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Introduction
• Sagittal pelvic kinematics are a 

complicated topic secondary to 
the numerous and 
heterogeneously defined 
radiographic variables and 
clinical conditions involved. 

• Observed hip motion is a 
composite of femoroacetabular 
and spinopelvic motion



Introduction

• Sagittal spinopelvic 
parameters include
o sacral slope (SS)

o anterior pelvic plane angle 
(APP)

o spinopelvic tilt (SPT)

o pelvic incidence (PI)

o pelvic-femoral angle (PFA)

o lumbar lordosis . 



Purpose:

• To perform a systematic review of studies evaluating 
the effect of pelvic tilt on hip joint contact forces and 
range of motion in patients with femoroacetabular 

impingement (FAI) and acetabular dysplasia. 

• We hypothesized that sagittal pelvic motion would 
be limited in patients with FAI while increased in 

patients with dysplasia



Methods

• Inclusion Criteria: Studies evaluating pelvic tilt on 
preoperativeh ip joint contact forces, 
biomecahncis, or range of motion in subjects 
with FAI or dysplasia. 

• Exclusion criteria: Studies focusing on 
arthroplasty, radiographic imaging, or clinical 
outcomes

• Studies graded for quality according to 
Methodological Index for Non-Randomized 
Studies (MINORs) and Risk of Bias in Non-
Randomized Studies of Interventions (ROBINS-I)



Results: Study Design and Quality Assessment

• 14 Studies included
o Two studies involving hip joint 

biomechanics in acetabular 
dysplasia, 12 studies evaluating 
FAI

o 4 studies evaluating 
biomechanical modeling and 
joint forces

o 4 studies evaluating simulated 
hip and pelvic range of motion 
on 3D-CT creconstruction

o 5 studies using in-vivo 
measurements of hip motion 
relative to pelvic tilt



Results: Hip Biomechanics in Dysplasia

• Increased anterior pelvic tilt in the standing 
position for dysplastic hips compared to a 
control population
o May confer additional hip stability while standing

• Femoral head coverage was lower and Von 
Mises Stresses were significantly higher with 
more posterior pelvic tilt in dysplastic subjects

• Hip joint maximum contact pressure was 
significantly higher in the standing position 
with more posterior pelvic tilt in dysplastic 
subjects Calculated femoral head 

coverage percentage (A) 
and Von Mises Stresses 
(B) in neutral, anterior, 
and posterior pelvic tilt 
reported by Hasegawa et 
al10.



Results: Effect of Pelvic Tilt on Hip Motion

• In FAI three studies 
evaluating the impact of 
pelvic tilt on hip motion

• All 3 found increasing hip 
range of motion with 
posterior pelvic tilt
o Decreasing hip motion with 

anterior pelvic tilt



Results: Effect of Pelvic Tilt on Hip Motion

• In FAI nine studies evaluated 
dynamic sagittal hip and pelvic 
motion during functional 
maneuvers

• During squat, FAI subjects had 
increased anterior pelvic tilt and 
lower total pelvic motion 
compared to controls

• FAI patients had more anterior 
pelvic tilt during weight bearing 
step down and high step but not 
with supine hip flexion

Loading Condition Walk Squat High Step Step Down

Supine Hip 

Flexion Sit to Stand

Author Motion Variable

Hip 

Motion 

(˚)

Pelvic Motion 

(˚) Hip Motion (˚) Pelvic Motion (˚) Pelvic Motion (˚) Hip Motion (˚) Pelvic Motion (˚) Active (˚) Passive (˚) Sitting (˚) Standing (˚)

Atkins Walking

Resting PT

FAI: 3.4; 

Control: 9.8*;

Change in  PT:

FAI:  -1.0; Control: 

4.4*

Bagwell Deep Squat
Hip Flexion

FAI: 106.6±14;

Control: 113±6.7

Anterior PT

FAI: 23.4±8.2;

Control: 12.5±17.1*

Bagwell Deep Squat, High Step

Posterior PT

FAI: 8.4±11.1

Control: 21.1±11.3 

Pelvifemoral Ratio FAI: 

0.26±0.1 Control: 0.49±0.1

Posterior PT

FAI: 15.9±3.7 Control:20.0±7.1 

Pelvifemoral Ratio:

FAI: 0.22±0.05;

Control: 0.30±0.12

Catelli Squat
Sagittal Hip ROMa

FAI: 88.6±23.5

Control: 103.8±10.6*

Pelvic ROMa

FAI: 7.2±4.1 Control: 

12.7±6.6*

Fader Sit to Stand

Sacral Slope:

FAI: 30±9;

Control:14±10**

Sacral Slope:

FAI: 42±9; 

Control: 37±5*

Lamontagne Squat
Sagittal Pelvic ROM 

FAI: 14.7±8.4 

Control: 24.2±6.8**

Lewis Step Downb
Hip Flexion*:

FAI Female:40.2±8.9;

FAI Male: 30.9±5.9;  Control 

Female:32.1±9.4 Control Male: 

29.2±9.9

Anterior PT*

FAI Female: 13.9±6.1; 

FAI Male: 6.1±4.4*; Control 

Female: 7.8±7.4

Control Male: 4.1±7.5*

Ng Walk, Squat

Sagittal hip 

ROM

FAI:  45±5;

Control: 

51±4*

Sagittal Pelvic 

ROM

FAI: 3±1;

Control: 3±1

Sagittal Hip ROM

FAI: 98±18;

Control: 109±11

Sagittal Pelvic ROM 

FAI: 11±4;

Control: 15±7

Van Houcke Supine Hip Flexion

Posterior PT

FAI: 12.5 (11.5-

13.6) Control: 9.1 

(8.2-9.9)**

Posterior PT

FAI: 10.5 (8.9-

12.1)

Control: 10.0 (8.7-

11.4)



Conclusions
• Hip joint stress is increased 

with posterior pelvic tilt in 
dysplastic patients, while 
increasing posterior pelvic tilt 
increases hip range of motion 
to impingement in patients 
with FAI. 

• During weightbearing 
exercises, the ability for FAI 
patients to posteriorly tilt the 
pelvis is restricted compared 
to a control population. 
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