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    Functional alignment is one of the seven key physical capacities dancers need to develop for 

optimal performance and movement efficiency. Functional alignment involves placing the bones 

of the body in a balanced position so necessary muscles are able to initiate movement without 

unneeded stress, tension or energy exertion (Welsh, 2009). Understanding how to align the pelvis 

neutrally is an important component in how to optimize a dancer’s performance. 

    The two variations on neutral pelvic alignment are anterior pelvic tilt and posterior pelvic tilt. 

Anterior pelvic tilt is present when the two anterior superior iliac spine (ASIS) are tilted forward 

of the symphysis pubis (Fitt, 1996).It can also be observed when the ASIS is tilted lower than the 

posterior superior iliac spine (PSIS). This positioning creates a sway or arch like posture of the 

lower spine. Dancing with anterior pelvic tilt creates or results from inactivity of the abdominals 

and hip extensors and causes tightness in the lower-back musculature (Haas, 2010). Posterior 

pelvic tilt occurs when the symphysis pubis is tilted forward of the two ASIS. This misalignment 

can also be viewed when the two ASISs are tilted higher than the two PSISs. This placement 

creates a tucking-like posture that may cause tightness in the hamstrings and overwork the 

gluteus maximus (Haas, 2010). Out of the two variations, anterior pelvic tilt appears to be a 

common misalignment among pre-professional ballet dancers (Deckert et al., 2007). 

    Previous studies by Deckert et al. (2007) and Holt et al. (2011), assessed anterior pelvic tilt in 

university dance majors and demonstrated improvements in pelvic alignment in as little as six to 

eight hours of individual training. These studies suggest that individualized approaches with 

frequent reminders, offer an effective approach to addressing and improving excessive anterior 

pelvic tilt.. Both authors suggested that future studies assess the influences of targeted training on 

alignment in dance technique class the dancer’s normal training environment. My study aimed to 
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replicate these previous studies by improving pelvic alignment and observe the effects of such 

training on pelvic alignment in the dancers’ ballet technique class. 

    Dancers often are able to improve strength or flexibility in a controlled treatment or 

conditioning environment but the effects of such training on dancers alignment in technique 

classes has yet to be demonstrated (Krasnow & Deveau, 2011). The purpose of this study was to 

address this gap and evaluate a strategy for encouraging improvements in pelvic alignment to 

generalize to technique classes.  

 

Method 

Participants and Setting 

    Three dance majors in a collegiate pre-professional training program at a public university 

participated in this study. Dancers enrolled in ballet technique class who displayed anterior 

pelvic tilt were invited to participate in this study. The dancers ranged in academic level as well 

as dance technique level. Dancer 1 was a senior who was enrolled solely in ballet technique 

during the semester when the study was conducted. Dancer 2 was a junior whose schedule placed 

ballet technique as the first class of the day, followed by modern technique. Dancer 3 was a 

freshman whose schedule placed modern technique as the first class of the day followed by ballet 

technique. The study was approved by the University’s Human Subject Committee and each 

dancer signed consent forms prior to the study.  

    Observations occurred in two settings, a 21 x 20 ft. faculty studio and a ___ x ___ ft. ballet 

studio within the University’s School of Dance. The first observations were collected in a faculty 

studio with only the researcher present. This training setting approximated those used by prior 

alignment researchers (Deckert et al., 2007 & Holt et al., 2011). The studio was similar to a 
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dance studio but smaller; it included a sound system, a ballet barre attached to the wall, Marley 

flooring, and mirrors that were uncovered during this study to approximate the dancers’ 

technique class environment. The dancers wore form-fitted clothing, typically a leotard and 

tights, and ballet shoes which is traditional in ballet classes. Four reflective markers were 

securely placed on the right and left ASIS and PSIS over the participants’ clothing.  

    The class observations were also made in each participant’s morning ballet technique class. 

The dance studio contained: a sound system, piano where live music was performed for classes, 

ballet barres (some of which were portable and could be moved into the center of the space), and 

mirrors that were uncovered throughout class. The study participants were asked to take their 

ballet class at a center portable barre to facilitate video-recording. The dancers wore the same 

clothing wore the same clothing described above and reflective markers were placed over the 

same bony landmarks. If a marker fell off during the class, the dancers were instructed to leave it 

not to reattach it. 

   A digital camcorder was placed in each of the observation settings. In the faculty studio, the 

camera was attached to a tripod and placed 13 ft. to the right of the dancer with the lens at the 

height of the dancers’ pelvis approximating the placement used in prior research (Deckert et al., 

2007 & Holt et al., 2011).  

    In the technique class, the digital camcorder was attached to a Pedco UltraPod II Lightweight 

Camera Tripod™.  The 7in x 2in x 2in tripod was placed in a window sill perpendicular to the 

ballet barre the study participants used to take class. The camera was approximately 20 ft to the 

side of the dancers and perpendicular to the ballet barre.   
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Measurement and Data Analysis 

    The degree of anterior pelvic tilt was the primary dependent variable.  At the beginning of 

each session in both the faculty studio and ballet technique class, the researcher used Topstick®, 

toupee tape, to attach the reflective markers to the dancers’ clothing over the landmarks. In the 

faculty studio, a transparency projector was used to illuminate the reflective markers. The 

projector could not be used in the technique class so natural lighting from multiple windows 

illuminated the reflective markers.  

    The dancers were observed, separately one to two times a week. Dancers were asked to attend 

their daily ballet technique classes and take it normally. The first 45 minutes of class was 

recorded.  

    Dancers were asked to come into the faculty studio for measurement immediately following 

their technique classes. These measurements took 15 minutes per dancer. Dancer 1’s 

measurements took place in the faculty studio at 10:25 am. Dancer 2 and 3, who had a different 

technique schedule, were measured at 11:55 am. By measuring at the end of each dancer’s 

technique class, the dancers were warm enough to proceed straight to measurement. The dancers 

were given four ballet combinations that mimicked the progression of a ballet class with pre-

recorded music that matched the combination being performed. 

 

1. Pliés: two demi pliés in first position, one grand plié, repeated twice, four elevés in first. 

2. Tendus: tendu en croix (front, side, back, side) in first position, tendu on qua croix in fifth 

position, one grand plié in fifth position, sus-sous in fifth position, détourné to proceed to 

the next side. 
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3. Dégagés from fifth: quick transferring of weight to release the leg to the front, back, side 

and side. The sequence was reversed and repeated.  

4. Adagio: four rond de jambes en dehors, lift of the leg to the front and brushing the leg 

through first into arabesque, reverse sequence, circular port de bras, sus-sous to end. 

 

    From both settings, eight positions where neutral pelvic alignment might be expected were 

captured as still images from the video measurements. The images were captured as the dancer 

performed the movement in its second repetition. If in ballet class the movement was not 

repeated more than once, the movement was captured on its first instance. The images captured 

included: 

1. Bottom of a demi-plié in first position 

2. Top of an elevé in first position 

3. Standing fifth position after performing a grand plié 

4. Standing fifth position after performing a circular port de bras 

5. Standing on one leg after a demi rond de jambe front to side 

6. Standing on one leg after demi rond de jambe back to side 

7. Standing fifth position after dégagé side closing to back 

8. Standing fifth position after return from arabesque  

 

    The first six positions were replicated from Deckert et al. (2007) and Holt et al. (2011) and 

final two were added for this study. The added positions were based on the researcher’s 

observations of movements that made returning to neutral pelvic alignment more challenging. 

The images were captured using image analysis software (Kinovea:https://www.kinovea.org/). 
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This software allowed the video recordings to be paused and moved frame by frame to extract 

the position at its initial moment. 

    The eight still images were measured using another image analysis program (Image J: 

https://imagej.nih.gov/ij/). The software’s angle tool was used to create an angle in degrees that 

connected the center of the reflective markers at the ASIS and PSIS. The line between the two 

markers was compared to the horizon. 

     The individual positions were measured and recorded to track improvement throughout the 

study. The eight measurements were summed and divided by eight to yield a mean degree of 

anterior pelvic tilt for each session.  

    To evaluate inter-observer agreement, a graduate student with experience in dance science was 

asked to independently measure images the researcher had analyzed. Thirty percent of all images 

were chosen at random using a random number generator to reduce the chances of bias. The 

graduate student had no knowledge of corresponding measurement by the researcher who served 

as the primary observer. Using a protocol comparable to Deckert et al. (2007), the measurements 

were compared photo-by-photo and an agreement was scored when there was a difference of 2° 

or less. Inter-observer agreement was assessed by dividing the number of agreements by the total 

number of images analyzed. This proportion was then converted into a percentage. Overall, inter-

observer agreement was 85%.  

 

Training Procedure 

    Training followed a process similar to sequential modification (Stokes & Bear, 1977), a 

strategy for promoting transfer of behavior across settings. Sequential modification is a 

systematic approach to programming for generalization: a behavior is changed and observed 
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across settings where the behavior is desired (Stokes & Bear, 1977). In this study, the pelvic 

alignment training procedures was applied only in the one-one training environment not in the 

dancers’ technique classes. 

    Training was divided into two phases. The first phase was “Alignment Training.” The second  

phase was “Transfer Training”. Each dancer participated in each phase of training for six 

sessions: two, one-hour training sessions per week for three weeks. The protocol used in the first 

phase of training was designed to approximate the training used by Deckert and her colleagues, 

(2007). All training sessions included four stages: discussion, video analysis, conditioning, and 

movement coaching.  

Each session began with a discussion of how the dancers felt their performance in ballet class 

went, observations of successes or failures, and identification of any dance movements that made 

it difficult to maintain neutral pelvic alignment. During the second stage of each training session, 

the researcher show each dancer a video recording of their recent performances in the one-on-

one training and ballet technique class settings. This portion of training allowed the dancer to 

witness her alignment tendencies and it provided a framework for the concentration of the 

training session.  

The third stage of training involved selected, conditioning exercises. A series of Pilates and 

pre-Pilates exercises, comparable to those used by Deckert et al. (2007), helped the dancers find 

and maintain a more neutral pelvic alignment., Pilates exercises have been shown effective in 

improving torso alignment and dynamic body alignment (McMillian, 2009). The exercises are 

included in the following table: 
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Table 1. Exercises Taught During Alignment Training 

Hook Lying Position (supine) 

1. Pelvic Clock: tip pelvis through 12 positions of clock face 

2. Articulated Bridging: Roll up through the spine to support on shoulders and feet 

3. Marching in Bridge: Alternating, parallel retires with pelvis lifted to bridge position 

Supine with Hips and Knees Flexed to 90 

4. Supine Marching: Lower alternating heels to floor, torso and spine 

5. Supine Spine Twist: rotate lower spine and pelvis to shift knees side to side 

6. Single-Leg Stretch: Extend one leg long just above the floor, other knee to the chest, alternate  

Prone (face down) 

7. Cat and Cow: On hands and knees, hyperextend and flex whole spine 

8. Swimming: Contra-lateral hip and shoulder extend and flex alternately 

9. Child’s Pose: fold at hips, and spine to release hips and lower back muscles 

Stretches  

10. Hip Flexor: kneeling lunge with pelvis held as vertical as possible 

 

The final stage of training was movement coaching. Throughout the first phase of training, the 

dancers were coached only on the movement combinations being measured in the faculty studio. 

Movement coaching focused on the particular areas that needed the most improvement which 

varied for each dancer and each session. The movement combination was broken down and cued 

extensively with tactile and verbal cueing. 

During the “Transfer Training” phase, the stages of training were modified to meet the goal of 

transferring the improved pelvic alignment into ballet technique class. During video analysis, for 

example, the dancers observed performances selected from their ballet technique class. 
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Improvements and opportunities for further improvement were identified and used to focus 

further training.  

Twelve new exercises were included in the conditioning stage. They were designed to 

challenge the dancer’s ability to maintain neutral pelvic alignment and stability.  The additional 

exercises are described in the following table: 

 

Table 2. Additional Exercises Taught During Transfer Training  

Hook Lying Position (supine) 

1. Hip Dips in Bridge: Tip pelvis to each side while at the top of a bridge position 

Supine with Hips and Knees Flexed to 90 

2. Toe Taps, Single: Reach one foot to the floor and return to starting position, alternate 

Toe Taps, Double: Reach both feet to the floor and return to starting position  

Supine with Hips and Knees Extended  

3. Single Leg Circles, small and large: One leg extended to the floor and the other extended to the 

ceiling, the gesture leg draws circles in the air  

Quadruped Position (all fours)  

4. Opposite Arm and Leg Reach: Reach one arm and the opposite leg long and return, alternate 

5. Plank: Support the body on hands and feet 

6. Side Plank: Use one arm to support and stabilize the body  

Side Lying in Turned-Out  

7. Lifts: Lift and lowering the gesture leg 

8. Circles: Draw small circles with the gesture leg in one direction, switch directions 

9. Développé: Draw the toes of the gesture leg up the leg into passé, extend the lower leg  

10. Clams: Knees bent at 90°, top leg unfolds and folds while the feet remain touching  

11. Clam Variation: Knees bent at 90°, top leg unfolds, lower leg extends, toe returns and leg folds 
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Stretches 

12. Hamstring Supine Stretch 

 

    During the movement coaching stage, videos from each dancer’s ballet class were used to 

inform what movements needed individual coaching. This phase of training worked extensively 

on the ballet barre combinations the dancers were being asked to perform on a daily basis. 

Combinations needing coaching were prioritized by the researcher but the dancers were also 

encouraged to identify any combinations from class they wanted to work through. Throughout 

movement coaching, imagery was incorporated as a cueing tool. Imagery provided dancers with 

different strategies to help them recreate sensations designed to help them achieve neutral pelvic 

alignment. Each dancer created a bank of imagery that was most useful to them. The dancers 

were encouraged to experiment with imagery during their ballet technique class. They self-

reported their experiences with imagery and any effects on their performance during ballet class. 

Examples of imagery that was most useful to the dancers included:  

- Stacked 

- Triangle of the ASIS and symphysis pubis being on the same vertical plane 

- Balancing the pelvis on the heads of the femurs 

 

Experimental Design 

    In this study I used a multiple baseline, within-subject experimental design. The experimental 

conditions were as follows and are displayed in Table 3: 

Table 3: Experimental Conditions 

1. Baseline: To establish a pelvic alignment baseline for each dancer, pelvic alignment was 

measured twice a week for each dancer in the faculty studio and once a week in the ballet 
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technique class. After baseline measurements stabilized for each dancer, training was 

initiated in a staggered fashion across dancers. 

2. Alignment Training: 

 Dancer 1: Twice a week Alignment Training began during Week 2 while  

 measurements  in both settings continued for all three dancers. 

  Dancer 2: Twice a week Alignment Training began during Week 3 while 

  measurements in both settings continued for all three dancers. 

 Dancer 3: Twice a week training began during Week 4 while measurements 

 in both settings continued for all three dancers. 

3. Transfer Training: 

 Dancer 1: Twice a week Transfer Training began during Week 5 while  

 measurements  in both settings continued for all three dancers. 

  Dancer 2: Twice a week Transfer Training began during Week 6 while 

 Dancer 3: Twice a week training began during Week 7 while measurements 

 in both settings continued for all three dancers. 

 

Social Validity 

At the end of the study, each dancer was asked to fill out a questionnaire to assess their 

experience during training (see Table 3).  The participants were asked to rate their responses on a 

five-point scale, 1 being the least and 5 being the highest.  The dancers were also welcomed to 

add comments about their general experience.  

 

Table 3: Dancer Social Validity Questionnaire 

1. How important do you believe neutral pelvic alignment is for ballet technique class?       
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Unimportant 1 2 3 4 5 Very Important  

 

2. Do you believe the training program raised your level of awareness of your pelvic alignment while 

taking technique class?   

No Change 1 2 3 4 5 Improved a Lot 

 

3. Do you believe the training sessions challenged you?           

No Challenge 1 2 3 4 5 Challenged a Lot 

 

4. Do you believe the training sessions were relevant to the work you have been doing in your ballet 

technique classes?                                     

Not Relevant 1 2 3 4 5 Very Relevant 

 

5. Do you believe the benefits achieved were worth the time invested?            

Not Worth My Time 1 2 3 4 5 Worthy Investment 

                   

6. Do you believe this training program helped you improve your pelvic alignment?     

No Improvement 1 2 3 4 5 Improved a lot 

                              

7. Do you believe you have noticed any changes in your alignment since the start of training? 

No Change 1 2 3 4 5 Changed a lot 

 



 

 

15 

 

Results 

Alignment in the Faculty Studio 

   Figure 2 displays the average degree of anterior pelvic tilt for each dancer taken during 

measurements in the faculty studio. The dashed lines shows the staggered transition of each 

dancer from baseline to phase one of training and from phase one to phase two of training.  

    Pelvic alignment for Dancer 1 averaged 16° of anterior tilt during baseline, decreased to an 

average of 15° during Alignment Training, and further decreased to an average of 9° during 

Transfer Training. When Alignment Training was introduced, there was a minimal decrease in 

pelvic tilt. The measurements gradually increased and continued to fluctuate within the same 

range as baseline. When Transfer Training was introduced, there was a clear decrease of anterior 

pelvic tilt. The next measurement appears to have shown further improvement but due to 

overcorrection, the dancer actually demonstrated posterior pelvic tilt. Posterior pelvic tilt was 

recorded as a negative number.   

   Anterior pelvic tilt for Dancer 2 averaged 24° for baseline, decreased to an average of 20° 

during Alignment Training and further decreased to an average of 17° during Transfer Training.  

The first phase of training appeared to have been the most successful with Dancer 2. When phase 

two was introduced, the degree of pelvic showed improvement but demonstrated a variable 

response.  

    Pelvic alignment for Dancer 3 averaged 24° for baseline, decreased to an average 20° during 

Alignment Training and remained at an average of 20° during Transfer Training. Dancer 3 

seemed to show improvement when the first phase of training was introduced but gradually 

increased back to baseline levels. When the second phase of training was introduced, pelvic tilt 

improved once again but became variable. 
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    For all three dancers, there were distinct reductions in anterior tilt from baseline to phase two 

of training.  Dancer 1 showed an overall improvement of approximately 5°. Dancer 2 showed an 

improvement of approximately 7°. Dancer 3 showed an improvement of approximately 4°. This 

change in pelvic alignment suggests that improvements in anterior tilt probably resulted from the 

alignment and application training and not because of other uncontrolled variables.  

 

 Alignment in Technique Class 

    Figure 1 displays the average degree of anterior pelvic tilt for each dancer during technique 

classes. The dashed lines shows the staggered transition from baseline to Alignment Training and 

from Alignment Training to Transfer Training. These weekly probes show a varied response to 

training.   

    With Dancer 1, Transfer Training  appears to have produced the greatest improvement in the 

ballet technique class measurement. The baseline measurement of 18° improved to 16 ° during 

the Alignment Training and improved to an average of 11° during the Transfer Training. Over 

the course of the study, pelvic alignment in ballet classes improved approximately 7° for Dancer 

1.  

    For Dancer 2, the average degree of anterior pelvic tilt in ballet classes was 29° initially and 

improved to approximately 19° during Transfer Training. Over the course of the study, she 

showed a 10° improvement her degree of anterior tilt when measured in her ballet classes.  

    For Dancer 3, the average degree of anterior pelvic tilt during technique class measurements 

was 22°, with 24° being the highest degree of pelvic tilt during the first phase of training. During 

the Transfer Training, the measurements remained constant at approximately 20°. This is 2° 
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difference between training phase one and two. This improvement was the smallest of all three 

dancers.   
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Figure 1 Mean Degree of Anterior Pelvic Tilt in Clinical Setting 
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Figure 2 Mean Degree of Anterior Pelvic Tilt in Technique Classes  
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Discussion 

     This study used a multiple baseline experimental design to assess the effects of alignment 

training on three dancers’ pelvic alignment in a training setting in the dancers ballet technique 

classes. Within-subject designs have proven to be effective in studying pelvic tilt in dancers 

based on their ability to assess individual performance. Repeated measurements allowed the 

three dancer’s alignment to be compared to her own alignment before, during and after training. 

This experimental design minimizes the influence of individual difference as a source of 

variability that can confound the interpretation of experimental results (Welsh & Chatfield, 

1997). 

    After six sessions of the training designed to approximate the training used by prior 

researchers), the dancers in this study were not yielding improvements comparable to those 

reported in prior studies. A second phase of training, “Transfer Training,” was created to address 

this deficiency. “Transfer Training” was used to encourage the improved pelvic alignment 

achieved in the faculty studio to generalize to the ballet technique class. Modifications were 

made to the conditioning and movement coaching components of training. Exercises were 

included to challenge these stabilization and alignment in new positions that were more 

functionally related to dance, such as side lying. Side planks, also known as side-bridges, were 

added because its horizontal isometric side support activates muscles of the posterior abdominal 

wall, abdomen and back (Yodels et. Al, 2014). Other exercises included in training focused on 

the abdominals, lower back muscles, hip flexors and deep hip external rotators.   

    The social validity questionnaire allowed the dancers to rate their experiences with the training 

program. On a 5-point scale, 5 being high and 1 being low, all dancers rated the importance of 

neutral pelvic alignment for ballet technique class as 5 (Very Important).  Every dancer rated the 
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time invested vs. benefits as 5 (worthy investment). The dancers rated the relevance of the 

training to their work in ballet classes an average of 4.6 out of 5. All dancers rated the training as 

challenging - 5 (challenged a lot) They rated changes in awareness of pelvic alignment as 5 

(improved a lot) and they rated their alignment improvement an average of 4.8 . Dancers were 

also encourage to write any additional responses pertaining to the questions or their general 

experience. Dancer 3 commented that while she felt her alignment improved, she still needed 

more work to break her bad habits and become consistent with her level of awareness. 

    These responses validate the benefits of using an individualized training approach. By 

tailoring the training for each dancer’s ballet class, the training provided relevant tools that 

dancers could implement in their ballet class the following day. The relevance of looking at what 

the dancers were being asked for in class and then preparing them to perform that same material 

showcases the advantages of using such an approach to achieve improvements of pelvic 

alignment in the dancers’ ballet technique class. The benefits were reinforced with causal reports 

from the ballet faculty. Faculty mentioned the dancers’ improvement and increased awareness to 

the dancers and to the researcher.  These observations corroborated the dancers’ own 

observations that they felt their alignment improving. 

    Future studies might look specifically at ballet technique class and provide training that more 

precisely matches the demands dancers face in their technical training. Studies might also 

address the influence of each of the components used in training. Testing which components of 

training produce the largest improvements in performance could allow refinement of the current 

training protocol. Researchers could assess each of the twenty-four conditioning exercises used 

and retain the exercises that lead to the most improvement. 



 

 

22 

 

    This study replicated protocol used by Deckert et.al (2007), future studies could examine the 

benefits of using a remote cueing technique as used by Holt et al. (2011). Future studies might 

replicate her findings and include an automated remote cueing that could be used during the 

barre portion of the ballet technique class. A study by Chadudhari et. (2008)  used an 

accelerometer-based sensing device that assessed standing lumbopelvic control in professional 

baseball pitchers. A similar device might be used for dancers to provide automated feedback on 

lumbopelvic control during ballet technique class. 
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