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ABSTRACT

This study investigated the effects of a ten wesstance training intervention
on bone mineral density and performance measuresmnpetitive female adolescent
gymnasts. Previous research indicates resistaarenty improves performance and
reduces injury risk. Resistance training as a modeeduce injury risk may be of
primary importance in sports with history of highury rates but low participation in
resistance training, such as gymnastics. Sixteeralfe adolescent gymnasts between
the ages of 12-20 competing at Junior Olympic kev@&t10 were recruited.
Participants were divided into resistance trai{iNg= 10 age; 13.5+1.00 years, height;
155.19+8.38 cm, weight; 51.58+9.63 kg) or gymnasticaining (N = 6 age;
15.25+2.25 years, height; 149.23£11.91 cm, weigbt52+10.22 kg) groups. The
resistance training group participated in a higlpast resistance training program
twice a week on non-consecutive days for ten wedhide the gymnastics training
group continued regular participation in gymnasiicactice.  Resistance training
resulted in significant improvements in bone mihdensity, power and jump height,
as well as maximal strength £p0.05). Conclusion: Full body, high impact resista
training performed on non-consecutive days, follgyvnon-linear periodization for
1.5 to 2 hours per week for ten weeks is suffictenbbtain bone mineral density and

performance improvements in competitive female esttdnt gymnasts.
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CHAPTER 1

INTRODUCTION

The number of athletes competing in gymnastichénUnited States has risen
from 7,000 in the 1960s to over 90,000 currentl$AUGymnastics). Females
account for almost 76% of gymnastics participantthe United States and 80% of
gymnastics participants are under 18 years of d§&\(Gymnastics).

The rate of injury in women’s gymnastics is highwdren compared to other sports
(Colvin et al. 2010, Singh et al. 2008). Partitipais associated with an increased
risk of stress fractures and produces the highastoer of injuries requiring surgeries
(Colvin et al. 2010). Tendon and ligament spraing stress fractures are the most
prominent injuries (Singh et al. 2008).

Despite this elevated risk of bone and connectssié injury, data suggests that
female gymnasts average greater bone density tiegmpieers (Burt et al. 2012, Helge
et al. 2002, Maimoun et al. 2011, Morel et al. 209ithols et al. 2007). A meta-
analysis done in 2012 by Lauren Burt reported yoanhg female gymnasts age 6-12
years old show greater bone density then non-gytsi(Bart et al. 2012). According
to a study in the Journal of Bone and Mineral Metiin, gymnasts age 11-16 years
have greater bone strength index then non actmealgs (Greene et al. 2012).
However, research is conflicting. Artistic gymrsagtining more than fifteen hours
per week report greater percentages of amenorritemadequate dietary intake

(Ducher et al. 2009, Myer et al. 2011, Soric eR8D8) which may result in



compromised bone mineral density (Colvin et al. @@ucher et al. 2009, Warren
1999). Increased incidence of traumatic and sfrasture with compromised bone
mineral density (BMD) has been documented (Colvial. 2010, Ducher et al. 2009,
Warren 1999). Further evidence shows greaterofighjury during peak bone growth
in adolescence (Bailey et al. 1989, Colvin et @lL@ and greater general risk of
injury due to the nature of the sport (Colvin et24110, Singh et al. 2008).

The National Strength and Conditioning Associa(ld8CA) defines resistance
training as a specialized method of conditioningicl involves the progressive use of
a wide range of resistive loads and a varietyahing modalities designed to enhance
health, fitness, and sports performance (Faigenhketuah 2009). The NSCA'’s
position stand on youth and adolescent resistang®@rtg states that regular
participation in resistance training can strengtbene, improve motor performance
skills, and increase resistance to sport relatedias (Faigenbaum et al. 2009). A
review on strategies to prevent injury in adolessport published in 2007 by the
British Journal of Sports Medicine cited streng#irting as a significant method for
reduction of sports injury (Abernethy et al. 200%).2006 a Meta-analysis done by
Hewett et al. found that research designs usimmgth training were the most
effective at preventing ACL injury to female atldst(Hewett et al. 2006).

Due to the competitive nature and intense traioitgn associated with
participation in gymnastics, improving technicaillsktrength, speed and power are
of upmost importance while concomitantly reduciiss for injury. Research
suggests that resistance training can decreas® gl through improvement of bone

mineral density as well as positively affect pemfiance (Kraemer 2009, Nichols et al.



2007). The impact of resistance training on indregbone mineral density is well
documented. Specifically, research published byidDBlichols in 2001 demonstrates
increased BMD following resistance training in asaent females (Nichols et al.
2001). Numerous publications have demonstratedéigalar participation in
resistance training can result in increased bomeral density in young athletes
(Bassey et al. 1994, Borer 2005, Faigenbaum €080, Faigenbaum et al. 1999,
lwamoto et al. 2009). Research studies indicatergrgular participation in sport
training combined with resistance training can ftasunew bone formation for young
athletes (Faigenbaum et al. 1999). Consistenicgaation in a resistance training
program can maximize bone mineral density in child adolescent athletes
(Faigenbaum et al. 2009). According to a studynftbe University of Michigan,
physical activity increases growth in width and eral content of bones in adolescent
females when it is initiated before puberty, catmet in volumes and at intensities
seen in athletes, and accompanied by adequateccahal calcium intakes (Borer
2005). A study published in 1994 reported thategeng the weight-bearing skeleton
with repeated regular extra loads and a rapidiggiforce profile was associated with
an increase in bone density in the femur (Bassal. 4994).

In addition to decreasing injury risk, data suggessistance training enhances
athletic performance (Faigenbaum 2000, Faigenbdwah 2009, Guy et al. 2001,
Harries et al. 2012). Improvements in motor perfance skills after resistance
training in children and adolescents have beenraedgFaigenbaum et al. 2009).

According to a study published in The Physician &pdrts medicine, 2011 Holistic



Training programs that include multifaceted exey@pproaches improve
biomechanics, sport performance, and injury risléhMet al. 2011).

Regular participation in a well-designed resistamaming program appears to
result in improvement in athletic performance; heere further research is still
required in the field of gymnastics. With a praggiee need for improved
performance and concomitant BMD increase to refi@cpient occurrence of
traumatic musculoskeletal injuries to gymnastiagigpipants, a resistance training
intervention may provide positive benefits, howewarrent research in only
observational (Burt et al. 2012, Burt et al. 20C2|vin et al. 2010, Emerson et al.
2010, Helge et al. 2002, Maimoun et al. 2011 , @i&at al. 2011, Singh et al. 2008,
Sobhani et al. 2012). Despite the rapid growthyshnastics, an extensive database
search resulted in only two research publicationslving training interventions with
this population (Deley et al. 2011, Durall et &09). A study published by Gaelle
Deley in 2011 examined the effects of combinedtedetyostimulation and
gymnastics training in prepubertal girls. ChrigtepDurall researched the effects of
preseason trunk muscle training on low back pacuomence in female collegiate
gymnasts. There is no research examining thetseshigh impact resistance
training and its effect on female adolescent gynmaghere are many studies
published in the area of injury prevention and borieeral density.

Thus, the purpose of this study is to examine ffeets of a high impact resistance
training protocol on markers of performance andexmmeral density in adolescent

female gymnasts. We hypothesize that a resistaaiceny program will result in



greater bone mineral density and improved forcepovader production compared to a

control group.



CHAPTER 2

REVIEW OF LITERATURE

Gymnasticsand Injury. A review article written by Alexis Colvin and Abigid.ynn

in 2010 stated that gymnastics has one of the btghgiry rates of all girls sports
(Colvin et al., 2010). Colvin cited a study examgthe epidemiology of gymnastics
related injuries among children in the United Statkn this study Singh et al.
analyzed data for children 6-17 years old fromNlagional Electronic Injury
Surveillance System of the US Consumer Producttys@femmission from 1990-
2005. What they found was that an estimated 4256 c80dren were treated in US
hospital emergency rooms for gymnastics-relatadries over that 15 year period.
82.1% of those being female. The number of injusigstained per 1000 participants
per year differed with age; 7.4 injuries (per 1@@0@ticipants per year) for ages 12-17
and 3.6 for ages 6-11 (Singh et al. 2008). Singil.€oncluded that the high
incidence of gymnastics-related injuries suggestriged for increased prevention
efforts to lower the risk of injury in gymnastics.

O’kane et al. (2011) also examined injury occureeimcgymnastics. This
cross-sectional study surveyed 96 female gymnasts &17 competing from levels
4-10. The results divided injuries into two groug@sute and overuse, as well as
accounting for age, competition level, and houpraictice per week. The acute injury
rate was 1.3 per 1000 hours while overuse waspeB1000 hours) (O’kane et al.

2011). In both cases the incidence of injury insesbwith age and increasing level of



competition with the most common injury occurreacgong gymnasts age 13-17,
competition levels 7-10, and 19-25 practice ho@rsvieek. This presents a need for
more preventative measures focusing on the aforeomexd group.

A comprehensive review published in 2005 examiheddistribution and
determinants of gymnastics related injury to dakhis study reported similar injury
rates (ranging from 1.4-3.7 per 1000 hours) taweepreviously mentioned studies.
Caine et al. found the majority of injuries weresaflden onset (acute) sprains and
strains. However, the pattern of injury onset many by location. Lower extremity
incurs the most frequent injuries followed by uppetremity and spine/trunk (Caine
et al. 2005).

All three of these studies reported significantigager injury occurrence
during competition when compared to practice. Hmvethe majority of injuries
occur during practice due to the high exposure ©icampared to competition.
Increasing injury rates with age and level of cotitipa were also noted with special
attention being paid to the higher occurrence @rose injury among the advanced
gymnasts (levels7-10) (Caine et al. 2005, O’kare.e2011, Singh et al. 2008).
Female athletetriad. The American College of Sports Medicine’s 2007i{as
stand defines the female athlete triad as thergltgronships among energy
availability, menstrual function, and bone minatahsity, which may have clinical
manifestations including eating disorders, funaidmnypothalamic amenorrhea, and
osteoporosis (Nattiv et al. 2007). The positi@ndtconcludes that low energy
availability appears to be the factor that impa#groductive and skeletal health.

Energy availability refers to dietary energy intakeus exercise energy expenditure.



In a state of low energy availability cellular m&nance, thermoregulation, growth,
and reproduction are affected (Nattiv et al. 2001Mis is of special concern in sports
that emphasize leanness.

A study done in 2002 out of the University of WeratAustralia examined the
prevalence of disordered eating among elite athledenpared to non-athletes. The
subjects were 263 elite male and female athletegeting in 10 different sports and
263 matched non-athlete controls. The athletes @erded into sports with strong
emphasis on leanness (thin-build sports) and spatftsless emphasis on leanness
(normal-build sports). This study included 21 féengymnasts with an average age of
15.5 (SD = 0.81) categorized as a thin-build spB#searchers concluded that 15% of
female athletes in thin-build sports had diagnasstthg disorders (anorexia nervosa
or bulimia nervosa) compared to 2% in normal-bsparts, and 1% in non-athletes.
Also, another 16% of female thin-build athletesvgbd non-specified disordered
eating compared to 6.5% in normal-build and 4.5%-athletes (Byrne et al. 2002).
This demonstrates the risk involved with being rdedie in a sport that emphasizes
thin body shape or weight. The demands of a gparteet a particular body
requirement may be enough to lead to disorderedgeaFor an elite athlete, this
behavior may reflect a rational response to pressuachieve a body shape which

will ensure optimal performance (Byrne et al. 2002)

The Clinical Journal of Sports Medicine publishestidy similar to the Byrne
et al. research, however this study examined tbegpence of disordered eating in the
entire elite athlete population of Norway. SundBotgen et al. collected self-

reported questionnaires from all of the elite a#dan Norway (N = 1620, female) (N



= 1696, male). The main outcome of this studyvahe to gymnastics demonstrated
that the prevalence of eating disorders among fehletes competing in esthetic
sports (42%) was higher than that observed in embar sports (24%), technical
sports (17%), and ball game sports (16%) (Sundgogieh et al. 2004). The authors
concluded that the prevalence of eating disord#irsigal or sub-clinical) is higher in
female athletes than male athletes, and more conmreanness-dependent and

weight-dependent sports than in others (Sundgog@oet al. 2004).

There are many health concerns associated witfethale athlete triad in
conjunction with disordered eating, ranging fronpamed sports performance to high
fracture risk. Of particular concern to gymnaststae consequences of menstrual
irregularities and poor bone mineral density, wistk factors that include (other than
disordered eating) high training volumes and lowljbmass (Nattiv et al. 2007). In
1996 The American Journal of Sports Medicine pligicsresearch examining risk
factors for stress fractures in track and fieldetds. This was a twelve month
prospective study with a cohort of 111 (53 fem&kmale) track and field athletes
between the ages of 17-26. Dual energy x-ray ghisonetry was used to measure
total bone mineral content, regional bone densityl soft tissue composition. They
also used questionnaires to obtain menstrual ctearstecs, dietary intake, and
training. Bennell et al. found that women who deped stress fractures had
significantly lower total bone mineral content aslivas lumbar spine and foot bone
mineral density. They also had significantly e mass in the lower limb, later age
of menarche, fewer menses in the year precedingttitly, and a lower menstrual

index than the non-stress fracture athletes (Béehal. 1996). An interesting aside



was that when compared to age matched non-athteeefemale athletes with bone
injuries has significantly higher lower limb bonéneral density and similar total
bone mineral content and lumbar spine bone mimEnasity. The authors concluded
that although bone density is lower in athletedsttess fractures, it nevertheless
remains significantly higher at the lower limb adhilar at the lumbar spine than that
of less active non athletes. This suggests tlealietiel of bone density required by
athletes for short term bone health is greater thanrequired by the general

population (Bennell et al. 1996).

Bone Mineral Density and Injury. A case-control study published in 1990
examined whether low bone density and other ristofa for osteoporosis are
associated with stress fractures in athletes. Sthidy was one of the first to suggest
that low bone density, associated with estrogemidgtpon and calcium deficiency (all
symptoms of the female athlete triad), may belafestor for stress fractures in
athletes. In this study Myburgh et al. recruiteernty five athletes with stress
fractures during the course of one year. They waatched with control subjects in
sex, age, weight, height, number of years partipan their sport, and time spent
practicing their sport. What the authors found v&gnificantly more injured than
control subjects had menstrual irregularity (7 Gndspectively P < 0.005) and bone
mineral density was lower in injured compared totod subjects in the lumbar spine
(1.01 +0.14 and 1.11 ©.13 g/crrespectively P = 0.02) and the proximal femur
(0.93 +0.11 and 1.0 ©.13 g/cmrespectively P = 0.02) but was significantly lower
for injured compared to control subjects in the deah neck (P = 0.005) and Ward

triangle (P = 0.01) (Myburgh et al. 1990). Thereswaa significant difference in

10



energy intake, or protein, fiber, alcohol, caffeimgamin D, or phosphorus. However,
there was significantly higher calcium intake bytrol subjects compared to injured
(P =0.02) (Myburgh et al. 1990). The study codeldiby suggesting that low bone
mineral density in the femoral neck (predominatastical bone) may be indicative of
low bone mineral density (and high risk for strigasture) in other areas of cortical
bone in the lower limbs based on previous findithgs young adults show a good
correlation between cortical bone mass at vari@atetal sites (Myburgh et al 1990).
Similar studies have built upon the findings fromylrgh et al. More recently,
researchers have focused on drawing a clear coocliusthe relationship between
stress fractures and bone mineral density.

A study published in the Archives of Physical Maadgand Rehabilitation in
2000 examined the relationship between bone minerasity and the probability of
stress fractures. This study, done by Lauder. etad a case-control study using 185
active duty women Army soldiers. 27 having stifegsture subjects and 158 no stress
fracture controls were interviewed and bone mindealsity of the posteroanterior
lumbar spine (L2-L4) and femoral neck was measbsedheans of dual energy X-ray
absorptiometry (DXA). The findings for low bonemaral density (BMD) in relation
to the probability for stress fracture was foundbéosignificant only after controlling
for a variety of confounding variables. The stadyhors continuously referred to the
strong inverse relationship found between femoeakrBMD and the probability of
stress fracture. This relationship indicates kbnaer levels of BMD are associated
with an increased likelihood of stress fracturésere were two other variables found

to be significantly associated with BMD and thelability of stress fractures;

11



exercise intensity and body mass index. Though batiables were found to have a
positive effect on BMD they were associated withrammeased probability of stress
fracture. Of particular concern was the findingttexercise duration of greater than
or equal to 10 hours per week resulted in greatenrmoence of stress fractures (Lauder
et al. 2000). The results demonstrated a gradeetase in BMD with increased
exercise while also increasing stress fracture wenae from 12% of participants
exercising 5 or less hours per week to 50% exegisD or more hours. These
findings demonstrate the importance of developiptgal training regimens and
controlled exercise to further prevent injury.

Some of the previously mentioned research, asagathany other studies have
demonstrated inconclusive results on the impa8\D on stress fractures, and even
more, the effects of the female athlete triad a$hale (disordered eating, menstrual
dysfunction, and osteoporosis) on young athlebes review on bone density and
young female athletes Nichols et al. reported #tlaletes typically have greater BMD
than their counterparts. However, the positive@fbf mechanical loading from sport
participation may be diminished by their hormonad autritional status (Nichols et
al. 2007). This idea necessitates examinationmobee controlled manner of
mechanical loading, regardless of change in horfmmm@utritional status, to see its
effect.

As recently as 2005 a review article publishedpor® Medicine stated that it
is not fully understood how mechanical stimulatiofiuences bone formation, shape,
organization, or mineral density and how it intésaeith diet and hormones. It has

been theorized that the network of osteocytes anidgieal and trabecular lining cells

12



are sensitive to streaming electrical potentialsegated when extracellular fluid is
forced through the bone canaliculi following cong®ien, bending, or torsion during
mechanical loading (Borer, 2005). What is knowthet currently BMD is the best
non invasive predictor of fracture risk and that#inmcreases in BMD may produce
exponential reductions in the relative risk of ftaes (Borer, 2005). Changes in
BMD occur through the process of internal remodglBone remodeling occurs in
response to accumulated defects or microdamagenie &s well as change in
nutritional intake and mechanical loading. Oncaélmngitudinal growth has ceased,
changes in bone with and BMD through remodelingobex the main form of change
in bone mass (Borer, 2005). Rapid increase in BMDiils occurs in two peaks,
between the ages of 13-14, and between ages 16ldwever, these peaks are related
to pubertal progression and menarche which in tugyspopulation (female
adolescent gymnasts) may be inconsistent, as jgyicecognized in this text.
Resistance trainingand BMD. In his 1998 review on resistance training and elite
athletes, Dr. William Kraemer stated that resis¢éainaining has the potential to
minimize or offset the incidence of injuries totelathletes. Furthermore, it may
improve the ability to repair and heal damagedigs¥Kraemer et al. 1998). Avery
Faigenbaum wrote about the relationship betweastagge training and injury
prevention, specifically focusing on youth athletesis article from 2000. He quoted
the American College of Sports Medicine saying stineated 50% of youth athlete
overuse injuries could be prevented if more emphasre placed on the development
of fundamental fitness skills, as opposed to spoetific training (Faigenbaum,

2000). In one section of the article, Faigenbatates that strength training offers a

13



protective effect by improving the strength anegrity of tissue and supporting
structures.

In 2001 Nichols et al. published a study on rasis¢ training and bone
mineral density in adolescent females. The autbongluded that resistance training
is a potential method for increasing bone densitgdolescents (Nichols et al. 2001).
In this experimental study 67 high school femalesvieen the ages of 14-17 were
randomly assigned to a training (N = 46) or con{fdkE 21) group for 15 months.
BMD and body composition were measured using DX4 stnength was recorded
using one repetition maximum protocols for leg prasd bench press (performed on
Universal weight machines). The training groupreised three days per week
following a full body resistance training routina 30-45 minutes while the control
group remained sedentarg2(hrs of exercise per week; also baseline requinéitoe
participate in study). Upon completion of the 16nth intervention there were
significant improvements in leg strength (40%) émoral neck BMD (1.035 to
1.073 g/cm?, P < 0.01) for the training group (Milshet al. 2001). There were no
significant changes found in BMD of the lumbar spor total body measures. This
study brought up an important point concerning geake mass. Most adolescents
are still increasing bone density and have notgathed peak bone mass (Rico et al.
1992). It was previously unknown whether resisgatnaining would provide
significant stimulus to increase BMD beyond therent rate (Nichols et al. 2001).

In their 2009 position stand (a review of the euatrliterature in the field) on
youth resistance training, the NSCA concluded ifhege-specific resistance training

guidelines are followed, and accompanied by propéntional intake, a resistance

14



training program can maximize bone mineral den@igigenbaum et al. 2009). The
authors cited 9 studies indicating participatiosports and specialized fitness
programs that include resistance training can petant osteogenic stimulus in youth.
They concluded the section on resistance trainmigbene health by stating that it
appears the osteogenic response to exercise ih gantbe enhanced by sensibly
prescribing multi-joint, moderate to high intengigsistance training exercises and
unaccustomed plyometric exercises (Faigenbaum 2088). They cited one study in
particular examining high-impact exercise in prdasicent girls.

That study, published in 1997 by the Journal oh®@and Mineral Research,
explored the lean mass, strength, and bone mirespbnse to a 10-month, high-
impact, strength-building exercise program in 7dnpenarcheal girls, aged 9-10
years. They examined, lean body mass, BMD (totdiblmmbar spine, proximal
femur, and femoral neck) using a bone densitomater muscular strength (grip and
shoulder and knee isokinetic flexion and extensidfgllowing the ten week
resistance training intervention there were noedéhces in height, total body mass,
pubertal development, calcium intake, or extermgispcal activity. However, the
resistance training group gained significantly miesn mass, less body fat content,
greater shoulder, knee and grip strength, andegr&aD in total body (3.5%),
lumbar spine (4.8%), proximal femur (4.5%), and deah neck (12.0%) compared to
the controls (Morris et al. 1997). Bone minerahtemt (BMC) at all sites also
increased at a significantly greater rate in thereise group compared with the
controls. Through multiple regression analysis,atthors determined change in lean

mass was the primary determinant of BMD accruahdugh a large proportion of

15



bone mineral accrual was related to growth, anoggteic effect was associated with
exercise. They concluded that these results sugjggshigh-impact, strength building
exercise is beneficial for premenarcheal strerign mass gains, and bone mineral
acquisition (Morris et al. 1997).

When discussing the rationale for resistanceitrgiand its effect on BMD
and injury prevention it is important to referernbe previously mentioned
relationship between energy balance, hormonaliiahce (menstrual dysfunction),
and bone metabolism also known as the female attriad. It has been established
that the population at hand, female adolescent etitiye athletes, have a heightened
risk for one or all of the mechanisms of the tiBénnell 1996, Byrne 2002, Nattiv
2007). If this were unchanged is there anything tia@y compensate for the risk of
osteoporosis and injury? In their study, publislired002, Helge and Kanstrup
proposed that in a state of diminished estrogecaumnation a higher mechanical
strain may be needed to maintain BMD (Helge €2@02). The purpose of their study
was to investigate BMD and the relationships to imak muscle strength, sex
hormone concentrations, and menstrual statusuldjéds ages 15-20 comprised of
11 elite gymnasts (6 artistic, 5 rhythmic) from anish national team, training >15
hours per week, and 6 age matched controls, redrfidm upper secondary school,
engaged in low impact physical activity <4 hours week, participated in this study.
The subjects completed a questionnaire on exeacipaties, health, sport injuries,
menstrual status, weight, and diet. BMD was meakimewhole body, lumbar spine,
proximal femur, and distal radius using DXA. Mensi blood samples were drawn

from the follicular phases between days 0-7 anduteal phases during the mid luteal
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phase (defined as period between two thirds of tnesiscycle to four fifths of
menstrual cycle). Maximal isokinetic muscle stitbngas measured in trunk flexion,
trunk extension, and left and right knee extensidre results showed that artistic
gymnasts had significantly lower body fat than bibt rhythmic gymnasts (36%
lower, P<0.01) and the controls (53% lower, P<0)p@hile body weight was the
same across the three groups. Artistic gymnastsesth 1.9 times lower follicular
concentration of serum progesterone than contR6.05). BMD of artistic gymnasts
was significantly greater (P<0.05) than controlalbsites except whole body and
higher than rhythmic gymnasts in right (P<0.01) kfti(P<0.001) distal radius. No
correlations were found between BMD and menstrisabty for artistic gymnasts,
however, there was correlation between serum ptegee in follicular phase and
whole body BMD (r = 0.93), proximal femur BMD (rG:92), and lumbar spine BMD
(r =0.89) (Helge et al. 2002). The authors disedgbe idea that based on these
results BMD is unrelated to menstrual status bxth®@mone concentrations
(progesterone and estrogen) may influence BMD mmgsts with menstrual
disturbances. They concluded that in spite of tmeakdisturbances it is possible for
female gymnasts (specifically artistic) to maintaiBMD that is correlated to
maximal muscle strength and falls within normalgaior higher (Helge et al. 2002).
Previous gymnasticsinter ventions. There have not been many intervention studies
done using female gymnasts, specifically, youngdiengymnasts. Three studies have
been previously published using intervention. Tawused on occurrence of lower
back pain and one examined electromyostimulatidnS)and its effects on strength

and power in gymnasts. In 2011 a study written klel et al. was published in the
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Journal of Strength and Conditioning Research.s $tudy examined the effects of a
6-week combined EMS and gymnastics training prognparmuscle strength and
vertical jump performance in prepubertal gymnagtse participants were 16
prepubertal national or regional gymnasts with rsbony of knee injury. They were
randomized into the EMS group (N = 8) or contraup (N = 8). The EMS group
underwent 6 weeks of EMS performed bilaterally lom knee extensor muscles. The
protocol was 20 minutes three times per week feffitist three weeks, then once a
week for 20 minutes weeks 4-6. Testing was perfdroremaximal voluntary torque
(MVT) of the knee extensors (week 0, 3, 6) andigakjump tests (week 0, 3, 6, 10).
Deley et al. discovered that after only three wed#kKsSMS training the MVT had
improved significantly from baseline in the traigigroup (P < 0.05) (Deley et al.
2011). However, following the three week pointfadher increase was
demonstrated. There was no significant MVT changge control group. The
subjects also demonstrated significant improvenretite vertical jump tests at 3
weeks (P < 0.05) and 6 weeks (P < 0.05). Thedackange in the control group
following this study demonstrates that significanprovement is a result of the
training intervention and not regular growth in giapulation (Deley et al. 2011).
The other two intervention studies with a gymressfpiopulation examine the
effects of different exercise interventions on ¢leeurrence of lower back pain. In
2007, a prospective controlled intervention studgleated a specific segmental
muscle training program of the lumbar spine in otdgrevent and reduce low back
pain in young female gymnasts. The participantewl? (N = 51 with 9 dropouts)

female adolescent gymnasts (ages 11-16). Theverteon group (N = 30) performed
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the training program, which involved progressinfiiclilty of abdominal hollowing 3-
4 times per week for 8 weeks. The control group=(B2) continued their normal
gymnastics training for the duration of the studyl participants were asked
everyday if they had experienced any lower bach,@d if they had to mark the spot
on a pain map. The gymnasts participating in mibervention group reported
significantly less days with low back pain compatedaseline (P = 0.02) (Harringe
et al. 2007).

The second study examining occurrence of low gtk was published by
Durall et al. in 2009. In this study the authaxamined the effects of preseason trunk
muscle training on low-back pain occurrence in woroellegiate gymnasts. The
participants were 15 NCAA Division Il female gynsta (training group) and 15
female non-athlete college students (control). fFaming group performed 15
minutes of trunk muscle training twice per weekI0rweeks during their preseason
gymnastics training. All participants were pre godt tested in four trunk static hold
tests. Following the 10 week intervention thertirag group showed significant
improvements in all 4 static hold tests (P < 0.0G0bile the control demonstrated
improvement in trunk flexor endurance, but no digant improvement (Durall et al.
2009).
It is worth noting that this study included a seeghy big limitation. The authors used
the entire gymnastics team for their study bec#usg did not want to leave any of
the athletes out of the training intervention. sThneant that their control group was
not participating in the same normal gymnasticing as the training group. Due to

this, the results of this study may be misleading.
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Addition to theliterature. All three of the previously mentioned interventstmdies
were successful using a young female gymnast ptpualeo examine the effects of a
training routine on pain/injury and strength/pow#Yhile their aim differs from a
resistance training intervention examining the @fen BMD, tendon thickness,
strength and power, they are useful to demonstsgterimental design, statistical
analysis, and opportunities for future researcthiwithe population. The research
used in this review of the literature has demonstighe potential health risks
associated with young female gymnastics particypaiticluding low energy
availability, menstrual dysfunction, low bone miakdensity, and high risk of injury.
It has also demonstrated the potential benefitswéll planned and implemented
resistance training routine to improve bone mindealsity, help prevent the
occurrence of injury, and improve performance. réhe a definite need to explore
different avenues of reducing the health riskdat population. The aim of this study
is to examine the effects of resistance trainindgpome mineral density, tendon

thickness, and performance in young female gymnasts
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CHAPTER 3

METHODOLOGY

Study Design: Adolescent female gymnasts were recruited frootallJunior
Olympic club team to participate in a 10 week magise training intervention
examining its effects on bone mineral density (BMIDY markers of performance.
Participants attended a single informational meetvhere parents signed informed
consent (Appendix I). Participants signed the vage assent form (Appendix II).
Participants: Sixteen young female gymnasts competing at USA @&agtics Junior
Olympic levels 7-10 recruited from local club teamm High Academy, 3355 South
County Trail, East Greenwich, RI 02818. Participgtin resistance training (RT) (N =
10 age; 13.5£1.00 years, height; 155.19+8.38 cnigwe51.58+9.63 kg, body fat %;
23.57+2.68%, lean body mass; 39.31+7.64 kg) or @stics training only (GT) (N =
6 age; 15.25+2.25 years, height; 149.23+11.91 cemght;, 46.52+10.22 kg, body fat
%; 25.83%£2.93%, lean body mass; 34.69+7.46 kg) I€Tap To be included all
participants had to be at least 12 years old byl#te of pre testing, practice more
than 15 hours per week, compete within the USA Gystios Junior Olympic levels
7-10, and maintain full gymnastics participationtfwut injury) throughout the
duration of the study. Participants were excludié¢idey did not meet all of the
previous criteria. Gymnastics competition levels @ssigned based on individual

skill completion following rules of the governingdy of USA Gymnastics. Levels
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are achieved regardless of age, multiple age growgysparticipate at the same
competitive level.

Procedures: After IRB-approved parental and subject consentgwasn, participants
were randomized into one of two groups; resistarairing (RT) or control group,
gymnastics training only (GT). Both groups papated in pre and post testing
(Appendix 111) for bone mineral density (BMD), bodpmposition, strength testing,
power testing, and ultrasonography of both Achidled Patellar tendon thickness.
Participants in the RT group participated in aeralating two day a week, 10 week
non-linear periodized resistance training programiewcontinuing their usual
gymnastics training routine. Participants in tAE gdoup continued their usual
gymnastics training routine within the normal hoafpractice. Groups were matched
on competitive level and age. Usual gymnastidsitrg includes practice 4-6 days
per week totaling 16-25 hours total.

Anthropometric Measures: Age and level were recorded. Height and weight were
measured using a physician scale (Detecto WeigmHEege Level, Webb City, MO)
during pre- and post- testing.

Bone Mineral Density and Body Composition: Body composition, BMD, and bone
mineral content (BMC) were assessed using dualggneray absorptiometry (DXA)
during pre- and post-testing. Whole body scansguaifan-beam densitometer with
accompanying software (Lunar iDXA, GE Medical Sysse Wauwatosa, WI)
recorded total body estimates of percent fat, dveaé mineral density, bone mineral
content, fat percentage and mass, and non-bon¢i¢sae were determined using

manufacturer described procedures and supplieditlys.

22



Power Testing: Briefly, subjects performed a warm-up on a cyclpoeneter followed
by light dynamic stretching (Appendix IV). Vertigamp power was assessed using a
force plate and associate software (Accupower, Aded Mechanical Technologies
Inc., Watertown, MA). After familiarization, sulgts were asked to stand in the
center of the force plate and place their handdein hips and jump as high as they
could for 3 subsequent continuous repetitions, sabject completed 3 sets of 3
jumps. The highest power and height for each sstnecorded during pre- and post-
testing.

Strength Testing: Following power testingone repetition maximum (1-RM) strength
was assessed in the bench press and squat exaxigeiously demonstrated by
Comstock et al. 2011. Beginning with the squat@se subjects then performed 8-10
repetitions at ~50% of estimated 1-RM, followed bhpther set of 3-5 repetitions at
~85% of 1-RM. Three to four maximal trials sepadldig 2-3 minutes of rest were
used to determine individual 1-RM for each resista@xercise. 1-RM testing was
performed at pre- and post-testing.

Dietary I ntake: Subjects completed a 1-day dietary recall pricarid after the
intervention period. Nutritional data was enteirdd Food Processo(ESHA
Research, Salem, OR) and analyzed for multiplealabes by Joanna Procopio, MS,
RDN, LDN (Table 4).

Resistance Training I ntervention: Subjects in the RT group continued normal
gymnastics training as well as participating ins&sice training on 2 non-consecutive
days each week for ten weeks (Appendix V). Thestasce training program

followed a non-linear periodization model in whicdad and repetition were varied on
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a weekly basis. All training sessions began withgame dynamic warm up from pre-
and post-testing. During the initial training (Wee2-6), “light” days consisted of 12
RM loads, “moderate” days consisted of 8-10 RM &ahd “heavy” days consisted
of 6-7 RM loads. During weeks 7-11, “light” daysnsisted of 12 RM loads,
“moderate” days consisted of 6-8 RM loads, and Vigédays consisted of 3-5 RM
loads (Appendix VI). The exercises were dividet two 5 week phases (Phase 1
weeks 2-6, Phase 2 weeks 7-11). Each workout dayséal on a full body routine
comprised of high impact movements using large artsoof muscle mass in the
upper and lower body (Appendix VII).

Gymnastics Training: All participants in the GT group continued thezgular
gymnastics training.

Statistical Analysis: A linear model with a two-way mixed factorial ansiky of
variance (ANOVA) (i.e., groups X time) was run wdtBonferroni post-hoc test when
main effects occurred. An ANCOVA was run to cotriec age and height for bone
measures. Linear assumptions were tested andmeafi Significance was set at

p<0.05.
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CHAPTER 4

FINDINGS

Table 1. Anthropometric measures by group (mean+SD)

RT GT
Pre Post Pre Post
N 10 10 6 6
Age (years) 13.5+1 13.5+1 15.25+2.25 16.00+2.0C
Height (cm) 155.19+8.38 156.72+7.65 149.23+11.91 152.19+11.87

Weight (kg) 51.58+9.63 52.77+9.43 46.52+10.22 47.0519.6¢

BF (%) 23.57+2.68 24.304£2.53 25.831£2.93 23.7543.2¢

LBM (kg) 39.31+7.64 39.60+7.44 34.69+7.46 36.06+7.9¢
Comp. level 7-10 7-10 7-9 7-9

RT = Resistance training group (experimental), GE&ymnastics training group (control), N = number
of participants, (cm) = measure in centimeters) ¢kgneasure in kilograms, BF (%) = body fat content
measured as a percentage of total body mass, LB¥Mnr=body mass, Comp. level = USA Gymnastics
junior Olympic athlete designation for level of cpatition

Bone measures: The RT group demonstrated significantly greatet (p05)
BMD (g/cm?) following the intervention comparedprce values and post-GT values
(Figure 1) when height and age were correctedTioe. RT group demonstrated
significantly greater (g 0.05) BMC (g) following the intervention comparedpre
values. There was no significance in BMC (g) fadilog intervention compared to

post-GT values (Figure 2).
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Figure 1. Pre/Post Bone Mineral Density
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Figure 2. Pre/Post Bone Mineral Content
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Power: The RT group demonstrated significantly greatet Qo05) power (W)
(Figure 3) and vertical jump height (cm) (Figurefdl)owing the intervention
compared to pre values and post-GT values.

Figure 3. Pre/Post Power
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(W) = measurement in watts,denotes significant difference from pre value inresponding group (p
< 0.05),*denotes significant difference from GT group argesponding time point ((g 0.05).

Figure 4. Pre/Post Vertical Jump Height

Pre/Post Vertical Jump Height

335 -« *
325
315 -+

30.5 -
Jump Height

295 o O Control
(em)

28.5 M Resistance training

27.5 =

26.5 =

25.5

Pre Post

(cm) = measurement in centimetergjenotes significant difference from pre value inresponding
group (p< 0.05),*denotes significant difference from GT group areesponding time point ((®
0.05).

27



Strength: The RT group demonstrated significantly greatet (p05) strength
in the 1RM squat (kg) and bench press (kg) (Taplelbbwing the intervention
compared to pre values and post-GT values.

Table 2. 1RM strength and squat and bench press (mean+SD)

RT GT
Pre Post Pre

Squat (kg) 56.59+9.43  68.94+16.74"*  67.42+18.16

Bench

37.95+6.43 44.70+7.45"* 35.99+10.20 35.48+10.22
Press (kg)

RT = Resistance training group (experimental), GEymnastics training group (control), (kg) =
measure in kilograms, denotes significant difference from pre value irresponding group (g
0.05),*denotes significant difference from GT group atresponding time point (g 0.05).

Body composition: Other than significant difference 0.05) in BMD
(g/cm?) and BMC (g), there was no significance fbimmeasures of body

composition for BM (kg), BF (%), or LBM (kg) (Tabl®).

Table 3. Body composition data (mean+SD)

RT GT
Pre Post Pre
51.58+9.63 52.77+9.43 46.52+10.22
23.57+2.68 24.30+2.53 25.83+£2.93
39.31+7.64 39.60+7.44 34.69+7.46

1.06+0.08 1.10+0.09 1.04+0.13

BMC (g) 2148.15+413.27 2204.32+400.63 1951.20+447.98 1934.36.02

RT = Resistance training group (experimental), GE&ymnastics training group (control), BM = body
mass, (kg) = measurement in kilograms, BF (%) =ytfaticontent measured as a percentage of total

body mass, LBM = lean body mass, BMD (g#rs= measurement of bone mineral density in
gram per square centimeter, BMC (g) = measurenfdmee mineral content in
grams.

Dietary intake: The GT group demonstrated significantly less (005) Fat

intake when compared to the RT group at correspgiiine points. The GT group
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also demonstrated significantly greatex(P.05) Vitamin D intake compared to the
RT group at corresponding time points. No othenificant difference in dietary

intake was found (Table 4).

Table 4. Nutrition data pre- and post- (mean +SD)

RT GT
Pre Post Pre Post
Calories(kcal) 1901.35%596.51 1676.66+446.56 1770.89+723.98 1422%52.40
Protein (g) 82.07+29.39 79.56+33.33 88.98+27.48 87.27+24.8 4

Carbohydrate  247.95:96.55  204.53+50.06  246.30+111.88  188.008510
(9)

Fat () 66.62+19.48 63.79+21.97 51.42+27.64 39.64+17.CH*
Vitamin D 94.43+109.15 50.20+60.22 168.53+167.93 143.35+1H32 1
(V)

Calcium (mg) 998.27+374.88 1156.04+740.88 1197.68+832.43 78249563

RT = Resistance training group (experimental), G&ymnastics training group
(control), kcal = measurement in kilocalories, ¥gheasurement in grams, U =
measurement in international units, mg = measurémenilligrams, *denotes
significant difference from RT group at correspangdiime point (< 0.05).
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CHAPTER 5

DISCUSSION

This study examined the effects of a high impasistance training protocol
on markers of performance and bone mineral dems#golescent female gymnasts.
Major findings included significant improvements<0.05) in total body bone
mineral density, vertical jump power, and verticathp height following a 10-week
resistance training intervention.

Results from this study demonstrated significantease in total body BMD
(3.78%) for the resistance training group compaoetie gymnastics training group.
Previous studies have demonstrated mixed resulkeinfindings. Morris et al. found
significant increase in total body BMD (3.5%) ireprenarcheal girls following a ten
month, high impact, exercise intervention (Mortiske 1997). However, in a different
study, Nichols et al. found no significance in tdtady BMD in adolescent females
following a fifteen month resistance training irtention, even though there was
increase of 2.81% in total body BMD (Nichols et2001). Both studies found
significant increases in BMD for the resistancénirgy groups, following their
interventions, when measuring BMD at specific amatal sites. For our study total
body BMD was measured because of time constramttaallow for minimal
radiation exposure. This allowed data to be ctél@evith one full body scan, rather
than one full body scan plus multiple site speafians.

Reviews examining the effects of resistance tngimr high impact exercise
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on BMD have recommended interventions of longen thraequal to six months
duration (Borer et al. 2005, lIwamoto et al. 2008he previously mentioned studies
by Morris et al. and Nichols et al. used intervens lasting much longer than the ten
week time frame used in this study. Nichols eR8D1 used progressive resistance
training three times per week for fifteen month&c(idls et al. 2001). Morris et al.
used high impact exercise for thirty minutes threees per week for ten months
(Morris et al. 1997). Bassey et al. 1994 used imgbact exercise once per week for 6
months (Bassey et al. 1994). Competitive gymnagtitisme consuming. Participants
spend between 20-30 hours per week practicing amgbeting, on top of school and
homework. This study demonstrates that there caigogficant increase in BMD in
only ten weeks with one hour of high impact resis&training twice a week in this
population. Dr. Clifford Rosen provides a possié@lanation for this in his chapter
from The Endocrine System in Sports and Exensilsere he explains that during
adolescence, when bone growth is in full forcehhigpact loading results in greater
changes in BMD than any other period of bone grdiRibsen, 2005). These athletes
were participating in this study during a periodapbid bone turnover. This further
emphasizes the importance of resistance traininthie population.

Numerous studies have demonstrated the strongatwrebetween low BMD
and injury (Myburgh et al. 1990, Lauder et al. 20B0rer, 2005). Improving BMD is
important because female adolescent gymnasts arghatisk for the detrimental
effects of the female athlete triad and overusteammatic injury (Colvin et al. 2010,
Ducher et al. 2009, Myer et al. 2011, Singh e2@08, Soric et al. 2008, Warren et al.

1999). These studies further emphasize the potdmreefit that would come from
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participating in planned resistance training ta@ase bone mineral density and
reduce their risk of injury (Abernathy et al. 20G-Aigenbaum et al. 2009, Kraemer,
2009, Nichols et al. 2007).

Besides reduced injury risk, there are also paépgrformance implications
for gymnasts gained through supplemental resistaageng. Many studies show
that resistance training enhances athletic perfocm@Faigenbaum et al. 2009, Guy et
al. 2001, Harries et al. 2012, Myer et al. 201Rjeviously there has only been one
intervention study examining performance measurdsmale gymnasts. Deley et al.
saw significant increase in vertical jump performauheight) and muscular strength
following a 6-week combined electromyostimulatiordaymnastics training
intervention using 16 female adolescent gymnasggefpet al. 2011). Our study
demonstrated significant increase<(f.05) in vertical jump performance for power
and height, as well as improvements in maximal mlasstrength. Gymnastics skill
progression requires large amounts of strengthpameer. Scores are given based on
inclusion of specific skills as well as overall diymle and cleanliness of the routine.
The demonstrated increase in strength, power,wang height from this study will
supply a direct advantage to participants while petimg.

When training for performance improvement and b@meodeling it is
important to organize resistance training routimes specific manner. The method of
periodization (non-linear) used in this study hasrbshown to result in greater
performance gains over traditional linear perioi@amodels (Faigenbaum et al.
2009, Prestes et al. 2009, Smith et al. 2013).erdodized model was used to optimize

adaptations, and to prevent boredom and overtiginitxercises involving muscles of
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the whole body were incorporated to develop ovenailscle strength and power
(Faigenbaum et al. 2009, Lester et al. 2009, Satidil. 2013). The exercises and load
ranges performed during the study have also beetifgjally chosen in order to

impact lower body bone remodeling (Lester et aQY0 Based on our prior work, it
was our belief that the load ranges and exercelested would be effective for
augmenting physical performance (i.e. strengthpowler) and that within this
paradigm a great deal of bone remodeling would iogRasen, 2005).

Including dietary intake data with this study wased to demonstrate that the
results were due to the intervention and not bexatisignificant differences in
nutritional consumption between groups. ThouglaMin D intake was significantly
higher in the GT group on their post testing dietacall, there were still significant
BMD improvements in the RT group. Although it iefdocumented that bone
remodeling is effected by Vitamin D and Calciunak#, the resistance training
protocol was of sufficient intensity to overcomesgk important nutritional differences
(Bonjour, 2005).

Importantly, this study was feasible. The part@cippopulation has very
limited time outside of gymnastics practice andogdh It is also a population that
traditionally does not participate in specific stance training outside of gymnastics
practice. Qualitatively, conversations with bo#rtgripants and coaches revealed that
the athletes participating in the RT group enjotfegitraining sessions and would like
to continue to follow a resistance training prograparticipants said that they could
see and feel a difference in the body and gymmapgcformance during and

following the intervention. Coaches said there watsceable power increases in the
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athletes skills, particularly their vaulting anartibling. These are important things to
consider when assessing the results of this study.
Limitations: The results of this study analyzed measuremerttsafbody BMD
through use of DXA. Previous studies have docustetite possibility of error in
total body measurements. Many have used spedéitomical site measurements
such as lumbar spine and femoral neck to colleet (Borer et al. 2005, Burt et al.
2012, Ducher et al. 2009, Nichols et al. 2007, da#t al. 1997). However, due to
time and financial constraints we chose to exartoted body BMD and still
demonstrated significant results.

During the statistical analysis process heightape were corrected for in
BMD measures because of the differences in gromthage between the RT group
and GT group. A review published by Katrina Bare2005 provides a possible
explanation. She found that adolescents expengrgriowth spurt, growth of bone in
width must be considered when areal BMD assessmetiitods are used to avoid
identification of bone size differences. The rewvigoncluded that areal measurements
of BMD may be misleading if changes in bone sizerait taken into account.
Volumetric BMD estimates from DXA measurementsitsgduring pubertal growth
indicate that the accretion of bone mineral prosgadnarily through increases in
bone size rather than by increases in BMD (Bor&520 Controlling for pubertal
bone growth during the analysis allowed the redoldemonstrate significant
improvements in BMD for RT compared to GT. Higpebertal growth rates in the
GT group may have been disguised as accretion dd BiRd we not controlled for

that.

34



Conclusion: This study was the first to examine the effecta aésistance training
intervention on both BMD and performance in fenadelescent gymnasts. Statistical
analysis demonstrated significant increase in BMDvall as vertical jump height and
power in only ten weeks. The time commitment ardrivention protocol used was
well tolerated by the athletes, which is an impatrfactor with this population.
Further, we found no significant changes in wemhbody composition, with the
improved BMD and performance, which is a major ad&stion in this aesthetically
driven sport where participants fear weight gdturther research should examine
BMD changes at specific anatomical sites, spedificeumbar spine, pelvis, femoral
neck, and distal femur. A study combining resiséatraining and nutritional
supplementation would also be beneficial to thigydation.

Practical applications: Full body, high impact resistance training perfodno@ non-
consecutive days, following non-linear periodizatfor 1.5 to 2 hours per week for
ten weeks is sufficient to obtain bone mineral dgremd performance improvements

in competitive female adolescent gymnasts.
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APPENDICES

Appendix |
PARENTAL PERMISSION FORM FOR RESEARCH

The University of Rhode Island
Department of Kinesiology
Kingston, R1 02881

Impact of Strength Training on Bone Mineral Density, Tendon thickness, and
Performance in Competitive Female Gymnasts

Your daughter has been invited to take part insaaech project described below.
Our names are Disa Hatfield, Andy Procopio, andiddicoll and we are asking for
permission to include your daughter in this studgause we hope to make important
discoveries about the connection between resistaaiceng and competitive
gymnastics through this research, and we cannatwdthout your help.

Description of the project:

The purpose of this study is to discover how wagkanit with weights might change
your daughter’s bone strength, ankle and knee tettdokness, and how it might
make her stronger and improve competition scoresrdwill be many safeguards
throughout this study to reduce and prevent ristiscomfort for your daughter. If at
any point in this study your daughter feels uncamatae or does not want to
participate anymore please do not hesitate t@ialof us.

What will be done:

If you allow your daughter to participate, theyMaé part of the study for 16 weeks.
They might be participating in a strength trainiogtine and gymnastics, a plyometric
training routine and gymnastics, or just continuingir usual gymnastics routine. She
will be tested on the density of her bones, mustkngth and how she can jump, as
well as the thickness of her Achilles tendon (bdhier ankle) and patellar tendon (on
top of her knee cap) at the beginning and endefléweeks.

This is what we will be done on one visit beforel @me visit after the 16 week
training:

e We will ask your daughter to fill out a medical lbdistory form to find out
if she has any injuries that would prevent her fymarticipating in this study.
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We will measure her height and weight with a noretale and measurement
tape.

Her bone mineral density will be measured usingd doargy x-ray
absorptiometry or DEXA. DEXA uses two low energyays which scan the
body and determine body composition, including bameeral density. Even
though the DEXA uses two x-rays the energy of tiays is very low, and
radiation exposure is significantly lower than pital x-ray. The amount of
radiation she will be exposed to on each visibisiparable to visiting New
York City for a day, and is slightly less than amal chest x-ray. Even
though the DEXA emits only small amounts of radiatias a precaution often
used with x-ray testing, women who are pregnant nwyparticipate to
prevent harm to the fetus. For that reason, weeapaired to ask your
daughter to give us a urine sample to do a pregniast, even if she does not
think there is a reason to do one.

For the DEXA scan, she will be asked to changearget of medical scrubs,
and lay flat on the DEXA panel. The scan takeseptat an open table; she
will never be enclosed at any point. A strap Wwélplaced around her ankles
to aid in maintaining proper body position durihg scan. She will lie as still
as possible while an arm which emits the x-rays@asver her body and
scans it. A typical DEXA scan lasts approximatBlyminutes.

We are going to use an ultrasound to measure hic hler ankle and knee
tendons are. For the ankle test, we will ask hataad up as she normally
would and we will put a small plastic device caleedrobe on the back of her
heel and calf muscle. There will be a gel on tlabpe which might be a little
cold, but it wipes right off. For the knee tegg will do the same thing, only
the probe will be placed right above her knee-daach of these tests will only
take a minute and she won't feel anything.

After she completes these tests, we will want tasuee how strong she is and
how high she can jump. To measure her strengttwilask her to do a squat
exercise and a bench press exercise. Before & ethese exercises, she can
warm-up on a stationary bike and do some dynametcstes (which we will
show her). After that, we will ask her to squaigressively higher amounts of
weight. We will show her how to do the exercisd aill only increase the
weight if she is doing the exercise safely andeaxity. She will have 2-3
minutes of rest between each squat. We will &kddo the same thing with
a bench press. For both of these tests, she kdo atp at anytime she feels
uncomfortable or if she feels like she can't Iifityanore weight. One of us will
always be spotting while she lifts, for safety.

To measure jump height and power, we will ask bgrarform 3 jumps in a
row as high and as fast as she can on a platfatwii record her power and
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jump height. We will ask her to do that 3 timessting in between each 3-
jump set, so we can use her best scores.

These two visits will take about an hour and 15utérs each time.

After the first testing day, we will divide the piaipants up into three groups, a
resistance training group, a plyometric trainingugy, and a control group. If she does
not already participate in the plyometric trainatgher gym, she will be placed in the
control group and will simply go about her normghmastics training. Some of the
girls will be asked work out with weights for 16 ekes. If they are asked to be in that
group, they will replace their normal plyometriaitring time with weight training.

We will ask your daughter to either come to the gtr.R.I. (the same place they did
their testing) to train or to go to Next Level Fags Center in Johnston, RI twice a
week to work out for one hour. Your daughter caaase to train at whichever gym

is more convenient to her. One of us will alwagslioere to help with her training and
make sure she is lifting weights properly. For gwstics training, she will continue

to follow her normal routine. If she is not askedlo resistance training, she will
continue with her normal gymnastics and plyomdtaming at her regular gym.

At the end of the 16 weeks, we will ask your daeghd come back to the lab at U.R.I
and repeat the same tests she did at the begiofhthg study.

In order to be part of this study, she has to feale competitive gymnast with at
least a level 7 rank. She also has to be betweeades of 12 and 20, and not have
any current injuries.

Risks or discomfort:

Exercise and physical effort can cause soreneisgupy from overexertion and/or
accident. With strength and jump height testimgne risks exist for muscle strain or
pulls of the exercised musculature, muscle spasthiraextremely rare instances,
muscle tears. Some muscle soreness may be expti2n to 48 hours after exercise
from muscular strength and power testing. Thagrsess should disappear completely
within a few days and have no long-lasting effects.

There are some risks to having bone density tésteduse a DEXA uses a similar
kind of radiation that an x-ray does. Total raidiatexposure for the whole study (one
DEXA before and after the study) is almost the sasiene and a half chest x-rays or
four cross-country flights.

There are no known risks for the ultrasound test.
Benefits of this study:

Benefits of this study include potentially decregsyour daughters risk for injury. She
will learn how strong she is and how healthy hardsoand tendons are. In addition
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she will also be adding knowledge to her sportwaitidgive her and her coaches better
opportunity to understand and make better traipmogirams for her to follow during
her gymnastics season.

Confidentiality:

Your part in this study is confidential. No oneeeslgill know if you were in this study
and no one else can find out what answers you gaélewill keep all the records for
this study and we will be the only people to haweess to these records. The
documents will be stored in a locked file cabimesuite 220 in Independence Square
on the URI campus. The records will be kept foe@rg and then destroyed.

In case there is any risk of injury to the subject:

Chance of injury while participating in this studgyery small, however, due to the
strength testing as well as the resistance traiantgplyometric training groups there
is always a small chance of getting hurt. It isthe policy of the University of Rhode
Island to compensate subjects in the event thesearch procedure results in physical
or psychological injury. The University of Rhodaand will, however, make its best
effort to refer your daughter to appropriate sexsjaupon request, if injury does
occur. You may discuss this with Andy, JustinDesa Hatfield. However, if your
daughter experiences any problems related to tilnily you should contact her
personal physician. In that case they must immelyiaeport what hurts to whoever is
working with them at that time. We will then follathe necessary steps to get her
taken care of, beginning with contacting any emecganedical service necessary. In
the case of an injury that is discovered whileahb, school, or practice please
contact us to let us know. Our phone number i2)804-5183. You may also call
the office of the Vice President for Research, @&vér College Road, University of
Rhode Island, Kingston, Rhode Island, telephon@l874-4328.

Decision to quit at any time:

Your daughter might want to talk to you before dewy whether or not to be in this
study. The decision to be part of this researalpito you and her. She does not have
to participate. We require parents to give henpgsion to take part in this study. If
she does decide to participate, she can alwaysalropf the study at any time.
Whatever she decides will not be held againstianiy way. No one will be upset if
she does not want to participate or even if shegésher mind later and wants to
stop. If she wants to quit the study, just let ohas know. Our number is (401) 874-
5183.
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Your rights as a participant:

If you are not satisfied with the way this studyperformed, you may discuss your
complaints with Disa Hatfield, Andy Procopio, orsfin Nicoll at (401) 874-5183,
anonymously, if you choose. In addition, if you Bayuestions about your rights as a
research participant, you may contact the officthefVice President for Research, 70
Lower College Road, Suite 2, University of Rhodarid, Kingston, Rhode Island,
telephone: (401) 874-4328.

Remember, you can ask any questions you may haug #bs study. If you have a
guestion later that you didn’t think of now, yownazall one of us at (401) 874-5183 or
ask me next time. Would you like to read or hdaou this study a second time
before you decide?

Signing your name at the bottom of this form methas you have read or listened to
what it says and you understand it. Signing tbhisfalso means that you agree to
allow your daughter to participate in this studg aour questions have been
answered. You will be given a copy of this forrteafyou have signed it.

Signature of Parent Signature of Redeer
Typed/printed Name Typed/printed name
Date Date

Please sign both consent forms, keeping one for yourself
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Appendix Il
ASSENT FORM FOR RESEARCH

The University of Rhode Island
Department of Kinesiology
Kingston, R1 02881

Impact of Strength Training on Bone Mineral Density, Tendon thickness, and
Performance in Competitive Female Gymnasts

Our names are Disa Hatfield, Andy Procopio, andidiicoll. We are inviting you

to take part in a research study because we angtity learn more about how strength
training and gymnastics strengthens your bonegemmdbns and makes you a better
gymnast. We will explain the project to you inalet You should feel free to ask
guestions. If you have more questions about thidydater, please call Disa Hatfield,
Ph.D., Andrew Procopio, or Justin Nicoll, the persoesponsible for this study, at
(401)-874-5183.

Description of the Project:

The purpose of this study is to discover how wagkinit with weights might change
your bone strength, ankle and knee tendon thickmess it might make you stronger
and improve your competition scores. There wilhteny safeguards throughout this
study to reduce and prevent risk or discomfortyfmu. If at any point in this study you
feel uncomfortable or don’t want to participate aroye please do not hesitate to tell
one of us.

What will be done:

If you agree to be in this study, you will be askegarticipate for 16 weeks. You
might be participating in a strength training roetand gymnastics, a plyometric
training routine and gymnastics, or just contiguyour usual gymnastics routine.
You will be tested on the density of your bonessabel strength, jumping ability, and
the thickness of your Achilles tendon (behind yankle) and patellar tendon (on top
of your knee cap) at the beginning and end of thevéeks.

This is what we will ask you to do on one visitdef and one visit after the 16 week
training:

e We will ask you fill out a medical health historyrin to find out if you have
any injuries that would prevent you from participgtin this study.
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We will measure your height and weight with a ndretale and measurement
tape.

Your bone mineral density will be measured usingl @mergy x-ray
absorptiometry or DEXA. DEXA uses two low energyays which scan the
body to determine body composition, including bamieeral density. Even
though the DEXA uses two x-rays the energy of tays is very low, and
radiation exposure is significantly lower than pital x-ray. The amount of
radiation you will be exposed to on each visitosparable to visiting New
York City for a day, and is slightly less than amal chest x-ray. Even
though the DEXA emits only small amounts of radiatias a precaution often
used with x-ray testing, women who are pregnant nwyparticipate to
prevent harm to the fetus. For that reason, weeayared to ask you to give
us a urine sample to do a pregnancy test, evesuipn’t think there is a
reason to do one.

For the DEXA scan, you will be asked to change et of medical scrubs,
and lay flat on the DEXA panel. The scan takeselan an open table; you
are never enclosed in at any point. A strap wilpteeed around your ankles to
aid in maintaining proper body position during #oan. You will lie as still as
possible while an arm which emits the x-rays passes your body and scans
it. A typical DEXA scan lasts approximately 10 mies.

We are going to use an ultrasound to measure hiow ybur ankle and knee
tendons are. For the ankle test, we will ask yostand up as you normally
would and we will put a small plastic device caleedrobe on the back of your
heel and calf muscle. There will be a gel on ttabe which might be a little
cold, but it wipes right off. For the knee tesg will do the same thing, only
the probe will be placed right above your knee-cBpch of these tests will
only take a minute and you won't feel anything.

After you do these tests, we will want to measwwe Btrong you are and how
high you can jump. To measure your strength, wieask you to do a squat
exercise and a bench press exercise. Before ytinede exercises, you can
warm-up on a stationary bike and do some dynametcétes (which we will
show you). After that, we will ask you to squabgressively higher amounts
of weight. We will show you how to do the exercasel will only increase the
weight if you are doing the exercise safely andestty. You will have 2-3
minutes of rest between each squat. We will asktg do the same thing
with a bench press. For both of these tests, gouask to stop at anytime you
feel uncomfortable or if you feel like you canttlany more weight. One of us
will always be spotting you while you lift for saje

To measure jump height and power, we will ask yopdrform 3 jumps in a
row as high and as fast as you can on a platfoatwhl record your power
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and jump height. We will ask you to do that 3danresting in between each
3-jump set, so we can use your best scores.

These two visits will take about an hour and 15utérs each time.

After the first testing day, we will divide you upto three groups, a resistance training
group, a plyometric training group, and a contraugp. If you don’t already
participate in the plyometric training at your gyyou will be placed in the control
group and will simply go about your normal gymnestiraining. Some of you will
be asked work out with weights for 16 weeks. Ifi ywe asked to be in that group,
you will replace your normal plyometric trainingn with weight training. We will
ask you to either come to the gym at U.R.I. (thees@lace you did your testing) to
train, or to go to Next Level Fitness Center inrgibn, Rl twice a week to work out
for one hour. You can choose to train at whicheyen is more convenient to you.
One of us will always be there to help you with ytraining and make sure you are
lifting weights properly. For your gymnastics treig, you will continue to follow
your normal routine. If you are not asked to ésistance training, you will continue
with your normal gymnastics and plyometric trainatgyour regular gym.

At the end of the 16 weeks, we will ask you to cdraek to the lab at U.R.l and
repeat the same tests you did at the beginninigeo$tudy.

In order to be part of this study, you have to lberaale competitive gymnast with at
least a level 7 rank. You also have to be betvieermges of 12 and 20, and not have
any current injuries.

Risks or discomfort:

Exercise and physical effort can cause soreneisguny from overexertion and/or
accident. With strength and jump height testirmgne risks exist for muscle strain or
pulls of the exercised musculature, muscle spasthiraextremely rare instances,
muscle tears. Some muscle soreness may be exgetidd to 48 hours after exercise
from muscular strength and power testing. Thatrsess should disappear completely
within a few days and have no long-lasting effects.

There are some risks to having your bone densstedebecause a DEXA uses a
similar kind of radiation that an x-ray does. Tatadiation exposure for the whole
study (one DEXA before and after the study) is altiibe same as one and a half
chest x-rays or four across-country flights.

There are no known risks for the ultrasound test.

Benefits of this study:
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Benefits of this study include potentially decragsyour risk for injury. You will

learn how strong you are and how healthy your banestendons are. In addition you
will be adding important knowledge to your sportdgmovide you and your coaches’
better opportunity to understand and make betaamitrg programs for you to follow
during your gymnastics season.

Confidentiality:

Your part in this study is confidential. No oneeeslgill know if you were in this study
and no one else can find out what answers you gélewill keep all the records for
this study and we will be the only people to haweess to these records. The
documents will be stored in a locked file cabimesuite 220 in Independence Square
on the URI campus. The records will be kept foe@rg and then destroyed.

In case of injury:

Chance of injury while participating in this studgyery small, however, due to the
strength testing as well as the resistance traiantgplyometric training groups there
is always a small chance of getting hurt. It isthe policy of the University of Rhode
Island to compensate subjects in the event thesearch procedure results in physical
or psychological injury. The University of Rhodaand will, however, make its best
effort to refer you to appropriate services, upequest, if injury does occur. You
may discuss this with Andy, Justin, or Disa Hatfiddowever, if you experience any
problems related to this study you should contaar personal physician. In that case
you must immediately report what hurts to whoesgerorking with you at that time.
We will then follow the necessary steps to get taken care of, beginning with
contacting any emergency medical service necessanell as your parents. In the
case of an injury that you are not aware of whakgihg or working out, but you
become aware of while at home, school, or pragtiease contact us to let us know.
Our phone number is (401) 874-518®u may also call the office of the Vice
President for Research, 70 Lower College Road, éfsity of Rhode Island,

Kingston, Rhode Island, telephone: (401) 874-4328.

Decision to quit or not participate at any time:

You might want to talk this over with your parebtfore you decide whether or not to
be in this study. The decision to be part of tesearch is up to you. You do not have
to participate. We will also ask your parentsitgegheir permission for you to take
part in this study, but even if your parents sags'y you can still decide not to do this.
If you do decide to participate, you can alwayspdoat of the study at any time.
Whatever you decide will not be held against yoang way. No one will be upset if
you don’t want to participate or even if you chaiyger mind later and want to stop.

If you want to quit the study, just let one of ul or ask one of your parents to call
us. Our number is (401) 874-5183.
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Your rights as a participant:

If you are not satisfied with the way this studype&formed, you may discuss your
complaints with Disa Hatfield, Andy Procopio, oisfin Nicoll at (401) 874-5183,
anonymously, if you choose. In addition, if you bBayuestions about your rights as a
research participant, you may contact the officthefVice President for Research, 70
Lower College Road, Suite 2, University of Rhodansd, Kingston, Rhode Island,
telephone: (401) 874-4328.

Remember, you can ask any questions you may hauwg #bs study. If you have a
guestion later that you didn’t think of now, yownazall one of us at (401) 874-5183 or
ask me next time. Would you like to read or hdaou this study a second time
before you decide?

Signing your name at the bottom of this form metas you have read or listened to
what it says and you understand it. Signing thisfalso means that you agree to
participate in this study and your questions haaenbanswered. You and your
parents will be given a copy of this form after ymave signed it.

Signature of participant Signature of Research
Typed/printed Name Typed/printed Name
Date Date
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Appendix Il

Particpant Nomber

(Pre-Post) testing data sheet

Daze: Tame: Cosmperition Jevel

Hadght: cm  Weight b2  Firthdae: Age:

Tk i vom ead amelor drinic befiore w00 cames heene]

OFEL
Tima: Tach:

Tlirsseund
Tima: Paialls dendon: Avchilles dmradoen Tach:
Farce Fleie

Trall Trall Tral3
Peak fomca: X | Peak fonca: K| Paak forca: N
Peak power W | Beakpowes W | Peak power W
T it om | Fomp beight cm | Fomen beight cm
Hoex
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Participant beer

Squat
W T 1 T (10 repe [ 0P} Aswmesr ]
B (25 repu @ TI)
T (1 2 B 355073

Bench Pres:
Wanm-Tips: 1 oo {3 10 e ) 30%) Agernm: 1
T (-3 omps @ T3]
1 rep @ 33-50%)

Hosex

FEEFER

gaegew

a7




Appendix IV

Dynamic warm up

Kneetucks
Anklecradles

L ateral squats

Spider lunges

Spider lungesw/ twist

1 leg hip bends
Backwards lunge w/ twist

X10
X10
X10
X10
X10
X10
X10

*All exercises will be performed alternating sidedess specified
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Appendix V

Day 1 Day 2
Squat* Deadlift*
DB Snatch* High Pull*
Stiff Leg Deadlift* Incline Bench Press
Seated Row Pulldown
Bench Press Barbell Lunge
Pull Up Shoulder Press*
Upright row
* represents exer cises that will change in weeks 6-10
Day 1 Day 2
Week
1 Pre-testing and familiarization
2 Light Moderate
3 Heavy Light
4 Moderate Heavy
5 Light Moderate
6 Heavy Light
7 Moderate Heavy
8 Light Moderate
9 Heavy Light
10 Moderate Heavy
11 Moderate Heavy
12 Post-testing
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Appendix VI

Light Moder ate Heavy
Week 1 Pre-testing and familiarization
Weeks 2-6
Sets 3 3 3
Reps 12 8-10 6-7
Rest (sec) 90 120 120
Total Time (min) 40 48 47
Weeks 7-11
Sets 3 3 3
Reps 12 6-8 3-5
Rest (sec) 90 150 180
Total Time (min) 40 57 63

Week 12

Post-testing
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Appendix VI

Menday
Phaze 1
o L Date Date Date Date Date Date Date Date
Hater Eirsire Order fuge  Fepr  Juge Fopr  Jwae Fopr _Juat Fopr  Jwae Fupr _luge Fopr  Juge Fopr  Juige Fopr  Juge Fispr
10eadlift
zHigh Full

3 Incline Bench Press

4Fulldown

5 Barbell Lunge

s Shoulder Press

7Upright Fow

Click to add footer
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Manday

Phaze: 2
. L Date Date Date Date Date Date Date Date
Hatar Evorcire Order Jugr  Fepr  fwge  Repr  lwae  Ropr  Mwge  Repr  fwge  Repr  wae  Repr  fuwge  Repe  lwae  Repr  Jwae  Repe
1Hang Clean

zDeadlift

:Bench Press

aFulldown

s Walking DE Lunge

sDE Snatch

7Upright Riow

Click to add footer
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Thurzday

Phaze 1
P L Date Dats Date Dats Date Dats Date Dats
Hater Eirsirs Order fuge  Fepr  Juge Fopr _ Jwae Fopr _ Juige Fopr _ Jwae Fopr _ Juige Fopr  Juige Fopr  Juige Fopr  Juige Fispr
15quat
2DE Snatch
=SL0L

4Seated Row

s Bench Press

&PullUp

Click to add footer
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Thurzday

Phaze 2
P (-1 Date Date Date Date Diate Date Date Date
Hater Euorsire Order | Fepr _Jge Fopr _ Jwqr Fepr _War Fepr _ JWqr Fepr Jirigr Fopr  Jwae Fepr  Juae Fopr  Jwae Fopr

15quat [Jumps on light]

2 Push Press

3 ELOL

4 Zeated Row

5 Incline DE Presz

& Pull Up

Click tor add footer
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