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ABSTRACT 
 

The Relationship Between Generalized Joint Laxity and Hip Cartilage  
Thickness in Ballet and Modern Dancers 

 
Noelle Jeanette Tuttle 

Department of Exercise Sciences, BYU 
Master of Science 

 
Generalized joint laxity (GJL), a condition in which most joints of the body move beyond 

the accepted normal range of motion, is present in many ballet and modern dancers.  It has been 
associated with an increased risk of injury, decreased muscle strength, and greater landing forces.  
Increased joint laxity results in joint instability and may precede the development of 
osteoarthritis, which is associated with a reduction in cartilage thickness.  We hypothesized that 
dancers with GJL would have decreased hip cartilage thickness, as well as greater hip adduction 
angles and greater ground reaction force on landings.  Twenty female ballet and modern dancers 
(mean age: 21.0 ± 1.79 years; mean weight: 57.0 ± 5.71 kg; mean years of dance experience: 
14.6 ± 3.53 years; mean hours of training per week: 19.2 ± 7.24 hours) were recruited from 
college and local dance programs and screened for GJL.  Each dancer performed three forward 
drop landings onto a force plate and received an MRI on their dominant hip.  There was a 
significant difference in hip cartilage thickness, as viewed in the frontal plane (GJL group 
average: 2.66 ± 0.33 mm; control group average: 3.14 ± 0.48 mm; p = 0.0160), between the 
groups.  There were no significant differences in peak hip adduction angle on landing (GJL 
group average: 80.9 ± 5.04 degrees; control group average: 77.9 ± 5.78 degrees; p = 0.2269) or 
peak landing ground reaction force (GJL group average: 5.56 ± 1.28 body weights; control group 
average: 5.17 ± 0.82 body weights; p = 0.4274) between the generalized joint laxity group and 
the control group.  Dancers with GJL have thinner cartilage at the hip.  These results suggest that 
dancers with GJL may be at a greater risk for injury.  Therefore, these dancers may benefit from 
strength training programs, rather than flexibility training, to help counteract the joint instability 
that can lead to injury. 
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Introduction 

Generalized joint laxity (GJL) is a condition in which most joints of the body have a 

range of motion that is beyond the accepted normal.1  Populations at an increased risk for GJL 

include young children,2,3 females,3,4 ballet dancers,3,5-7 and gymnasts.3,5  In a study by Deighan 

in 2005, it was found that 9.5 percent of a dancer population had hypermobility compared to 4.7 

percent of the general population.8  This is thought to be due to inherent joint laxity that has been 

exaggerated by the demands of the sport.8  A case-control study in 1992 by Nilsson et al of 23 

first-year ballet students found increased hypermobility and spinal flexibility in the dancers 

compared to age-matched controls.9  Another study by Gannon and Bird in 1999 found that 

participants in sports that focus on flexibility may be more likely to have GJL than the general 

population 5  GJL allows for greater flexibility, which may be beneficial to athletes in certain 

sports3 such as gymnastics and dance, and those at the highest levels of these sports have higher 

laxity levels than their novice peers.5 

GJL, however, is a common finding associated with musculoskeletal complaints3,10 and is 

a risk factor for injuries3 such as sprains, subluxations, and dislocations.10  Malalignment from 

joint laxity can lead to cartilage loss11 and a lack of joint stability may adversely influence joint 

mechanics.12  Those with GJL are also at a greater risk for premature osteoarthritis,11 muscle 

strength and proprioception deficits,3 and capsular laxity at the hip.13  Hip capsular laxity, which 

is commonly seen in individuals with GJL,13 can in turn lead to dislocations, labral tears, and 

articular cartilage damage.11   

Hip injuries represent a source of great disability in the general population14 and among 

athletes, especially in sports involving repetitive external hip rotation with axial loading15 such as 

gymnastics, dancing, and figure skating.  Hip joint instability and impingement are the most 
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common biomechanical risk factors for premature arthritis at the hip joint.16  Joint instability can 

place abnormal forces on the hip, leading to deformities or tears of both the hip capsule and 

labrum.17  Capsular laxity is often seen in individuals with GJL13 which can be the result of a 

collagen abnormality or secondary to overuse or repetitive activities, as is commonly seen in 

athletes.13  Ligamentous laxity puts the individual at an increased risk for hip instability, 

dislocation, and labral tears.13 

There are currently no devices to directly measure hip joint laxity; however, it has been 

shown that individuals with GJL also have greater hip joint laxity.18  The Beighton tests have 

gained global acceptance and appear to be the most used tests for diagnosing general joint 

hypermobility.4  There is no universal agreement on the point threshold for hypermobility, but 

studies have commonly used 5 or 6 points out of 9 to classify an individual as having GJL.10  In a 

study by Juul-Kristensen et al scores of greater than or equal to 6 were found to have a result of 

“good to excellent” with regards to reproducibility of a GJL diagnosis.4  In this same study, it 

was found that the reproducibility of diagnosing GJL was high, with a kappa score of 

approximately 0.74, and that the Beighton tests for GJL also showed high reproducibility, with a 

kappa score above 0.80.4  Other studies have also used a Beighton score cutoff of 6 when 

determining if an individual has GJL.19   

To assess cartilage health and thickness at the hip, studies have used MRI.20,21  Several 

methods have shown that cartilage thickness can be accurately measured without the use of 

contrast or external devices.20,22,23  MRI has also been used to show changes in hip cartilage 

volume between populations, including healthy and obese adults.24  Cartilage loss over time 

related to joint laxity has been studied at the knee,12 but its effect on cartilage at the hip is 

unknown.   
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Individuals with GJL often have a high passive-to-active range of motion ratio, indicating 

joint instability and/or muscle strength deficits.8  People with GJL may also experience 

proprioception deficits.8  Studies have shown that joint laxity is negatively correlated to 

strength.25  Hip strength is related to differences in hip adduction angles on landing.26  Weaker 

muscles around the hip are related to greater hip external adduction moments.26  It has also been 

found that individuals with stronger muscles about the hip and knee have lower peak vertical 

ground reaction forces than those with weak muscles.26  Ground reaction forces have been 

implicated in injury to the lower extremities27 and have been linked to the onset and development 

of osteoarthritis.28,29   

The purpose of this study was to evaluate differences in hip cartilage thickness between 

ballet and modern dancers with GJL and dancers without GJL, and to evaluate differences in 

peak hip adduction angle and peak ground reaction force on landing between dancers with GJL 

and those without GJL.  We hypothesized that the GJL group would have decreased hip cartilage 

thickness compared to the control group.  We also hypothesized that the GJL group would have 

higher peak hip adduction angles and higher peak ground reaction force on landing.  Examining 

risk factors that may be associated with decreased hip cartilage volume may assist in the creation 

of interventions that postpone or eliminate the development of hip osteoarthritis.24  This study 

will provide information about the relationship between GJL and hip cartilage thickness that may 

assist in preventing hip injuries in athletes with GJL.   
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Materials and Methods 

Research Design 

This was a cross-sectional study.  Healthy female ballet and modern dancers, ages 18–25, 

were selected for participation.  Dancers were divided into 2 groups:  GJL subjects and controls.  

Comparisons were made between the groups. 

Subjects 

A convenience sample of twenty healthy female volunteers (age = 21 ± 1.8 yrs, height = 

1.65 ± 0.07 m, weight = 57.0 ± 5.71 kg), similar to subject numbers used in studies by Mosher et 

al30 and Hodler et al31 were selected for testing.  Subjects were recruited from the Dance 

Department at Brigham Young University and other local dance studios.  Subjects were screened 

for GJL and 10 subjects with GJL were selected.  Twenty-two additional subjects were screened 

and 10 of these subjects, who best matched the GJL group, were recruited as controls for the GJL 

subjects, matched for the group variables of height, weight, years of experience, and average 

hours of training per week (Table 1).  All subjects were ballet or modern dancers at the highest 

level at their studio.  Participants had trained consistently for the 3 months prior to collection and 

had never experienced any of the following exclusion criteria:  a medical or allied health 

professional diagnosis of hip cartilage injury or hip osteoarthritis, a previous hip injury involving 

surgery (including arthroscopy), or any contraindication to MRI, including pregnancy, metal 

sutures, or claustrophobia.   
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Table 1. Participant descriptive variables 
 GJL (SD) Control (SD) 

Age (years) 20.1 (1.85) 21.8 (1.32)* 
Height (m) 1.67 (0.04) 1.62 (0.09) 
Body mass (kg) 57.0 (6.07) 57.0 (5.67) 
Years of participation 14.5 (3.24) 14.7 (3.97) 
Average activity per week (hrs) 18.6 (7.39) 19.8 (7.44) 
Beighton Score 7.80 (1.23) 1.70 (0.95)* 
*p < 0.05 from mean of GJL group 

Participants completed an informed consent form prior to participation.  The Institutional 

Review Board at Brigham Young University approved this study.  Potential subjects were 

prescreened for participation to verify that they met age and level qualifications and were MRI 

eligible. 

Beighton Score Screening 

Participants were screened for GJL using the Beighton Scale for joint laxity.  The 

Beighton score gives a point for each side of the body for each of the following conditions: 

passive extension of the 5th metacarpophalangeal joint past 90 degrees, passive apposition of the 

thumb to the forearm, hyperextension of the elbow past 10 degrees, hyperextension of the knee 

past 10 degrees, and trunk flexion that allows the palms to be placed flat on the floor.10  A score 

of 6 or more qualified them for the GJL group.  Each participant had his or her score recorded, 

along with his or her age, height, mass, years of experience, and hours spent training per week.  

The non-GJL group was matched for height, mass, years of experience, and hours spent training 

per week with the GJL group.  
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MRI Data Acquisition 

Each participant had an MRI performed on their dominant hip, defined as the normal 

landing leg, or the leg used to kick a ball if no preference during landing.  MRI data were 

collected at the MRI Research Facility at Brigham Young University.  Hips were imaged on a 

Siemens TIM-Trio 3.0T MRI scanner (Siemens, Erlanger, Germany).  The subject was 

positioned head first supine in the magnet, with a flex coil strapped around the hip.  The 

participant had her feet attached to a board and hips strapped down to eliminate excessive 

movement and provide a consistent hip position across subjects.  MRI data was acquired 

following a localizer scan.  Sagittal and frontal images were obtained using a T2-weighted fat-

suppressed three-dimensional gradient-recalled acquisition sequence in the steady state, as was 

previously used in a study by Teichtahl et al in 2015.24  The sagittal scan had the following 

criteria: repetition time 14.45 msec, echo time 5.17 msec, flip angle 25 degrees, slice thickness 

1.5 mm, field of view 16 cm, pixel matrix 320 x 320, acquisition time 7 minutes 47 seconds, and 

one acquisition.24  The frontal scan had the following criteria:  repetition time 3,400 msec, echo 

time 64 msec, flip angle 90 degrees, slice thickness 3 mm, field of view 16 cm, pixel matrix 256 

x 256, acquisition time 5 minutes 26 sec, and one acquisition.24  

Drop Landings 

Participants performed 3 forward drop landings onto a portable force plate (Bertec 

Corporation, OH, USA).  Participants were unshod, dropped from a height of 40 cm, and landed 

on one foot.  Subjects were instructed to land on their dominant leg as normally as possible, 

without falling, stepping off the force plate, or touching down with the opposite foot or either 

hand.  Subjects had 3 markers attached directly to their clothing at the right ASIS, left ASIS, and 

on the patella of the dominant leg to calculate peak hip adduction angle, similar to a study by 
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Maykut et al.32  These landings were filmed and hip adduction angles from the trials were 

analyzed and averaged for each subject. 

Data Analysis 

Articular cartilage thickness was measured using the software Analyze 12.0 

(AnalyzeDirect, Inc., KS, USA).  One mid-sagittal image and one mid-frontal image were used 

for each subject.  The images used for measurements were the images that were the closest to the 

center of the femoral head.  Five measures of cartilage thickness were made on each image, 

totaling 10 measurements per subject.  These measurements were taken at the midpoint of the 

femoral head and at 2 points on each side of the midpoint.  All 5 measurement points were 

equidistant apart.  The full thickness was measured using a spline tracing (Figures 1, 2) around 

both the femoral and acetabular cartilage in both planes.  These 10 points were then averaged to 

obtain one value of cartilage thickness for each subject. 

 

Figure 1. Frontal view of hip cartilage thickness.  A spline tracing was created around the 
acetabular and femoral cartilage.  Five even divisions were created along the spline tracing and 
thickness measurements were taken at the locations of the arrows. 
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Figure 2. Sagittal view of hip cartilage thickness.  A spline tracing was created around the 
acetabular and femoral cartilage.  Five even divisions were created along the spline tracing and 
thickness measurements were taken at the locations of the arrows. 

Hip angles in the frontal plane were determined using the 2D video analysis software, 

Kinovea (version 0.8.15).  The peak hip adduction angles from each of the 3 trials were 

determined by creating an angle between the non-landing hip, landing hip, and landing knee 

(Figure 3).  These three values were then averaged, giving one value per subject.  Landing 

ground reaction forces from the force plate were recorded and the peak ground reaction force for 

each landing was found.  These three forces were also averaged to give one value for each 

subject. 
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Figure 3. Participants landed on one foot from a height of 40 cm onto a portable force plate.  The 
peak hip adduction angle was measured, using markers attached to the left ASIS, right ASIS, and 
patella of the landing leg. 

All analyses were performed by the same researcher, who was blinded to the group 

assignment of the subject.  MRI data sets were labeled to exclude any identifying subject 

variables and drop landings were only recorded from the waist down. 

Statistical analysis was performed using SAS statistical software (version 9.4, SAS 

Institute, Inc., Cary, NC).  T-tests between groups were performed to determine if there were 

group differences between age, height, mass, years of experience, or hours of dance participation 

per week (Table 1).  T-tests were also performed to determine if there was a statistically 

significant difference in cartilage thickness, peak force of landing, and peak hip adduction angle 

between the two groups.  A p-value of less than 0.05 was used to determine statistical 

significance. 
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Results 

MRI Hip Cartilage Thickness 

Average hip cartilage values are presented in Table 2.  In the sagittal plane, we did not 

find any significant differences in the average cartilage thickness between groups (p = 0.6213).  

However, in the frontal plane, there was a statistically significant difference in cartilage 

thickness (p = 0.0160).  There was also a significant difference in overall cartilage thickness, 

with all 10 points averaged, between the GJL and non-GJL groups (p = 0.0163).  These 

differences suggest a decrease in average cartilage thickness in GJL subjects. 

For each subject, 5 measure of thickness were taken in both the frontal and sagittal 

planes.  These values were averaged for each subject, then across each group and compared for 

differences.  Frontal and sagittal cartilage thickness measures were also averaged to give a total 

cartilage thickness for each group. 

Table 2. Cartilage thickness values (mm).   
 GJL (SD) Control (SD) 
Frontal 2.66 (0.33) 3.14 (0.48)* 
Sagittal 3.96 (0.40) 4.05 (0.41) 
Total 3.31 (0.26) 3.59 (0.22)* 
*p < 0.05 from mean of GJL group 

Landing Ground Reaction Force and Hip Adduction Angle 

Values for peak ground reaction force of landing and peak hip adduction angle were 

compared between the GJL and non-GJL groups.  There was not a significant difference in peak 

ground reaction force of landing between the groups (p = 0.4274; Table 3).  There was not a 

significant difference in peak hip adduction angle between the groups (p = 0.2269; Table 4). 

Each subject performed 3 drop landings from a height of 40 cm onto a portable force 

plate.  Values were averaged to give one value per subject, then averaged across each group and 

compared for differences. 
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Table 3. Peak Landing Ground Reaction Force (normalized by body weights).   
 GJL (SD) Control (SD) 
 3.65 (0.93) 4.14 (0.13) 
 4.24 (0.83) 4.25 (0.37) 
 4.71 (0.32) 4.42 (0.62) 
 4.88 (0.31) 4.71 (0.55) 
 5.02 (0.57) 4.89 (0.81) 
 5.94 (1.36) 5.28 (0.96) 
 6.14 (1.18) 5.37 (0.30) 
 6.17 (1.25) 6.03 (0.24) 
 7.17 (0.54) 6.19 (0.15) 
 7.65 (0.71) 6.39 (1.21) 
Group Average        5.56 (1.28) 5.17 (0.82) 

Each subject performed 3 drop landings from a height of 40 cm.  Markers were placed on 

the left ASIS, right ASIS, and patella of the landing leg.  Peak hip adduction angle was measured 

for each landing. Values were averaged to give one value per subject, then averaged across each 

group and compared for differences. 

Table 4. Peak Hip Adduction Angle (degrees).   
 GJL (SD) Control (SD) 
 72.0 (3.00) 69.0 (2.00) 
 73.7 (4.16) 72.0 (5.29) 
 79.0 (4.36) 73.7 (2.51) 
 79.7 (1.53) 75.7 (2.52) 
 80.7 (3.06) 76.3 (6.81) 
 82.7 (1.53) 78.0 (5.29) 
 84.0 (4.00) 78.3 (1.53) 
 84.3 (4.73) 84.7 (1.53) 
 85.0 (4.00) 85.3 (4.04) 
 88.0 (2.00) 85.7 (0.58) 
Group Average 80.9 (5.04) 77.9 (5.78) 
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Discussion  

We hypothesized that dancers with GJL would have less cartilage thickness than controls.  

We found that there was a significant difference in total cartilage thickness between the GJL and 

control groups (p = 0.016), with an average group difference of 0.28 mm.  There was not a 

statistically significant difference in thickness in the sagittal plane (p = 0.621), with a difference 

of only 0.09 mm.  However, there was a significant difference in cartilage thickness in the frontal 

plane (p = 0.016), with an average group difference of 0.48 mm (Table 2). A possible 

explanation for this difference in results between frontal and sagittal thickness could be the 

unbalanced stretching that dancers perform.33  When told to warm up, dancers spent a majority 

of time on hip abduction and external rotation, with less focus on adduction, flexion, or 

extension.33  This focus on frontal plane movement could account for the discrepancy in cartilage 

thickness differences.  Since dancers are putting more stress on the hip in the frontal plane, it 

follows that there could be less cartilage in that plane in dancers with a greater range of motion. 

The mean thickness of the combined acetabular and femoral cartilage is 2.33–3.24 mm 

for healthy individuals (ages 19-53).23   It is difficult to differentiate between the acetabular and 

femoral cartilage on MRI, so we looked at combined values.  It is thought that laxity may relate 

to a loss of cartilage and precede osteoarthritis.12  This loss of cartilage can be accompanied by 

joint surface or subchondral bone damage and can lead to chronic pain, a loss of joint mobility, 

and effusions.34  In a systematic review, it was found that there is moderate evidence of an 

association between sporting activities and hip osteoarthritis, but this may be related to other 

confounding variables between athletes and nonathletes.35  Indirectly, there is evidence that joint 

laxity is a risk factor for the development of premature osteoarthritis.36  Ligamentous joint laxity 

leads to joint instability, making individuals with GJL more vulnerable to the effects of 
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overuse.36  Osteoarthritis is a result of joint use and joint vulnerability,37 and thinning cartilage is 

associated with osteoarthritis.38  It has been shown that professional ballet dancers had a greater 

incidence of acetabular cartilage thinning and tears (75% of subjects) compared to active healthy 

controls (28%),39 but these subjects were not screened for GJL.  Naish et al showed that a 

difference of 0.05 mm between groups was statistically significant,40 and studies have shown that 

osteoarthritis patients see an average decrease in joint space width of 0.1–0.15 mm annually,41 

indicating that small changes in thickness can be important to joint health.    

Since joint laxity has a negative correlation to strength25 and individuals with stronger 

muscles about the hip and knee have lower peak vertical ground reaction forces than those with 

weak muscles,26 we hypothesized that dancers with GJL would experience greater hip adduction 

and more ground reaction force when landing.  However, we found no difference in hip 

adduction angle or peak ground reaction force of landing between the GJL and control groups 

(Tables 3, 4).  We noticed no differences in landing kinematics between the groups in the frontal 

plane, but did not view movements in other planes.  Although we did not compare strength 

measures between the groups, we believe the similarity between groups is due to dancers’ 

training and technique.  Dancers are expected to control their landings and to land softly.  

Because of this, they have learned to better activate lower extremity muscles to control landings, 

thus decreasing their ground reaction forces.29  This muscle strength is often missing in the 

general population of GJL subjects,25 leading to greater hip external adduction moments.26  We 

did not determine forces at the hip directly, so we are unsure if this decrease in ground reaction 

force caused a decrease in forces at the hip, or if other joints, such as the knee or ankle, played a 

role.  Dancers have exceptional balance, due to years of training and strength.42  In studies 

comparing dancers to nondancers, it was observed that dancers are better able to maintain 
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upright balance in standing42,43 and when landing from a jump.43   Dancers are trained in 

technique, so we do not believe that dancers with GJL altered their landing kinematics to 

attenuate forces before they arrived at the hip.  We had subjects land on their dominant leg, the 

leg that they were most comfortable landing on or the one used to kick a ball if no preference 

during landing, so they were able to activate muscles around the hip joint to control the landing, 

similar to what they experience in their normal training.    

This study recruited subjects from a convenience sample of female, college-aged dancers 

at and around Brigham Young University, so findings cannot be generalized to the entire 

population of dancers.  The hip adduction measures were viewed only in the frontal plane, so 

these measures could be influenced by sagittal and transverse plane hip and knee angles.  The 

possible rotation in the transverse plane and flexion in the sagittal plane could have altered the 

hip adduction angle, implying that a 3D analysis of hip adduction may give more accurate 

results.  The analysis of MRI data using Analyze Direct involved using a spline tracing.  All 

tracings were performed by the same investigator, making it reliable across subjects, but spline 

tracings are not entirely accurate for measures of thickness.  The tracing went around the edge of 

the cartilage, so measures are likely slightly larger than the actual thickness.  However, it is 

difficult to compare values between studies as MRI data has some variance.  We also did not 

measure the thickness around the entire band of cartilage.  We instead chose to use ten points 

around the center of the femoral head in the frontal and sagittal planes.  There is slight variation 

in the anatomy of the hip between subjects; however, we felt these 10 points provided an 

accurate representation of the average cartilage thickness of each subject. 

This study has shown that hip cartilage thickness is decreased in dancers with GJL 

compared to controls and these differences are comparable to changes seen with osteoarthritis.41  
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Dancers generally experience overuse injuries,44,45 especially in the lower extremities,44 which 

can be harmful to their training and careers.  It has been suggested that younger dancers prone to 

joint laxity should be identified and protected from overstretching,46 and this study supports that 

idea.  This study also suggests that dancers with GJL have altered training programs to focus on 

controlling their movements rather than focusing on flexibility.  Dancers with GJL will still need 

to perform movements that put their bodies in compromising positions as part of their training 

and career, but care should be taken to limit extreme movements in practice in order to preserve 

cartilage thickness. 

Conclusion 

This study provides more information about how GJL affects hip cartilage thickness.  

GJL is associated with decreased hip cartilage thickness.  Our results suggest that dancers should 

be screened for GJL and alternative training programs should be implemented to focus less on 

flexibility training and more on stabilizing the joint to help prevent injuries.  There was not a 

significant difference in peak landing ground reaction force or peak hip adduction angle on 

landing.  This is most likely because dancers are trained to control their movements on landings.    



16 
 

References 

1. Kirk J, Ansell B, Bywaters E. The hypermobility syndrome. Musculoskeletal complaints 

associated with generalized joint hypermobility. Annals of the Rheumatic Diseases. 

1967;26(5):419-425. 

2. Carter C, Wilkinson J. Persistent joint laxity and congenital dislocation of the hip. Bone 

& Joint Journal. 1964;46(1):40-45. 

3. Wolf JM, Cameron KL, Owens BD. Impact of joint laxity and hypermobility on the 

musculoskeletal system. Journal of the American Academy of Orthopaedic Surgeons. 

2011;19(8):463-471. 

4. Juul-Kristensen B, Røgind H, Jensen D, Remvig L. Inter-examiner reproducibility of 

tests and criteria for generalized joint hypermobility and benign joint hypermobility 

syndrome. Rheumatology. 2007;46(12):1835-1841. 

5. Gannon L, Bird H. The quantification of joint laxity in dancers and gymnasts. Journal of 

Sports Sciences. 1999;17(9):743-750. 

6. Grahame R. Hypermobility: Joint Hypermobility—Clinical Aspects. Proceedings of the 

Royal Society of Medicine. 1971;64(6):692-694. 

7. McCormack M, Briggs J, Hakim A, Grahame R. Joint laxity and the benign joint 

hypermobility syndrome in student and professional ballet dancers. The Journal of 

rheumatology. 2004;31(1):173-178. 

8. Deighan MA. Flexibility in dance. Journal of Dance Medicine & Science. 2005;9(1):13-

17. 

9. Nilsson C, Wykman A, Leanderson J. Spinal sagittal mobility and joint laxity in young 

ballet dancers. Knee Surgery, Sports Traumatology, Arthroscopy. 1993;1(3):206-208. 



17 
 

10. Russek LN. Hypermobility syndrome. Physical therapy. 1999;79(6):591. 

11. Sharma L, Eckstein F, Song J, et al. Relationship of meniscal damage, meniscal 

extrusion, malalignment, and joint laxity to subsequent cartilage loss in osteoarthritic 

knees. Arthritis & Rheumatology. 2008;58(6):1716-1726. 

12. Sharma L, Lou C, Felson DT, et al. Laxity in healthy and osteoarthritic knees. Arthritis & 

Rheumatology. 1999;42(5):861-870. 

13. Ranawat AS, McClincy M, Sekiya JK. Anterior dislocation of the hip after arthroscopy in 

a patient with capsular laxity of the hip. JBJS Case Connector. 2009(1):192-197. 

14. Kelly BT, Williams RJ, Philippon MJ. Hip arthroscopy: current indications, treatment 

options, and management issues. The American Journal of Sports Medicine. 

2003;31(6):1020-1037. 

15. Philippon MJ, Schenker ML. Athletic hip injuries and capsular laxity. Operative 

Techniques in Orthopaedics. 2005;15(3):261-266. 

16. Zilkens C, Miese F, Jager M, Bittersohl B, Krauspe R. Magnetic resonance imaging of 

hip joint cartilage and labrum. Orthopedic reviews. 2011;3(2):9. 

17. Philippon MJ, Zehms CT, Briggs KK, Manchester DJ, Kuppersmith DA. Hip instability 

in the athlete. Operative Techniques in Sports Medicine. 2007;15(4):189-194. 

18. Fan L, Copple TJ, Tritsch AJ, Shultz SJ. Clinical and instrumented measurements of hip 

laxity and their associations with knee laxity and general joint laxity. Journal of athletic 

training. 2014;49(5):590-598. 

19. Tobias JH, Deere K, Palmer S, Clark EM, Clinch J. Joint hypermobility is a risk factor 

for musculoskeletal pain during adolescence: findings of a prospective cohort study. 

Arthritis & Rheumatism. 2013;65(4):1107-1115. 



18 
 

20. Gold SL, Burge AJ, Potter HG. MRI of hip cartilage: joint morphology, structure, and 

composition. Clinical Orthopaedics and Related Research®. 2012;470(12):3321-3331. 

21. Li W, Abram F, Beaudoin G, Berthiaume M-J, Pelletier J-P, Martel-Pelletier J. Human 

hip joint cartilage: MRI quantitative thickness and volume measurements discriminating 

acetabulum and femoral head. IEEE Transactions on Biomedical Engineering. 

2008;55(12):2731-2740. 

22. Hanna F, Ebeling P, Wang Y, et al. Factors influencing longitudinal change in knee 

cartilage volume measured from magnetic resonance imaging in healthy men. Annals of 

the rheumatic diseases. 2005;64(7):1038-1042. 

23. Mechlenburg I, Nyengaard JR, Gelineck J, Soballe K. Cartilage thickness in the hip joint 

measured by MRI and stereology–a methodological study. Osteoarthritis and cartilage. 

2007;15(4):366-371. 

24. Teichtahl AJ, Wang Y, Smith S, et al. Early cartilage abnormalities at the hip are 

associated with obesity and body composition measures–a 3.0 T MRI community-based 

study. Arthritis research & therapy. 2015;17(1):107. 

25. Van der Esch M, Steultjens M, Knol D, Dinant H, Dekker J. Joint laxity and the 

relationship between muscle strength and functional ability in patients with osteoarthritis 

of the knee. Arthritis Care & Research. 2006;55(6):953-959. 

26. Lawrence RK, Kernozek TW, Miller EJ, Torry MR, Reuteman P. Influences of hip 

external rotation strength on knee mechanics during single-leg drop landings in females. 

Clinical biomechanics. 2008;23(6):806-813. 

27. Nigg B, Denoth J, Kerr B, Luethi S, Smith D, Stacoff A. Load sport shoes and playing 

surfaces. Sport shoes and playing surfaces. Human Kinetics. 1984:1-23. 



19 
 

28. Mizrahi J, Susak Z. In-vivo elastic and damping response of the human leg to impact 

forces. J Biomech Eng. 1982;104(1):63-66. 

29. McNair PJ, Prapavessis H, Callender K. Decreasing landing forces: effect of instruction. 

British Journal of Sports Medicine. 2000;34(4):293-296. 

30. Mosher TJ, Collins CM, Smith HE, et al. Effect of gender on in vivo cartilage magnetic 

resonance imaging T2 mapping. Journal of Magnetic Resonance Imaging. 

2004;19(3):323-328. 

31. Hodler J, Trudell D, Pathria M, Resnick D. Width of the articular cartilage of the hip: 

quantification by using fat-suppression spin-echo MR imaging in cadavers. AJR. 

American journal of roentgenology. 1992;159(2):351-355. 

32. Maykut JN, Taylor‐Haas JA, Paterno MV, DiCesare CA, Ford KR. Concurrent validity 

and reliability of 2d kinematic analysis of frontal plane motion during running. 

International journal of sports physical therapy. 2015;10(2):136. 

33. Reid D, Burnham R, Saboe L, Kushner S. Lower extremity flexibility patterns in classical 

ballet dancers and their correlation to lateral hip and knee injuries. The American journal 

of sports medicine. 1987;15(4):347-352. 

34. Buckwalter J. Articular cartilage injuries. Clinical orthopaedics and related research. 

2002;402:21-37. 

35. Lievense A, Bierma‐Zeinstra S, Verhagen A, Bernsen R, Verhaar J, Koes B. Influence of 

sporting activities on the development of osteoarthritis of the hip: a systematic review. 

Arthritis Care & Research. 2003;49(2):228-236. 

36. Hakim A, Grahame R. Joint hypermobility. Best Practice & Research Clinical 

Rheumatology. 2003;17(6):989-1004. 



20 
 

37. Roos H, Laurén M, Adalberth T, Roos EM, Jonsson K, Lohmander LS. Knee 

osteoarthritis after meniscectomy: prevalence of radiographic changes after twenty‐one 

years, compared with matched controls. Arthritis & Rheumatology. 1998;41(4):687-693. 

38. Felson DT. Risk factors for osteoarthritis: understanding joint vulnerability. Clinical 

orthopaedics and related research. 2004;427:S16-S21. 

39. Duthon VB, Charbonnier C, Kolo FC, et al. Correlation of clinical and magnetic 

resonance imaging findings in hips of elite female ballet dancers. Arthroscopy: The 

Journal of Arthroscopic & Related Surgery. 2013;29(3):411-419. 

40. Naish J, Xanthopoulos E, Hutchinson C, Waterton J, Taylor C. MR measurement of 

articular cartilage thickness distribution in the hip. Osteoarthritis and cartilage. 

2006;14(10):967-973. 

41. Guermazi A, Burstein D, Conaghan P, et al. Imaging in osteoarthritis. Rheumatic Disease 

Clinics of North America. 2008;34(3):645-687. 

42. Crotts D, Thompson B, Nahom M, Ryan S, Newton RA. Balance abilities of professional 

dancers on select balance tests. Journal of Orthopaedic & Sports Physical Therapy. 

1996;23(1):12-17. 

43. Gerbino PG, Griffin ED, Zurakowski D. Comparison of standing balance between female 

collegiate dancers and soccer players. Gait & posture. 2007;26(4):501-507. 

44. Hald R. Dance injuries. Primary care. 1992;19(2):393-411. 

45. Khan K, Brown J, Way S, et al. Overuse injuries in classical ballet. Sports Medicine. 

1995;19(5):341-357. 

46. Reid D. Prevention of hip and knee injuries in ballet dancers. Sports Medicine. 

1988;6(5):295-307. 


	Brigham Young University
	BYU ScholarsArchive
	2017-07-01

	The Relationship Between Generalized Joint Laxity and Hip Cartilage Thickness in Ballet and Modern Dancers
	Noelle Jeanette Tuttle
	BYU ScholarsArchive Citation


	Title Page
	Abstract
	Table of Contents
	List of Tables
	Table 1
	Table 2
	Table 3
	Table 4

	List of Figures
	Figure 1
	Figure 2
	Figure 3

	Introduction
	Materials and Methods
	Research Design
	Subjects
	Beighton Score Screening
	MRI Data Acquisition
	Drop Landings
	Data Analysis

	Results
	MRI Hip Cartilage Thickness
	Landing Ground Reaction Force and Hip Adduction Angle

	Discussion
	Conclusion
	References

