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REQUEST FOR PILOT GRANT PROPOSALS IN 16 POTENTIAL AREAS OF 

ORTHOTIC AND PROSTHETIC (O&P) RESEARCH  
(This form should be used as the first page of your application.) 

 
The Center has identified 16 areas for potential submission of proposals. 
 
Areas for submission are:  
 

a. Demonstration of multi-site coordination of P&O clinical outcomes data collection with 
emphasis on data consistency and quality 

b. Quality of Life, Wellness, Patient Satisfaction and/or Outcomes Studies of Patients Who 
Have Received O&P Care vs. Those Who Have Not 

c. L0631 bracing—Performance and Outcomes Data That Differentiate Patient Results from 
What Could be Achieved with an OTS Orthosis that is Provided without any Fitting, 
Trimming or Clinical Care? 

d. TLSO/LSO: Utilization and comparative effectiveness of TLSO/LSO. Pre and post-
operative use 

e. AFO/KAFO: Utilization and comparative effectiveness of custom vs. OTS AFOs and 
KAFOs. Investigation and analyses of patients who receive custom orthosis subsequent to 
OTS AFO fitting. 

f. Microprocessor Controlled Knee and Ankle Joints – Safety Benefits for Non-Variable 
Cadence (K-1, K-2) Ambulators  

g. Does Restricted Access for K-1 and K-2 to Hydraulic Controls Adversely Impact Patient 
Safety? 

h. Efficacy of custom vs. OTS relating to clinical outcome, analyses of providers credential 
i. Functional Impacts of Vacuum-Assisted Socket Suspension Systems 
j. Outcomes Measures, Evaluation of Clinical Benefit, and Quality of Life Metrics Related 

to Orthotic Management (Note: Submissions Should be Pathology and/or Condition 
Appropriate, e.g. Stroke, Cerebral Palsy, Multiple Sclerosis, Polio, OA) 

k. Orthotic management of Osteoarthritis 
l. Alignment (tuning) of Ankle Foot Orthoses in the Cerebral Palsy population, measured 

outcome. 
m. Stance Control Knee Ankle Foot Orthoses, Clinical Application and Measured Outcomes 
n. Socket Interface: Methods for Measuring Quality of Socket Fit and Alignment 
o. Sockets: Methods for Measuring Proper Socket Fit and Alignment 
p. Open Topics – Beyond the Above Priorities, Top Quality Clinical O&P Research Topics 

Considered 
 

AOPA reserves the right not to select for funding any of the proposals received.  While funding 
is available, decisions will be made on the merits of the proposals. 
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Abstract 
The goal of this project is to determine the effect of cervical orthoses on the intervertebral 
kinematics of the cervical spine during active, dynamic, multi-planar motions.  Twelve 
participants will perform full range of motion (ROM) flexion/extension, rotation and lateral 
bending movements while biplane radiographs of the cervical spine are collected at 30 images 
per second.  Participants will perform each movement without a collar, while wearing a soft 
collar and while wearing a hard collar.  An automated tracking process with validated sub-
millimeter accuracy will determine intervertebral motion during each movement. Global head 
ROM and intervertebral ROM at each cervical motion segment will be calculated for each 
movement trial.  This data will serve as a basis for a future large-scale clinical study to assess 
the effects of cervical orthoses on intervertebral kinematics in different patient groups. The 
clinical significance of this study is that it is unclear how well cervical collars restrict 
intervertebral motion during multiplanar movements.  The efficacy of cervical collars may 
change depending on the motion segment targeted for restriction and the intended movement.  
Additionally, the effect of cervical orthoses on midrange intervertebral kinematics remains 
unknown; it is possible that cervical orthoses provide little restriction to intervertebral motion 
during midrange motions that comprise the majority of activities of daily living.  
  



Specific Aims 
The overall goal of this project is to determine the effect of cervical orthoses on the 
intervertebral kinematics of the cervical spine during active, dynamic, multi-planar motions.  
The first specific aim is to determine the effect of cervical orthoses on global head kinematics 
and intervertebral spine kinematics during multi-planar motion.  

• Hypothesis 1A: The rigid collar will restrict global head range of motion (ROM) and 
intervertebral ROM more than the soft collar for each head movement. 
 

• Hypothesis 1B: There will be no difference among motion segments in terms of the 
percent reduction in intervertebral motion when wearing a cervical collar. 

The comparison between the rigid collar and the soft collar in restricting global head motion is 
confirmatory in nature and will serve to verify our testing methods and results against previous 
research.  There is currently no data characterizing the effects of rigid or soft collars on 
intervertebral kinematics during head rotation or lateral bending, so testing Hypothesis 1A will 
provide novel information in this regard.  The results of testing of Hypothesis 1B will indicate if 
the effects of cervical collars are distributed evenly across all motion segments, or if specific 
motion segments are affected more (or less) by cervical orthoses.  This hypothesis will be 
tested for each collar and for each head movement to determine the extent to which hard and 
soft collars restrict motion at each cervical motion segment during different head movements. 
The second specific aim is to determine the effect of cervical orthoses on intervertebral 
kinematics during midrange motions. 

• Hypothesis 2A: Rigid and soft collars will not restrict intervertebral ROM during midrange 
movement. 

The effects of cervical orthoses on intervertebral kinematics during midrange head motions are 
currently unknown.  Testing Hypothesis 2A will indicate if intervertebral motion is restricted 
during midrange motions that comprise the majority of activities of daily living.  
Background/Significance 
Cervical orthoses are frequently used to restrict neck motion, either as a treatment for certain 
injuries or for the purpose of immobilization after a surgical procedure.  Soft and rigid collars are 
believed to restrict motion by 25% to 60%, respectively1.  The majority of the research into 
motion restriction while wearing a cervical collar has focused on global head motion.  The 
limitation of this previous research is that the effects of orthoses on intervertebral kinematics 
could not be determined.  The inability to assess the efficacy of a collar to limit motion at a 
specific injury site is an important limitation that must be addressed in order to increase 
the clinical efficacy of cervical collars.   
A more recent study partially addressed this limitation by acquiring lateral radiographs of the 
cervical spine in maximal flexion and maximal extension while participants wore cervical 
collars2.  These end range of motion radiographs demonstrated that different rigid collars 
affected intervertebral flexion/extension ROM similarly at each motion segment and that the 
percent reduction in motion was consistent across motion segments.  Currently, no studies 
have characterized the effects of collars on intervertebral ROM during head rotation or 
lateral bending.  This shortcoming is significant because lateral bending plus axial 
rotation movements occur as frequently as flexion/extension during daily activities3.  
Additionally, because previous research has focused exclusively on maximal end range 
movements, the effect of cervical collars on midrange intervertebral motion remains unknown. 
This is an important gap in our knowledge, as the majority of activities of daily living are 



preformed with the head and neck in the midrange of motion and require only a small 
percentage of the maximal head ROM4,5. 
Clearly, there are significant limitations to our current knowledge of how cervical collars affect 
intervertebral motion during multi-planar head movement.  The proposed pilot study is designed 
to address these limitations.  The proposed study will demonstrate the feasibility of our 
methods and provide preliminary data for a larger clinical trial aimed to inform clinicians 
in choosing an orthosis based upon patient-specific mobilization requirements. 
Research Plan 
Inclusion/Exclusion Criteria 
Inclusion criteria will be age between 18 and 70 years, the ability to move the head and neck 
through a full range of flexion/extension, rotation and lateral bending without pain or discomfort, 
and no prior history of cervical spine surgery.  Exclusion criteria will include a medical diagnosis 
of osteoporosis, contraindications for a CT scan, body mass index greater than 40, a previous 
history of significant radiation exposure (through work in a nuclear facility or radiation therapy 
treatment), and pregnant females. 
Data Collection 
A total of 12 asymptomatic healthy controls will be enrolled in this pilot study.  Participants will 
be seated upright within a biplane imaging system and practice moving their head and neck 
through a full range of flexion/extension to the beat of a metronome set at 40-44 beats per 
minute.  Participants will practice the movement until they can move through their full ROM at a 
steady, continuous pace, reaching the full flexion or full extension position each beat of the 
metronome.  After collecting biplane radiographs in the static neutral position, biplane 
radiographs will be collected at 30 images per second for 3 seconds while the participant 
performs continuous flexion/extension movements. Flexion/extension movements will be 
repeated for the soft collar (foam) and hard collar (Aspen) conditions.  This protocol will then be 
repeated while the participant performs full ROM axial rotation and full ROM lateral bending in 
the no collar, soft collar and hard collar conditions.  We have previously used this protocol in a 
series of studies assessing in vivo cervical spine kinematics 6-10.  
Prior to movement testing, reflective markers will be placed on the head and torso to track the 
global head motion using conventional motion capture technology (Vicon Vantage, 120 Hz).  
This reflective marker data will be synchronized with the biplane radiography data and will serve 
to quantify the relationship between global head motion and intervertebral spine motion 
obtained from biplane radiographs, as we have done previously11,12.  
After movement testing, axial CT scans (0.293 x 0.293 x 1.25 mm resolution) of the cervical 
spine (C1-T1) will be acquired from each participant.  Subject-specific bone models of each 
vertebra will be generated from the CT scans and used in combination with the 
stereoradiographic images to track three-dimensional bone motion with sub-millimeter 
accuracy13 for all movements and collar conditions.  
Data Processing 
A previously validated volumetric model-based tracking process will be used to determine 3D 
vertebral position with sub-millimeter accuracy for all static and dynamic movement trials 
performed within the biplane imaging system13. Details describing the volumetric model-based 
tracking process, including hardware and software specifications, calibration and distortion 
correction procedures, and computational algorithms have been described in detail7,14,15.  The 
tracking process will yield the 3D motion data for each cervical vertebra during each functional 
movement test and each collar condition (Figure 1).  
The intervertebral rotation at each motion segment and the rotation of the head relative to the 
torso will then be calculated using previously described methods9,11,12.  This processing will yield 



continuous motion data curves for each motion segment of the cervical spine and for the global 
head rotation relative to the torso.  The continuous head motion data will be used to identify the 
midrange of motion (defined as ±20° from the neutral position).  Intervertebral ROM at each 
motion segment will be determined for each movement trial and each collar condition over this 
midrange of head movement. 
Data Analysis 
Hypothesis 1A: The rigid collar will restrict global head ROM and intervertebral ROM more than 
the soft collar for each head movement.  This hypothesis will be tested using a repeated 
measures analysis of variance test to compare global head ROM and intervertebral ROM 
among the three collar conditions (no collar, soft collar, hard collar).  Similarly, Hypothesis 1B: 
There will be no difference among motion segments in terms of the percent reduction in 
intervertebral motion when wearing a cervical collar, will be tested using a repeated measures 
analysis of variance to compare the amount of lost motion at each motion segment while 
wearing cervical collars. 
Intervertebral motion during the midrange of each movement will be determined to test 
Hypothesis 2A: The rigid and soft collars will not restrict intervertebral ROM during midrange 
movement.  A repeated measures analysis of variance test will compare intervertebral ROM 
during midrange motions among the three collar conditions. 
Sample Size Estimate 
Sample size justification for this pilot study was based upon having sufficient statistical power to 
test hypotheses and budget constraints.  With a sample size of 12 subjects, significance set to α 
= .05, and power set to 80%, the proposed study will be able to detect a large effect (effect size 
0.40) of cervical collars on global and intervertebral motion.  We believe this power is sufficient 
for this pilot study because the aims of the study are to demonstrate feasibility of the 
techniques, provide preliminary data indicating efficacy of collars for restraining multi-planar 
motion of vertebrae, and to provide pilot data for a future clinical trial. 
  

 

 
   

Figure 1: The biplane radiography system and volumetric bone-model-based tracking technique.  Three-
dimensional subject-specific bone models of each vertebra are created from CT scans (left).  The participant 
performs dynamic movements within the biplane imaging system while radiographs are collected using high-speed 
cameras (middle). Each subject-specific 3D bone model is placed in a computer-generated reproduction of the 
biplane system (right).  Simulated X-rays are passed through the 3D bone model to generate digitally reconstructed 
radiographs (DRRs). Bone position and orientation are determined by an optimization process that matches the 
DRRs to the edge-enhanced radiographs.  
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Budget 
Item Expense 

Supplies  
 Pregnancy test kits, data storage, reflective markers $120 
 Cervical collars and replacement pads $200 
Imaging  
 CT scan (research rate) $1,200 
Participant Reimbursements  
 CT scan $600 
 Movement tests $1,200 
 Parking $120 
Personnel  
 Undergraduate Student Researchers  $8,460 
 Research Coordinator $3,100 
Total $15,000 
 
Budget Justification 
Supplies: Basic laboratory supplies are required including pregnancy test kits for all female 
participants, data storage (each participant will generate approximately 20 GB of data) and 
reflective markers. 
Imaging: The research rate for a clinical CT is $100 per scan. 
Participant Reimbursements: Participant will be reimbursed for their time to participate in this 
study.  The CT scan is expected to require approximately 60 minutes of their time, while the 
movement testing is expected to require approximately 2 hours of their time.  Participants will be 
reimbursed for parking during the CT scan. 
Personnel: Undergraduate student researchers will be employed to process data.  The majority 
of their time will be spent performing the model-based tracking process to determine 
intervertebral kinematics.  This process requires approximately 30-45 minutes per tracked bone 
(a total of 7 cervical vertebrae) for each movement trial (3 movement trials) and each collar 
condition (3 collar conditions).  In addition, the student workers will track static position trials 
prior to each movement trial and each collar condition.  Undergraduate student researchers will 
also segment bone models from CT scans (8 hours per participant), process reflective marker 
data, and generate Excel spreadsheets to summarize data from each trial of each participant.  A 
Research Coordinator (5% effort) will also be required to complete the IRB approval process, 
recruit and screen participants (12 subjects can be easily recruited through our University and 
Health System Employee newsletters), schedule patient movement testing and CT scans, and 
register patient payments.  Effort for the PI (5% effort) and co-investigators (2%) will be cost-
shared with the University as part of this pilot study. 
 



OTHER SUPPORT 
 
William Anderst, PhD 
 
ACTIVE 

 
n/a  (PI: Tashman)        1/2/2015 – 6/30/17    2.28 cal mo 
Swiss Federal Laboratories for Materials Science and Technology (EMPA)  $43,504 
Dynamic In Vivo Imaging of Lumbar Spine (R&D Project)  
  
Goal is to develop and validate computational models of the lumbar spine driven by in vivo data. 
 
R43 AR064620-01 (PI: Selbie, C-Motion, Inc.) 4/1/2015 – 3/31/2017    1.2 cal mo 
C-Motion, Inc (NIH)        $83,888    
Software for improved accuracy and rapid tracking of kinematics from dynamic X-ray 
 
The goal of this Phase I project is to develop software for improving the speed and reliability of tracking 
skeletal motion from radiographic images. 
 
AD2015-1765-13          7/1/2015 – 6/30/2016    0.6 cal mo (cost shared) 
The Pittsburgh Foundation      $5,000 
Cervical spine bone density as a function of gender, vertebral level and anatomic location    
 
This project will use previously collected QCT scans from 29 young healthy adults (age range 20-35 years) 
to determine BMD in the cervical spine. 
 
5R21OH009966 (PI: Zhang)      9/1/2015 – 8/31/2016    3.6 cal mo 
Center for Disease Control and Prevention  $55,313 
New Biomechanical Knowledge Base and Digital Design Tool for Prevention of Occupational Neck 
Disorders 
  
Neck pain is increasingly common in modern workplaces and is now the fourth leading cause of years  
lived with disability (YLDS). Excessive neck muscle activities and/or extreme neck postures for a prolonged 
period have long been speculated to cause occupational neck pain, but it is unknown how exactly these 
factors can interplay to increase the risk. The proposed research will address this question systematically 
by experiments and computer modeling. 
 
n/a (Co-PIs: Anderst & Schneider)    1/1/2016 – 12/31/2016   0.6 cal mo (cost shared) 
NCMIC Foundation, Inc       $10,000 
Intervertebral Kinematics in the Cervical Spine Before, During and After High Velocity Low Amplitude 
Mobilization 
 
The proposed study will reveal, for the first time, the 3D intervertebral kinematics of the cervical spine 
during manipulation and how spinal manipulation affects in vivo functional spine kinematics.     
    
 

 1R01AR069543-01       4/1/2016 – 3/31/2021     6.0 cal mo 
National Institutes of Health     $302,874 
Adjacent Segment Mechanics in Cervical Arthrodesis Patients 
 
This study aims to determine to what extent patient-specific factors, iatrogenic factors, and biomechanical 
factors influence cervical spine mechanics after single-level and two-level arthrodesis. 
 
 
 
 



PENDING 
 
 
R21           9/1/2016 – 8/31/2018     3.0 cal mo 
National Institutes of Health     $125,000 
Spine Mechanics in Cervicogenic Headache Patients: A Randomized Controlled Follow-up Study 
 
This study aims to identify the specific mechanical dysfunction of the neck associated with CGH and to  
compare the effectiveness of two clinical treatments for CGH.  
 
N/A           1/1/2017 – 12/31/2017    0.6 cal mo (cost shared) 
Cervical Spine Research Society (CSRS) $100,000 
Intervertebral Kinematics During Activities of Daily Living 
 
This study will use a biplane radiographic imaging system to determine three-dimensional intervertebral 
kinematics during activities of daily living (ADL) in anterior cervical discectomy and fusion (ACDF) patients 
and similar-age healthy controls.  
 
N/A           1/1/2017 – 12/31/2018    0.6 cal mo (cost shared) 
Cervical Spine Research Society (CSRS) $73,241 
Are Bone Density Measurements from Lumbar DEXA Scans a Good Predictor of Cervical Spine Bone 
Density? 
 
This study will inform surgeons how well DEXA scans reflect region-specific bone density in the cervical 
spine.       

 
 Overlap 
 There is no scientific overlap with current or pending support. 
 
 
*In the event that pending grants are funded, effort will be adjusted on other grants in consultation with 
appropriate funding agency personnel. 
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BIOGRAPHICAL SKETCH 
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NAME: William Anderst 
eRA COMMONS USER NAME (credential, e.g., agency login): WilliamAnderst 
POSITION TITLE: Research Scientist 
EDUCATION/TRAINING  

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

University of Notre Dame, Notre Dame, IN B.S. 08/1991 Mechanical Engineering 
Indiana University, Bloomington, IN M.S. 08/1993 Kinesiology 
University of Pittsburgh, Pittsburgh, PA Ph.D. 05/2014 Bioengineering 
 
A. Personal Statement 
Proposal Goal: The proposed study aims to determine the effect of cervical orthoses on the intervertebral 
kinematics of the cervical spine during active, dynamic, multi-planar motions. 
Relevant Experiences: I am well-suited to serve as Principle Investigator on this project because of my 
technical expertise with the biplane X-ray system, my experience in directing human motion analysis studies, 
my history of productive collaborations with clinical faculty, and my ability to develop innovative analysis tools 
to characterize in vivo joint mechanics. I have spent the past 18 years developing the technical expertise 
required for this project by validating and continually improving the innovative biplane X-ray system required for 
this project.  As a Research Engineer at Henry Ford Health System, I was responsible for data collection, data 
processing, data analysis, and publishing manuscripts related to two NIH-funded projects that investigated 
knee kinematics following ACL reconstruction. More recently, as a Research Scientist at the University of 
Pittsburgh, I have served as PI on grants focused on in vivo cervical spine mechanics.  These spine projects 
have produced ground-breaking research on adjacent-segment mechanics following fusion and on the 
“normal” mechanics of the cervical spine.  As Principal Investigator, I have successfully directed two productive 
research projects investigating cervical spine kinematics and arthrokinematics.  These projects have made me 
aware of the importance of good communication with co-investigators and the value of dependable and 
conscientious research assistants.  I have also learned the importance of a solid research plan as well as 
realistic timelines and budgets.  In addition to directing research projects, I have trained and/or supervised over 
20 residents, post-docs, visiting fellows, graduate students and undergraduate students over the past 8 years.  
I am currently PI on a NIH-R01 project investigating spine mechanics in cervical arthrodesis patients. 
I am particularly excited about this project because it will allow us to, for the first time, determine the effect of 
cervical orthoses on the intervertebral kinematics of the cervical spine during active, dynamic, multi-planar 
motions.  My publications most relevant to the current proposal involve the validation of our data collection 
system, the demonstrated ability to measure in vivo three-dimensional cervical spine kinematics, and the 
unique capabilities of our dynamic biplane imaging system.  

1.    Anderst, W., Baillargeon, E., Donaldson, W., Lee, J. and Kang, J.  (2011)  (PMCID 3077907).  
Validation of a Non-Invasive Technique to Precisely Measure In Vivo Three-Dimensional Cervical 
Spine Movement.  Spine, 36(6), E393-400. 

2.    Anderst WJ, Donaldson WF, Lee JY, Kang, JD.  (2015) (PMCID 25814180).  Three-dimensional 
intervertebral kinematics in the healthy young adult cervical spine during dynamic functional loading.  
J. Biomechanics, 48(7), 1286-1293. 

3.  Anderst WJ  (2016) (PMCID 26331480).  Narrative Review of the In Vivo Mechanics of the Cervical 
Spine After Anterior Arthrodesis as Revealed by Dynamic Biplane Radiography.  J. Orthopaedic 
Research, 34(1), 22-30. 

 



B. Positions and Honors 
Date Title Location 
May 1997-July 2006 Research Engineer/ 

Senior Research Engineer 
Motion Analysis Lab, Bone and Joint Center, Henry Ford 
Hospital, Detroit, MI 

   
July 2006-April 2016 Research Scientist Biodynamics Lab, Department of Orthopaedic Surgery, 

University of Pittsburgh 
 
April 2016-present Assistant Professor Department of Orthopaedic Surgery, School of Medicine, 

University of Pittsburgh 
 
C. Contributions to Science 
1. Development and Validation of the Biplane X-ray System and Volumetric Model-Based Tracking Software 

Traditional motion capture technology acquires movement data from markers placed on the skin of the 
participant.  This technology is good for estimating overall body movements, but lacks the precision 
necessary to evaluate how the underlying bones move.  This is a critical limitation for joint degeneration and 
arthritis studies that require sub-millimeter precision to characterize the interaction between articulating joint 
surfaces.  The biplane X-ray system overcomes this limitation and provides precise bone motion data during 
dynamic activities.  The initial software for this system required small beads to be implanted into each bone 
of interest in order to determine bone motion, restricting analysis to surgical patients.  Over the past 18 
years, I have contributed to the development and validation of the second-generation of the biplane X-ray 
system and associated software, which includes a volumetric model-based tracking process that does not 
require bead implantation (enabling us to study non-surgical patients as well).  Other institutions have 
realized the value in this technology, and similar systems are now in place in at least 15 research labs 
throughout the world.  The biplane X-ray system was patented in 2010. 
a.    Tashman, S., Princehorn,J., Pennatto,S. and Anderst, W. (2010).  Patent: Biplane X-ray Imaging 

System, US 7806589 B2.  A high-speed biplane radiography system for in-vivo assessment of joint 
function.   

b.    Anderst, W., Zauel, R., Bishop, J., Demps, E. and Tashman, S. (2009).  Validation of three-
dimensional model-based tibio-femoral tracking during running.   Medical Engineering and Physics, 
31, 10-16. 

c.    Tashman, S. and Anderst, W. J.  (2003).  In vivo Measurement of Dynamic Joint Motion Using High 
Speed Biplane Radiography and CT: Application to Canine ACL Deficiency. Journal of Biomechanical 
Engineering, 125 (2), 238-245. 

d.    You, B., Siy, P, Anderst, W.J. and Tashman, S. (2001).  In-Vivo Measurement of 3D Skeletal 
Kinematics from Sequences of Biplane Radiographs: Application to Knee Kinematics.  IEEE 
Transactions in Medical Imaging, 23 (6), 514-525. 

 
2. Characterizing the Effects of Single Level Fusion on Cervical Spine Mechanics 

Approximately 25% of the patients who undergo anterior cervical fusion develop symptomatic degeneration 
at a motion segment adjacent to the fused site within 10 years after surgery.  It is an ongoing controversy 
whether this adjacent segment degeneration is due to the natural degeneration that occurs with age or if the 
degeneration is caused by the loss of motion at the fused motion segment, leading to stress in adjacent 
vertebral discs.  In 2013, our research team published a series of studies that characterized in vivo cervical 
spine mechanics following anterior cervical fusion.  A key finding from these short-term studies is that fusion 
does not appear to significantly affect adjacent segment kinematics (translations and rotations), but fusion 
does significantly affect adjacent segment arthrokinematics (the small movements between articulating 
surface) such as disc deformation.  
a.    Anderst W., Lee J., Donaldson W. and Kang J.  (2013) (PMCID 23515984).  Six Degree of Freedom 

Cervical Spine Range of Motion During Dynamic Flexion-Extension In Single-Level Anterior 
Arthrodesis Patients and Asymptomatic Control Subjects.  J. Bone Joint Surg. Am., 95(6), 497-506. 

b.    Anderst W, Baillargeon E, Donaldson W, Lee J, Kang J. (2013) (PMCID 23429677).  Motion Path of 
the Instant Center of Rotation in the Cervical Spine During In Vivo Dynamic Flexion-Extension: 
Implications For Artificial Disc Design and Evaluation of Motion Quality Following Arthrodesis.  Spine, 
38(10), E594-601. 



c.    Anderst WJ, Donaldson WF 3rd, Lee JY, Kang JD.  (2013) (PMCID 3686971).  Cervical Motion 
Segment Percent Contributions to Flexion-Extension During Continuous Functional Movement in 
Control Subjects and Arthrodesis Patients.  Spine, 38(10), E594-601. 
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3. Characterizing Normal Cervical Spine Kinematics During Dynamic Head Movements 

Prior to 2013, most of our knowledge of in vivo spine kinematics was based on sagittal radiographs obtained 
in static full-flexion and full-extension positions.  This data indicated that there is substantial variability in 
spine kinematics among individuals, making it difficult to identify “abnormal” spine motion that may be 
associated with age, injury, or pathology.  In an effort to better define “normal” spine kinematics during 
dynamic functional loading, we performed several analyses of spine kinematics in younger, older, and 
surgical subjects.  Our most recent manuscript provides mean and 90% confidence bands that define the 
range of “normal” continuous kinematic curves during flexion\extension, lateral bending, and axial rotation 
movements of the head.  These confidence bands will be a valuable resource for clinicians to asses 
kinematics in injured and symptomatic patients and for basic scientists to confirm that their mechanical 
loading systems move cadaver specimens in a physiologically accurate manner. 
a.    Anderst WJ. (2015) (PMCID 25798763).  Bootstrap prediction bands for cervical intervertebral 

kinematics during in vivo three-dimensional head movements.  J. Biomechanics, 48(7), 1270-1276. 
b.    Anderst W., Lee J., Donaldson W. and Kang J.  (2014) (PMCID 24210579).  Continuous Cervical 

Spine Kinematics During In Vivo Dynamic Flexion-Extension.  The Spine Journal, 14(7), 1221-1227. 
c.    Anderst WJ, Donaldson WF 3rd, Lee JY, Kang JD.  (2013) (PMCID 23540377). Cervical Spine 

Intervertebral Kinematics With Respect to the Head Are Different During Flexion and Extension 
Motions.  J. Biomechanics, 46(8), 1471-1475. 
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4. Novel Analysis of Joint Arthrokinematics 

I relied upon my background in joint mechanics and computer graphics to develop software to visualize the 
dynamic interaction between bone surfaces during functional movement (joint arthrokinematics).  This 
pioneering work, first published in 2003, has served as the basis for subsequent orthopaedic biomechanical 
studies in joint arthrokinematics.  The advantage of this analysis technique, in comparison to standard joint 
kinematics (i.e. joint translations and rotations) is that it reveals what is occurring at the articulating surfaces 
of the joint in terms of the location of cartilage contact and the sliding, rolling, and compression that occurs 
between cartilage surface.  It is these articulating surface interactions that are believed to be related to the 
development and progression of osteoarthritis.  The unique information revealed by joint arthrokinematic 
analysis has been demonstrated in a series of publications. 
a.    Anderst, W. J. and Tashman, S.  (2003).  A Method to Estimate In Vivo Dynamic Articular Surface 

Interaction.  Journal of Biomechanics, 36, 1291-1299. 
b.    Anderst, W. and Tashman, S.  (2009).  The Association Between Velocity of the Center of Closest 

Proximity on Subchondral Bones and Osteoarthritis Progression.  Journal of Orthopaedic Research, 
27(1), 71-77. 

c.    Anderst, W. and Tashman, S.  (2010).  Using relative velocity vectors to reveal axial rotation about the 
medial and lateral compartment of the knee.  Journal of Biomechanics, 43(5), 994-997. 

d.    Anderst WJ, Donaldson WF 3rd, Lee JY, Kang JD. (2014) (PMCID 24480943).  In Vivo Cervical Facet 
Joint Capsule Deformation During Flexion-Extension.  Spine, 39(8), E514-520. 

 
5. Identifying the Effect of ACL Reconstruction on Knee Kinematics 
Our initial studies with the biplane X-ray system used an animal model to assess the effects of ACL loss on 
knee kinematics and the development of osteoarthritis.  This in vivo longitudinal study demonstrated that knee 
kinematics and arthrokinematics change over time after ACL transection.  A subsequent human study showed 
that knee kinematics were not restored to “normal” following ACL reconstruction.  The clinical implication of this 
finding is that, although surgery allowed patients to return to sport, it did not restore normal joint kinematics, 
potentially leading to osteoarthritis.  This innovative research has led surgeons to focus on alternative surgical 



techniques such as “anatomic” ACL reconstruction that aim to attach the ACL graft closer to the original ACL 
insertion site.  It is believed that these more “anatomic” reconstructions will restore proper knee kinematics and 
reduce the incidence of osteoarthritis. 
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Medicine, 32(4), 975-983. 
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