PRE | POST| PRE | POST| PRE | POST| PRE | POST| PRE | POST | PRE | POST
2738 | 31.22 | 129.41] 139.84] 2121 | 2401 | 1767 | 2154 | 6093 | 71.63 | 27.87 | 33.73 | 135.18| 153.64| 34.10 | 3538 | 164.84| 177.1
(1.41) | (1.44) | (4.90) | (4.52) | (1.61) | (1.69) | (0.76) | (1.14) | (2.13) | 275) | (261) | (209) | (7.92) | (6.98) | (1.81) | (1.74) | (8.63) | (11.9)
2518 | 26.15 | 124.03 | 130.72| 2163 | 1943 | 17.76 | 17.42 | 5797 | 56.91 | 24.45 | 26.19 | 125.13] 123.10| 34.84 | 3364 | 166.37| 169.11
(148 153 ) b a7 (1,08 119V | /0 RA) (ﬂ74) K 13) (3 16) (1.27) {1 .52) (5.42) (480) (1.15) | (1.41) | (6.69) | (8.38)

Values are mean +/- SEM.
Data represent measures obtained at maximal resistance setting on HFMAXX (valve setting 6).
Isometric measures were taken at a joint angle of 90 degrees.




EXERCISE

CONTROL

Table 4: Percent Change in Muscular Strength

ToW GUAGI-TSORERETIC TEOMETAIC
STRENGTH STRENGTH MAXIMAL VOLUNTARY
GLOBAL GYM HFMAXX STRENGTH
(KG) (KG) (Nm)
DOUBLE LEG DOUBLE DOOBLE 1 DOUBLEIEG DOUBLE (EG CQUAT | SINGLEELBOW | = SINGLE RNEE
BENCH PRESS PRESS ELBOW ELBOW EXTENSION FLEXION THRUST FLEXION EXTENSION
FLEXION EXTENSION
% CHANGE % CHANGE % CHANGE % CHANGE % CHANGE % CHANGE % CHANGE % CHANGE % CHANGE
19.0 8.1 13.2 226 17.6 21.0 137 38 74
385 54 131 20 0.4 7 1.6 36 46

HFMAXX measures obtained at valve setting 6.

Isometric measures obtained at a joint angle of 90 degrees.
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control group across time (main effect for group), and a
significant (p:=0.007) increase in strength in both groups from
pre- to post-testing (main effect for time). Bench press
strength increased by 14% in the exercise group, and 3.9% in
the control group, with the largest increase in strength
occurring between pre- to mid-testing. There were no
significant interactions or group effects for double leg press
(no differential effect of training), Dbut strength did

increase significantly (p=0.00001) over time in both groups

(main effect for time).

HFMAXX (Quasi--Isokinetic Strength).

Double arm elbow flexion/extemsion. Training resulted in
significant increases in both elbow flexion (p<0.00005), and
extension (p<0.005) strength at all resistance settings at
mid- and post-testing. Arm flexion strength increased by
12.3%, 20% anc. 13.2%, and arm extension strength by 19%, 20.3%
and 22.6%, respectively in the training group at resistance
settings of 1, 3 and 6 from pre- to post-testing. The largest
increases occurred from pre- to mid-testing for both measures
at all resistance settings. Arm flexion strength decreased
substantially from pre- to post-testing in the control group
at all valve settings (18.7%, 14.7%, 13.1%), whereas arm
extension strength decreased to a lesser extent (1.1%, 0.5%,

2.0%).



Double 1leg flexion/extension. Training resulted in
significant increases in double leqg extension and flexion
strength at valve settings 1, and 3 at mid- and post-testing
(main group by time interaction effect). Double leg extension
and flexion strength was also significantly greater in the
trained comparad to the control group (main effect for group)
at all valve settings over the course of the study. Double leg
extension strength increased by 6%, 23.7%, and 19.3% at low,
moderate and high resistances, and leg flexion strength by
54%, 49.5%, and 23%. For the trained group, the largest
percent improvements occurred between pre- to mid-testing for
all resistance settings. Double leg extension strength did not
change significantly at any resistance setting from pre- to
post-testing for the control group; however, there was a
significant improvement in leg flexion strength (average 12.6%
increase across all 3 resistance settings) in the control

group from pre- to post-testing (main effect for time).

Squat Thrust. After adjusting for initial strength
differences, both ANOVA and ANCOVA revealed significantly
greater squat thrust strength in the trained compared to the
control group at each valve setting (main effect for group)
over the course of the study. Squat thrust increased by 12.7%,

20.6%, and 13.7% at 1low, moderate, and high resistance
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settings in the trained group from pre- to post-testing, with
the largest ircreases occurring from pre- to mid-testing at
all valve settings. Squat thrust strength decreased slightly

(average of -1% across all 3 valve settings) in the control

group from pre- to post-testing.

Isometric Strength. There were no significant interactions or
group effects for either maximal voluntary isometric elbow
flexor or knee extensor strength. There was a trend, however,
for increased =lbow flexor (p=0.09) and knee extensor (p=0.08)
strength in the trained group (group by time interaction
effect) from pre- to post-testing. This represented 3.7% and
7.4% increases in elbow flexor and knee extensor strength
respectively. Elbow flexor and Kknee extensor strength
decreased in the «control group by =-3.6% and -4.6%,

respectively from pre- to post-testing.

Relationship Dbetween strength and bone mineral changes. The
results of the Pearson product-moment correlational analyses
are presented in table 5. No significant relationship was
observed between changes in muscular strength and whole body
or lumbar spine BMC and BMD. There was however, a significant
negative (r= -.655) relationship between the percent change in
leg flexion strength and lumbar spine BMD between pre- to

post-testing.



Table 5: Results of correlational analyses between percent changes in strength and bone.

[ LUMBAR SPINE LUMBAR SPINE
8MC BMD
P-M M-P P-P P-M M-P P-P
LEG P-M .023 -.249
FLEXION M-P .428 194
P-P 352 .091 .070 -.655
P-M -.035 .016
SQUAT M-P 276 .068
THRUST P-P .182 144 .297 -.199

Correlations are significant at r=0.482
P-M= pre to mid testing

M-P= mid to post testing

P-P= pre to post testing
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Blood Analysis. The results for the blood analysis are
presented in Table 6. There were no significant differential
effects of training on any of the blood variables (group by
time interaction, or main effect for group), and with the
exception of s=2rum alkaline phosphatase, there was no change
in these variables from pre- to post-testing. Serum alkaline
phosphatase however, decreased significantly in both the

trained (10.3%) and control (12.5%) groups from pre- to post-

testing.

Dietary Analysis. The results of the dietary analysis are
presented in Table 7. There were no significant differences
between groups for either total caloric, vitamin D or calcium

intake.

Discussion

The effect of resistance training on whole body or lumbar
spine BMC or EMD has not been previously examined in females
during adolescence. Snow-Harter and Marcus (1991) demonstrated
a 1.2% increase in lumbar spine BMD following eight months of
resistance training in females with a mean age of 19 yrs.
Small increases, on the order of 1-2%, have been demonstrated
for lumbar spine BMD in pre-menopausal women following 12
(Gleeson et al. 1990) and 18 (Lohman et al. 1992) months of

resistance training. The effects of resistance training on



EXERCISE

CONTROL

Table 6: Blood Serum Characteristics

ESTRADIOL CPK ALKALINE ACID
pmol/L IU/L PHOSPHATASE PHOSPHATASE
U/L U/L

pre post pre post pre post pre post
227.82 211.18 89.41 84.29 86.0 77.94 4.02 3.93
(36.30) (30.06) (8.78) (13.80) (5.13) (4.44) (0.12) (0.16)
237.11 363.28 92.06 76.00 88.44 78.67 4.02 3.75
(33.05) (66.10) 16.65 (9.43) (6.77) (4.95) (0.14) (0.13)

Results are reported as mean +/- SEM.




Table 7: Dietary Analysis

VITAMIN D CALCIUM
KCAL (IU) (mg)
EXERCISE| CONTROL| EXERCISE| CONTROL| EXERCISE| CONTROL
1786.0 | 1524.0 | 181.0 153.8 996.0 747.0
(150) (125) (34.6) (38.3) (135) (117)

Results are reported as mean+/- SEM.
Dietary analysis was performed on a total of 27 subjects:

exercise (N=15), control (N=12).
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bone mineral density in post-menopausal women have been
equivocal; one study has reported a small reduction (4%) in
lumbar spine BMD following 11 months of training (Rockwell et
al. 1990), whereas Pruitt et al. (1992) reported rather small
and insignificant increases in lumbar spine and greater
trochanter BMD following 18 months of training.

The primary finding in this study was that resistance
training inducsd a small, yet significant, transitory increase
in lumbar spine BMD from pre- to mid-testing. Despite
significant increases in strength there was a general lack of
responsiveness of bone mineral at all other sites.

These results are generally in agreement with those studies
which have examined the effect of resistance training on
lumbar spine bone mineral in pre-menopausal, but not post-
menopausal women. Collectively, they suggest that lumbar spine
bone mass and density respond weakly to resistance training
during both adolescence and young adulthood. The general lack
of responsiveness of bone mineral at other sites such as the
whole body, suggests a site specific effect of high resistance
exercise, localized at the 1level of the spine. The
localization of increased bone density at the spine may be
related to the greater responsiveness and higher turnover of
trabecular bone in this region, compared to the whole body,
which is comprised predominantly of cortical bone (Lanyon

1992).
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Bone remodelling is governed by the number of resorption-
formation cycles that take place in a given time period
(Parfitt 1984). During adolescence, most bone surfaces free of
articulation, are either in a state of bone formation or
resorption (Montoye 1987). Bone formation proceeds at a
greater rate than resorption, and about 45-60% of adult peak
bone mass is deposited between puberty and the end of
adolescence (Bonjour et al. 1991, Snow-Harter and Marcus
1991). If a large percentage of bone surface is undergoing new
bone formation during adolescence, bone resorption and
remodelling in response to the extra strain imposed by
resistance exercise may be relatively suppressed compared to
periods when there is 1little new bone growth. A relative
suppression ofl bone remodelling, may explain the rather small
changes in bone mineral at the spine, as well as at the whole
body level in response to resistance training in this study.
Given the dynamics (i.e. half-life) of bone turnover and
formation, Dalsky et al. (1988) suggest that a period of
exercise intervention be extended for a minimum of one year to
allow bone to adapt to the newly imposed strain of exercise.
The present study lasted 26 weeks; nevertheless, despite the
short intervention period a positive effect on lumbar spine
BMD was observed. This finding suggests that the minimum
duration of exercise intervention required to positively

impact on bon2 mineral may be shorter during adolescence than
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during adulthood. The differences in intervention interval may
be related tc the higher turnover of bone mineral during
adolescence, particularly in the spinal region (Lanyon 1992).

Cross-secticnal studies generally indicate a greater bone
density in athletes and individuals with higher levels of
physical activity than in the average population (Bailey and
McCulloch 1990). Mixed results have been reported in the
childhood and adolescent periods. A positive association
between physical activity, athletic training and bone mineral
has been observed in some ( Rice et al., in press, Slemenda et
al. 1991, Virvidakis et al. 1990), but not all studies
(Bachrach et al 1990, 1991).

Turner (1991) has described a feedback theory for the
homeostatic control of bone structure. This hypothesis
proposes that a threshold level exists for mechanical strains,
above or below which bone adaptation is initiated. The
majority of subjects in the present study may have been
physically active enough to surpass the minimum strain
threshold required to optimize bone formation. The extra
mechanical strain imposed by resistance training may not have
been adequate to augment cortical bone formation, but appears
to have been sufficient for enhanced trabecular bone density
at the spine. These results suggest that there may be
different mechanical strain thresholds for optimal development

of predominantly cortical and trabecular bone density during
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adolescence. This remains a possible, but yet untested
hypothesis.

The exercises performed during the resistance training
program were specifically designed to 1load the Ilumbar
vertebrae in a compressive/dynamic fashion. Compressive forces
were directly applied to the lumbar vertebrae during the squat
thrust and military press exercises, while flexion/extension
dynamic loads were applied during the abdominal crunch/ back
extension exercises. These exercises were effective in
increasing both strength, and lumbar spine bone mineral
density in the present study from pre- to mid-testing. In this
sense, these results are consistent with the positive
relationship which has been reported between muscular strength
and bone mineral in females during early adulthood ( Schoutens
et al. 1989, Snow-Harter and Marcus 1991) and middle age
(Halle et al. 1990, Pocock et al. 1989, Sinaki et al. 1989).

The increase in muscular strength demonstrated in this study
was similar to that observed in other studies examining the
effects of resistance training in young women (Cureton et al.
1988, Jette et al. 1988, Westcott 1979). However, the
correlation (Table 5) between the largest percent increase in
muscular strength (leg flexion - medium resistance) and
percent changs in lumbar spine BMD from pre- to mid-testing
was non-significant and negative (r=-6.249). The lack of a

significant correlation between changes in muscular strength
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and bone mineral suggest that factors other than increased
muscular strength contributed to the transitory increase in
lumbar spine BMD observed in this study.

The mechanical strains imposed on bone by exercise appear to
have greater osteogenic potential when the loads are dynamic
rather than static, of high rather than low magnitude, and are
applied infrequently instead of repetitively over an extended
period of time (Lanyon 1992). According to Turners’ (1991)
hypothesis, the newly imposed loads by resistance training
would place increased strain on the bone, beyond its normal
physiological strain window. The consequence would be
increased bore formation and establishment of a new
physiological strain window, but at a higher strain threshold.
Additionally, Lanyon (1992) suggests that mechanical strains
must be perceived as being above this newly established
physiological window, both to maintain prior gains in bone
mass and to promote further new bone formation. It appears
therefore, that to sustain or promote bone mass accretion, the
strain input must consist of varied strain distribution
patterns of high magnitude and short duration that are above
the newly estzblished strain window (Lanyon, 1992).

The mechanical aspects of compressive/dynamic loading of the
lumbar vertebrae during training, rather than changes in
muscular strength itself, may be the primary determinant of

the transitory increase in lumbar spine BMD in this study.
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The mechanical strains associated with resistance training
from pre- to mid-testing may have been perceived as beyond the
normal physiclogical strain window, and of sufficient
magnitude to induce an osteogenic response, as evidenced by
the increase in lumbar spine BMD. Strength gains from mid- to
post-testing were small, compared to changes during the
initial period of training, suggesting perhaps that there was
an accommodation to the mechanical strains and resistive loads
during this phase of the training 'program. Perhaps the
mechanical strains were no longer of sufficient magnitude,
or perceived as being sufficiently different from background
strain levels to stimulate new bone formation, or even to
sustain prior gains in bone density. An accommodation to
strain loads during the latter phase of training could explain
the small reduction in bone mass and density from mid- to
post-testing, and the failure of training to significantly
increase bone mass and density from pre- to post-testing.
Resistance training often (Wilmore 1978, Mayhew and Gross
1974), but not always (Hunter 1985), results in increased lean
body mass in women. Lean body mass has been identified as an
important correlate of bone mass and density in young adult
(Wﬁgfévét al. 1992) and adolescent females (Rice et al. in
press). Resistance training did not result in any change in
body composit:ion in the present study. Perhaps the

relationship between muscular strength and bone mineral is
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dependant on increased lean body mass. The general lack of
responsiveness of bone mineral despité significant strength
gains in the rresent study may be attributed in part to the
failure of the training program to elicit an increase in lean
body mass.

Nutritional factors have been implicated as important
determinants of bone mineral development in adolescent females
during adolescence (Katzman et al. 1991, Malina and Bouchard
1991, Rice et al. in press). Calcium intake has been
identified as potentially the most important nufritional
factor in the clevelopment of bone mass in females (Matkovic et
al. 1990, Sentipal et al. 1991). Vitamin D which stimulates
the intestinal absorption of both calcium and phosphate
(Prince et al. 1988), is also considered an important nutrient
for bone development during childhood and adolescence.

Growing ind:viduals need to be in positive calcium and
vitamin D balance to meet the needs of skeletal growth and
mineralization. Both the exercise, and control groups in the
present study were below the RDA of 1000 mg/day for calcium
and 400 IU for vitamin D (Aloia 1989). Perhaps there was an
insufficient calcium phosphate pool to support the processes
of growth-related new bone formation and increased
mineralization in response to the remodelling process evoked
by resistance training. The limited availability of calcium

may partly account for the generally small changes in bone
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mineral in response to resistance training in this study.
Whether the effects of resistance training on bone density in
adolescent females is influenced by state of calcium balance
remains to be determined.

Endocrine status has also been implicated as an important
determinant of bone mineralization iﬁ both adolescent and
young édult’females. Reduced serum estrogen levels associated
with anorexia nervosa (Bachrach et al. 1990) and athletic
amenorrhea (Drinkwater et al. 1984, 1990) have been associated
with reduced bone mass and density. Resistance training had no
differential effect on serum estrogen levels and these levels
were within the normal physiological range in both groups at
the beginning and end of the present study. It seems unlikely
therefore, that the general unresponsiveness of bone mineral
to resistance training in this study can be attributed to
altered estrogen status.

Serum creatine phosphokinase (CPK) is generally considered
an indicator of muscle damage, and may be used as an indirect
indicator of the intensity of exercise training. There were no
observable changes in CPK levels in either group between pre-
to post-test measurements. The lack of change in CPK levels
from pre- to post-testing in the trained group suggests that
the training intensity may not have been sufficiently high to
induce muscle adaptation, especially during the latter part

(mid- to post--testing) of the study. Blood samples were not
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taken at mid-point, so we can only speculate about CPK changes
during the initial phase of training. Given that the largest
increases in si:rength occurred from pre- to mid-testing, it is
likely that training intensity during this period would have
been sufficient to increase CPK levels. The lack of change in
CPK levels between pre- and post-testing suggests, as do the
comparatively small changes in strength from mid- to post-
testing, that training intensity was not sustained at a high
level during the latter part of the study.

It was difficult with the training-devices used in this
study to monitor training effort. Training intensity is
determined by the resistance setting on the device, but
training effort is a product of both the resistance setting
and level of subject motivation. Although subjects were
encouraged to provide maximal effort at all times, it was
evident duringy the latter part of the study the girls were
loosing enthusiasm for training. Reduced motivation and
enthusiasm probably accounts not only for the lack of change
in CPK 1levels, but also for the unresponsiveness of strength
and bone to resistance training from mid- to post-testing in
this study.

Serum acid phosphatase is considered a general marker of
bone resorption, while alkaline phosphatase is considered a
marker of bone formation (Aloia 1989). Acid phosphatase levels

were similar between groups and remained unchanged throughout
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the study, implying that training had no effect on rate of
bone resorpticn. Alternatively, perhaps acid phosphatase was
not a sufficiently sensitive marker to detect subtle training
induced changes in bone resorption in this study. Alkaline
phosphatase levels declined proportionally in both groups from
pre- to post-testing, implying an age or growth, but not
training-related reduction in bone formation. Puberty and
adolescence have been identified as periods of very rapid bone
formation (Borijour et al. 1991, Snow-Harter an Marcus 1991).
The majority c¢f the girls at the beginning of this study were
in the latter stages of puberty and probably in the midst of
the peak bone formation phase, as reflected by relatively high
levels of alkaline phosphatase. The reduction in alkaline
phosphatase from pre- to post-testing probably reflects a
reduction in lbone formation rates toward adult levels, as a
consequence of continued maturation during the course of the
study.

In addition to the factors discussed above, the results of
this study mav also have been affected by subject compliance
to training. The effect of subject compliance on measures of
bone mineral, and 1RM performance strength on the HFMAXX
resistance machine are depicted in Figures 4 and 5. Despite
on-site train:.ng and flexible training times, only 8 of the 17
girls in the exercise group demonstrated a compliance rate of

greater than 80%. Eight subjects had compliance rates between
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Figure 4. Effect of subject compliance on whole body and lumbar
spine BMC and BMD.
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Figure 5. Effect of subject compliance on leg flexion and squat
thrust strength measures for pre-, mid- and post-testing.
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50-80%, and one subject had a compliance rate of less than
50%. This poor COmpliance rate may have dampened the effect of
training on strength and body composition outcomes, and
ultimately bone mineral formation. Compliance appeared to have
little effect cn measures of bone mineral (Figure 4), however,
there was a trend for greater strength increases in the high
compliance group compared to the other two groups (Figure 5).
As 1is evident, the increases in strength do not appear to
correlate well with the observed changes in either whole body
or lumbar spine BMC or BMD. It appears therefore, that some as
yet unidentified factor or factors, besides compliance and
strength gains per se, may be relatively more important
determinants o©of the responsiveness of bone to resistance
training in adolescent girls.

At 26 weeks, this is the longest resistance training study
to date involving adolescent females. Despite significant
increases in muscular strength, the training program failed to
provide an aclequate stimulus for sustaining of mid-point
changes in lunbar spine bone density, or for enhanced whole
body bone mineral density and content in this study. These
results suggest that resistance training might not be as
effective at increasing bone mass and density in adolescent
girls, as many have suggested it might be (Loucks 1988, Lanyon

1992) .
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Summary

Osteoporosis is a major cause of morbidity and mortality in
our aging population. The primary goal in the management of
this problem is to prevent or delay bone 1loss and
consequently, 20 curtail the incidence of fractures associated
with low bone mass and density.

Given the 1elative ineffectiveness of most intervention
studies in adult females to counter the age associated loss of
bone leading to osteoporosis, one strategy for impacting on
this disease is to strive for attainment of enhanced BMC/BMD
during the childhood and adolescent years. Increased bone mass
during the formative growth years theoretically would prolong
the time before the critical bone mineral fracture threshold
would be reacled.

Human growtl. and skeletal maturation are dynamic processes
that start in utero and end somewhere during the third decade
of life. During this period, genetic and endogenous factors
interact with the environment to determine skeletal peak bone
mass. Matkovic et al. (1990) suggests that approximately 90%
of adult peak bone mineral is accumulated in the years
preceding, and during the adolescent growth spurt. Therefore
it is important to identify those factors which contribute to
the attainment of peak bone mass, and to determine their
relative importance during the developmental years. Once these

factors have oeen identified, intervention strategies may be
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employed during childhood and adolescence for the purpose of
maximizing adult peak bone mass.

Two separate studies were undertaken in this thesis; the
first, was a study of the correlates and determinants of bone
mass and density in adolescent females, and the second was a
study of the eififectiveness of resistance training to increase
bone mineral density in young healthy adolescent girls.

The specific: purposes of the first study were: 1) to
describe the correlational relationships between whole body
and lumbar spine BMC and BMD and selected lifestyle, fitness,
gynaecologic-endocrine, nutritional, and body composition
variables and 2) to identify the key predictors of cortical
and trabecularr BMC and BMD from amongst various classes of
independent variables. The purposes of the second study were:
1) to determine the effectiveness of 26 weeks of progressive
resistance training to increase whole body and lumbar spine
bone mineral mass and density in young females during the
formative growth years of adolescence, and 2) to investigate
selected endocrine adaptations to this type of training which
might impact on bone mineral development.

The primary finding of the first study was that of all the
selected independent variables, body mass was most highly
correlated with, and accounted for the largest proportion of
the explained variance in the four bone mineral measures.

These results are consistent with previous findings in adult
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females (Dawsori-Hughes et al 1990, Drinkwater et al. 1990) as
well as in children (Kroger et al. 1992, Troverbach et al.
1992, and White et al. 1992). Caloric intake, 1level of
habitual physical activity and time since the onset of menses
were additional significant but relatively 1less important
factors in determining female adolescent bone mass. The
importance of these findings is thaf body weight, daily
caloric intake, and level of physical activity are to some
extent self-controlled variables. Therefore, girls (and their
parents) in this age range should be counselled about the
importance of maintaining both a healthy diet and body weight,
and participation in regular habitual physical activity for
optimal development of bone mass and density during
adolescence.

The major limitation of this study was the limited sample
size. A small sample of 36 subjects provides 1limited
statistical fpower, when using multiple 1linear regression
analysis. Given the small sample size, caution must be used in
generalizing these results to the female adolescent population
at large. There were also limitations associated with the
methods used to determine level of habitual physical activity
and endocrine status. Physical activity was assessed by recall
questionnaire and by a motion detection device (Caltrac). The
major limitation of recall questionnaires, is the degree of

accuracy of recalled information over extended periods. The
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motion detector only indicates motion in a single plane when
the body’s ceni:re of gravity is moved outside a pre-defined
range. Although providing an objective measure of physical
activity, many activities such as cycling, or activities
involving arms only are not registered on this device. Blood
analysis was only sampled at one point in time, and therefore
may not be reflective of the normal or integrated hormonal
profile of the subjects.

In the second study, resistance training resulted 1in
significant strength gains, and a transitory increase in
lumbar spine BMD from pre- to mid-testing. The training
program, howevar, had no significant effect on whole body BMC
or BMD and lumbar spine BMC. To the authors’ knowledge, this
was the first study to examine the effects of resistance
training on bone mineral in the adolescent female population.
To date, the rajority of studies examining the effectiveness
of resistance training in maintaining or increasing present
bone mineral levels have concentrated on the peri-menopausal
age range. The majority of these studies (Gleeson et al. 1990,
Pruitt et al. 1992, Sinaki et al.1989) support a weak, but
nevertheless positive effect of resistance exercise on bone
mineralization in the adult female population. The results
from the pres=nt study suggest that resistance training may
also have a weak positive effect on lumbar spine bone density

in adolescent girls, but that this response is not permanent,



if not engendered by continued high intensity training.

There were three major limitations to this training study:
subject compliance, training intensity, and possibly training
duration.

Despite on site training and flexible training times, only
8 of the 17 girls in the training group had a compliance rate
of greater than 80%. Eight subjects had compliance rates,
between 50-80%, and one subject had a compliance rate of less
than 50%. The second limitation was the training effort or
intensity put forth by the subjects during the exercise
program. Entkusiasm and motivation for training waned,
especially during the 1latter phase of training despite
numerous inceritives to encourage participation.

The third limitation may have been the 1length of the
training program itself. At 26 weeks this represented the
longest resistance training program to date involving
adolescent girls. While this was obviously of sufficient
duration to induce significant strength gains, it was not of
sufficient 1length to induce substantial changes in bone
mineral status. Bone appears to be a slowly adapting tissue
and its response to imposed mechanical strain may be slow
compared to skeletal muscle. Some (Dalsky et al. 1988,
Drinkwater et al. 1990) suggest training programs of a minimum
duration of 1 year for realization 6f enhanced bone mineral.

Additionally, the biological adaptive capacity of bone may be
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fully taxed during adolescence in meeting the demands imposed
by growth. Thus, there may be no reserve capacity for enhanced
bone mineralization in response to the increased mechanical
strains of physical activity during this period.

Future studies should examine the issue of improving subject
compliance in this age range, ensuring progressive training
intensity, as well as extending the training period to
encompass at least one year. Adolescence is a period of
optimal intestinal calcium retention. Future studies should
also examine the effects of combining resistance training with

calcium intervention on development of peak bone mineral

content and density in adolescent females.
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ANOVA/ANCOVA TABLES



ANOVA SUMMARY TABLES

ESTROGEN

Effect df MS df MS F p-level
Effect Effect Error Error

Group (G)] 1 113860 | 33 | 32792.7| 3.47211| 0.07133
Time (T) 1 524332| 33 | 33216.4| 1.57854| 0.21779

GxT 1 89158.7 33 33216.4 | 2.68418 | 0.11085
CPK
Effect df MS af MS F p-level

Effect Effect Error Error

Group (G) 1 139.563 33 3880.52 | 0.03597 | 0.85075
Time (T) 1 1959.73 33 1403.37 | 1.39644 | 0.24577
GxT 1 522.988 33 1403.37 | 0.37267 | 0.54574

ACID PHOSPHATASE

Effect df MS df MS | F | p-level
Effect Effect Error Error

Group (G) 1 0.15059 32 0.45158 | 0.33347 | 0.56766
Time (T) 1 0.56532 32 0.20195 | 2.79933 | 0.10405

GxT 1 0.13235 32 0.20195 | 0.65538 | 0.42417
ALKALINE PHOSPHATASE
Effect df MS df MS F p-level

Effect Effect Error Error

Group (G) 1 43.926 33 893.223 | 0.04918 | 0.82587
Time (T) 1 1390.74 33 80.0917 ; 17.3643 | 0.00021
GxT 1 12.917 33 80.0917 | 0.16127 | 0.69058




ANOVA SUMMARY TABLES

ISOMETRIC ARM MVC
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 4.11493 33 107.258 | 0.03836 | 0.84593
Time (T) 2 1.73307 66 5.6296 | 0.30785| 0.73607
GxT 2 14.0217 66 5.6296 | 2.49116 | 0.09053
ISOMETRIC LEG MVC
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 1476.15 32 3701.85| 0.39876 | 0.53222
Time (T) 2 611.976 64 291.967 | 2.267291 0.11189
GxT 2 745.255 64 291.967 | 2.55253 | 0.08579




ANCOVA SUMMARY TABLE

BENCH PRESS

Effect of MS of MS | F | plevel
Effect Effect Error Error

Group (G) 1 161.323 32 10.0954 | 15.9798 | 0.00035
Time (T) 1 30.5542 32 3.71386 | 8.22707 | 0.00725
GxT 1 0.0047 32 3.71386 | 0.00126 | 0.97195

ANOVA SUMMARY TABLE

DOUBLE LEG PRESS

Effect df MS df MS F p-level
Effect Effect Error Error

Group (G)] 1 1693.87| 33 | 918.127| 1.84491 | 0.18359
Time (T) 2 64256 | 66 | 47.8174| 13.4378| 1.3E-05
GxT 2 46656 | 66 | 47.8174| 0.97571 | 0.38229




ANOVA SUMMARY TABLES

ARM EXTENSION - VALVE 1

Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 70.7085 33 10.5961 | 6.67308 | 0.01441
Time (T) 2 16.0994 66 1.57391 | 10.2289 | 0.00014
GxT 2 13.9666 66 1.57391 | 8.87379 | 0.00039
ARM EXTENSION - VALVE 3
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 100.556 33 15.3482 | 6.55164 | 0.01525
Time (T) 2 32.1661 66 1.44009 | 22.3361| 1E-06
GxT 2 17.6879 66 1.44009 | 12.2825| 2.9E-05
ARM EXTENSION - VALVE 6
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 134.191 33 34.61 | 3.87724 | 0.05739
Time (T) 2 49.4816 66 3.14129 | 15.752 3E-06
GxT 2 42.9122 66 3.14129 ] 13.6607 | 1.1E-05




ANOVA SUMMARY TABLES

ARM FLEXION - VALVE 1

Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 131.537 33 18.93 | 6.94858 | 0.01269
Time (T) 2 0.2195 66 1.57337 | 0.13949 | 0.87006
GxT 2 18.4479 66 1.57337 | 11.7251 | 4.4E-05
ARM FLEXION - VALVE 3
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 200.228 33 33.5547 | 5.97621 | 0.02009
Time (T) 2 2.428 66 1.8497 | 1.31262 | 0.27605
GxT 2 43.5051 66 1.8497 | 23.5201 1E-06
ARM FLEXION - VALVE 6
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 169.135| 33 91.226 | 1.85402 | 0.18254
Time (T) 2 0.3412 66 2.98354 ] 0.11434 1 0.89213
GxT 2 63.8829 66 2.98354 | 21.4117 | 1E-06




ANOVA SUMMARY TABLES

SQUAT THRUST - VALVE 1

Effect df MS df MS F p-level
Effect | Effect Error Error
Group (G) 1 3156.64 32 423.387 | 7.45568 | 0.0102
Time (T) 2 301.371 64 240.775| 1.4717 | 0.23719
GxT 2 302.325 64 204.775| 1.47637 | 0.23614
ANCOVA SUMMARY TABLES
SQUAT THRUST - VALVE 3
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 7208.31 31 266.189 | 27.0797 | 1.2E-05
Time (T) 1 12.781 31 13.9234 | 0.91796 | 0.34524
GxT 1 25.67 31 13.9234 | 1.84367 ) 0.18432
SQUAT THRUST - VALVE 6
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 9078.42 31 236.172 | 38.4399| 1E-06
Time (T) 1 6.918 31 47.3134 | 0.14621 | 0.70479
GxT 1 1.152 31 47.3134 | 0.02435| 0.87702




ANOVA SUMMARY TABLES

LEG FLEXION - VALVE 1

Effect df MS af MS F p-level
Effect Effect Error Error
Group (G) 1 241.602| 33 | 39.3966 | 6.13256 | 0.01857
Time (T) 2 419.94 66 6.2132 | 67.5884 | 1E-06
GxT 2 84.6167 66 6.2132 | 13.6189| 1.1E-05
LEG FLEXION - VALVE 3
Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 482.095 33 57.1522 | 8.43529 | 0.00652
Time (T) 2 456.603 66 8.36946 | 54.5559| 1E-06
GxT 2 132.6 66 8.36946 | 15.8433 | 2E-06
ANCOVA SUMMARY TABLE
LEG FLEXION - VALVE 6
Effect df MS df MS F p-ievel
Effect Effect Error Error
Group (G) 1 461.52 32 29.18 | 15.8163 | 0.00037
Time (T) 1 40159 32 2.08015| 1.93059 | 0.17429
GxT 1 4.9758 32 2.08015| 2.39204 | 0.13179




ANOVA SUMMARY TABLES

LEG EXTENSION - VALVE 1

Effect df MS df MS F p-level
Effect Effect Error Error

Group (G)| 1 630.835| 33 | 141.485| 4.52229| 0.04102
Time (T) 2 | 315869| 66 | 6.4488 | 48.9808| 1E-05
GxT 2 |188798| 66 | 6.4488 | 29.1838| 1E-05

LEG EXTENSION - VALVE 3

Effect df MS df MS F p-level
Effect Effect Error Error

Group Q)] 1 142859 33 | 151.08 | 9.45585 | 0.00421
Time (T) 2 | 344718| 66 | 8.4146 | 40.9668| 1E-06
GxT 2 |207.204| 66 | 8.4146 | 24.6245{ 1E-06

LEG EXTENSION - VALVE 6

Effect df MS df MS F p-level
Effect Effect Error Error

Group (G)] 1 284587 | 33 | 396.564| 7.17632 [ 0.01143
Time (T) 2 |585342] 66 13.839 | 42.2966 | 1E-06

GxT 2 365.836 66 13.839 | 26.4352| 1E-06




ANOVA SUMMARY TABLES

LUMBAR SPINE BONE MINERAL CONTENT

Effect df MS df MS F p-level
Effect Effect Error Error
Group (G) 1 .654882 32 937310 .69868 | 0.40943
Time (T) 2 217764 64 11.12304 | 11.12304| 7E-05
GxT 2 .030633 64 1.56466 | 0.217053 | 0.21705
LUMBAR SPINE BONE MINERAL DENSITY
Effect df MS df MS F p-level
Effect Effect Error Error
Group (Q) 1 0.00061 32 0.036962 | 0.01645 | 0.89876
Time (T) 2 0.00998 64 0.000791 | 12.62032 | 2.4E-05
GxT 2 0.00315 64 0.000791 | 3.97789 | 0.02353
TOTAL BODY BONI= MINERAL DENSITY
Effect df MS df MS F p-level
Effest Effect Error Error
Group (G) 1 0.00035 32 0.00915 | 0.038116 | 0.84644
Time (T) 1 0.00024 32 0.00053 | 0.385666 | 0.53899
GxT 1 1.2E-05 32 0.00053 | 0.021769{ 0.88363
ANCOVA SUMMARY TABLE
TOTAL BODY BONE MINERAL CONTENT
Effect df MS df MS F p-level
Effect Effect Error Error
Group (Q) 1 1774.86 31 7560.566 | 0.234752 | 0.63143




CONSENT FORM (CHILD)




McMASTER JJNIVERSITY

School of Physical Education and Athletics

1280 Main Street West, Hamilton, Ontario L8S 4K1
Telephore: 525-9140 Ext. 3400

CONSENT FORM
(Child)

STRENGTH TRAINING AND BONE DEVELOPMENT
IN ADOLESCENT GIRLS

I consent to take part in a study which will
(Name - Print)
assess the effects of strength training on bone and strength development in adolescent
girls.

I understand that I will be assigned to either a group that strength trains, 3 times
per week, or a control group which will not be involved in any special training.

I also understand that I will be required to attend several testing sessions both at
McMaster’s Physical Education Complex and at the McMaster Medical Centre to
determine my level of physical activity, cardiovascular and strength fitness, dietary intake,
endocrine status (blood hormones), body composition, and the size and density of my
muscles and bones.

I understand that I will receive a written summary of my results on these tests, that
my results will be kept strictly confidential, and that I may withdraw from the study at any
time, even after signing this consent form.

If you are willing to take part, please so indicate by signing below.

" I understand the purpose and procedures of this study as described above, and
agree to participate.

(Name - Print) Signature _ Date

Please return this form to Mr. Fox, Principal, St. Mary’s School by September 7th,
1990. You will be contacted by telephone, by the study coordinator, once the consent
forms have been returned.

If you or your parents have any questions please do not hesitate to contact Dr.
Cameron Blimkie at 525-9140, Ext. 4465, the chief investigator in this study.



CONSENT FORM (PARENT)



MCMASTER UNIVERSITY

School of Physical Education and Athletics

1280 Main Street West, Hamilton, Ontario L85 4K1
Telephorie: 525-9140 Ext. 3400

CONSENT FORM
(Parents)

STRENGTH TRAINING AND BONE DEVELOPMENT
IN ADOLESCENT GIRLS

I , consent to allow to take
(Name) (Participants Name)
part in a study which will assess the effects of strength training on bone and strength
development in adolescent girls.

I understand that my daughter will be assigned by the investigators into either the
training group, which will take part in a 5 month strength training program, or a control
group which will not train, but which will undergo all of the same tests and measurements
(outlined below) as the training group.

I understand that the tests will involve a complete medical/physical examination by
a physician, a series of maximal voluntary and electrically stimulated muscle strength
measurements using standard laboratory techniques, assessment of body composition
(weight and body fat), physical activity (questionnaire and activity monitors) and dietary
intake (food diary). Cardiorespiratory fitness will be assessed during an 8-13 minute
cycling test and muscle and bone cross-sectional area of the right leg, and whole body and
spine mineral content and density will be determined using special radiological techniques.
The radiation techniques are relatively safe, and the combined radiation exposure for the
study is equal to the average annual whole body dose received by Ontarians as a
consequence of exposure to natural environmental radiation.

I understand that my daughter will receive a written summary of her performance
on the various tests upon completion of the study, that her individual results will be kept
strictly confidential, and that she may withdraw from the study at any time, even after
having signed the consent form.

-

If you and your daughter agree to take part, please so indicate by signing below.



PARENTS CONSENT 2

[ understand the purpose and procedures of this study as described above, and
agree to allow my daughter to participate.

(Name - Print) Signature Date

Please return this form to Mr. Fox, Principal, St. Mary’s School by September 7th,
1990. You will be contacted by telephone, by the study coordinator once the consent
forms have been returned.

If you have any questions, please don’t hesitate to contact Dr. Cameron Blimkie at
525-9140, Ext. 4465, the chief investigator in this study.



TANNER STAGING



Breast Developnent Pubic Hair Development

PLEASE CIRCLE THE LETTERS WHICH BEST REFLECT YOUR CURRENT

STAGE OF BREAST AND PUBIC HAIR DEVELOPMENT.




MENSTRUAL HISTORY
QUESTIONAIRRE



ADOLESCENT GIRLS STRENGTH TRAINING STUDY

MENSTRUAL HISTORY QUESTIONNAIRE

Numerous studies have indicated that intensive training may alter menstrual
function, and that changes in menstrual function might affect bone development.
Please take a few minutes to complete this questionnaire about your menstrual
history. Disregard any question that may be offensive. Remember that this
information is striztly confidential and will not be shared with anyone other
than the key investigators in this study. Thank you for your honesty and help.

Name: Age:

Grade:

D

no D

Have you ever weight-trained before? yes

If yes, for how long?

If yes, what type cof training? For strength

Powerlifting

000

Olympic Lifting

Have you had your lst period yet? yes [] no E]

At what age clid you have your first menstrual period? State your age in
years and months. For example, 12 years, 3 months.
years months

Is your current cycle regular? yes C] no E]
If yes above, state the interval (# of days) between periods. Indicate

the number of days between day 1 of your period (onset of flow) and day
1 of the following period. 4 of days .

Has your menstrual cycle been regular from its onset?

yes O no O

How many menstrual periods have you had in the last year? Check one

d

area only. 9-2 D, less than 9 D , none in the last 6 months .

none in the last 12 months D



yes G no D

- if yeg above, how long had you used it? Indicate the number of years
and montas. years , months .

Have you ever ised the birth control pill?

- if yes above, at what age did you begin taking the pill? age

O

Are you currently using the birth control pill? yes E] no

- if yes above, how long have you currently been on it?
years _ , months

Please list all the sports activities you have been involved in during the
past 12 months and provide information about your level of participation e.g.
recreational, houseleague, competitive, a description of the amount of training
involved with the sport, the season in which you participated, and the level of
intensity of training and participation (1 being not at all intense, 10 being
most intense).

Sport History

Level of Competition Training History Train/Partic
Sport Rec. House Lg. Compet.|hrs/day days/wk. |Season |Int. (1-10)

Thank you for your cooperation.



ACTIVITY QUESTIONNAIRES



Directions For Activity Questionnaire Completion

Activities [n The Past Year

Mention importance of accuracy of detail.

Record activities which subject did besides normal activity,
as a form of leisure, recreation or sport.

e.g. - walking to school not considered appropriate
- bicycling to school not considered appropriate
- walking exercise program is appropriate
- stationary or outdoor Dbicycling for fun or
racreation or as part of club is appropriate

Ask subjects to begin with last October (1989) and progress
from left to right for each of listed activities.

e.g. - bagin with October 1989 for walking as exercise and
end with this past September 1990.

Ask subject to estimate the number of times they performed
each exercise each month, and to provide an estimate of the
average langth of time spent per session for each activity.

Ask subject to estimate the average intensity of each
activity over the year long period. Light intensity would
be barely above rest or normal conditions and would cause
only a s3light increase in heart rate and breathing.
Moderate exercise would cause a noticeable increase in heart
rate and breathing but would be tolerated quite easily by
most individuals. Heavy exercise would cause a large and
very noticeable increase in both heart rate and breathing.
Breathing would be labored and heavy and the exercise would
not be tolerated for a very long period of time.

Ask subject to complete additional activity section at the
bottom of the questionnaire. Let them refer to the physical
activity reference card (attached) to help them with their
recall.

Review the questionnaire with each subject and clarify any
responses which seem unrealistic.

Ask the subject to'print their name in the upper right hand
corner of the questionnaire.

Record ycur name under the subjects name.

File this questionnaire with the monthly questionnaire data
form under the subjects name.




Activities In The Past Month (September 1990)

Mention the importance of obtaining more detailed
information about the past month's activity than was
provided in the 1st questionnaire.

Explain the 2 examples at the top of the questionnaire.

Ask subjects to complete each open activity space indicating
the type 9°f activity, the number of times they did the
activity daring the past month, the average time per session
of activity and the estimated intensity of the activity.
Have the subject fill out this questionnaire as completely
as possible from recall first of all and then let them refer
to the activity reference <card to <complete the
questionnaire. Include all activities that they can recall
which were over and above normal 1levels of habitual
activity.

Review each item on the questionnaire.

Ask subjects to print their names in the upper right hand
corner of the questionnaire.

Print your name below the subjects name.

File the cuestionnaire with the yearly questionnaire under
the subjects name.



ACTIVITILNG IN THE LAST MONTH

Please refir 10 the reference card for g list of activities. Answer the following for the physical
activities 'ou have done at least oncs in the last maonth.
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ACTIVITIES IN THE PAST YEAR

PHYSICAL ACTIVITY IN YOUR SPARE TIME

The following activities refer to physical activities that are not related to work.
Have you done any of the foliowing physical activities in the past 12 months?

Please indicate whether you have done each activity listed below. Then for those activities which you

have done, piease complete the number of times done each month, and the average time spent on each

occasion (not counting travel tine, changing etc.). Average time

Number of times each month occpa;iron Intensity

No Yes Jan Feb Mar AprMayJune JulyAug Sept Oct Nov Dec hrs min Lo Mot j

walking forexercise [ O ot .t g0 ¢ 1t 1 bt 1 b1 e —
bicycling O 0O L ettt e b1 L —
jogging or running (I T T T NG | MUUN N SG § SN SN SN | NS SO SN R 0 | B .
home exercises O 0O% e ottt bttt .
exercise class, aerobics [ O™ L 1 gt L 1 1t L b et 11 Ly _

No Yes J FM A M J J A 8§ O N D hrs min
ice skating O 0O% st ot oseat o re 11 i —
cross-country skiing 0[O0 DI (.t .1 gv 3 1ot ot oot 10 LI 3
downhill skiing O O o ot e o et b i1 101 e .
ice hockey O 0% 01t g1 ey -
swimming O O 1 e o e L Uy L
No' Yee = J- A 8 O N D nrs min )
gardening, yard wark o D-b*l | DU B IO BN NUU N I | I | |
golf v 0O I I { SO I I I I | IO L
tennis- C . D { { 'L | N | j LJl ] ‘ .
weight training O : : : | U TDU § DU MU NS N IS § N |
[ AN § IO B I I | e

baseball, softball .~ [J-

: - A-S O-N.D hrs min _
popular or social dance Df [N DN | AN RN N I B | | _
ballet, modem dance = [J D-br 1 S U § U HUUN NN B O | I
square or folk dance - OO NI ] I IO B (R I |
bowling . .‘f_",_vD*_fD"v"v':*l U N TG U N T |

Please refer to the Physlcal Actlvlty Rohronco Card and list any othst actlvitles that you kave done
in the past 12 months. F M AL . o N D hrs min

"::'1 11 S IO T BN § AR S0 | [ |
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Daily Daily Daily

Total Total Total
BREAKFAST BREAKFAST BREAKFAST
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