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Outline

=Understand Pelvic Position and the relationship to Acetabular
Position

=Barry Algorithm for Cup Positioning
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Don’t Be This Guy Today




WHAT IF TOLD YOU

A Way Without Classifications or Measurements

OLRQhOISJ)LSIIJ(LSIand_Spln&Eﬂms

UGCsr


Presenter Notes
Presentation Notes
That’s what we call a tease
There will be numbers on here – IGNORE THEM – JUST FOLLOW THE TRAIN OF THOUGHT!




Presenter Notes
Presentation Notes
Don’t worry about reading everything – just follow along with me


Why is Spine a Topic of Every Meeting ——i®
=Alternative Topics © Exactech

* Poly wear (solved)

* CoCr issues (solved)
 Anterior vs Posterior hips (solved)

] Posterior hips do just as well!!!
* Infection (never gonna solve)

=| et’s talk about the spine!!

surgeons

» Admittedly has led to improved biomechanical understanding

UGCsr
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The Stable (Native) Hip Joint

= Enarthrodial ball and socket joint
» Inherently stable

« Bony congruity

« Labrum

« Capsulo-ligamentous complex
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Presenter Notes
Presentation Notes
Before we get into some of these interaction and issues lets talk about the anatomy of the hip, pelvis and spine


Human Pelvis and Hip Joint

= Evolved to allow upright bipedal ambulation and still be able to birth
large brains



Presenter Notes
Presentation Notes
Even though orthopods sometimes get the rap as the knuckledraggers of medicine we walk upright too.  A huge deal of the evolutionary changes that allow for bipedal ambulation occurred around the proximal femur, pelvis and lumbar spine. 

Humans need more hip extension than apes, we need to allow for more efficient vertical load transfer through spine to pelvis then the femur, still need to be able to run and sit and do a multitude of functional positions.  And still need to have giant baby heads be able to fit through during birth.  So its evolved to be less vertical, have more superior and anterior acetabular coverage and be wider to help support the organs while upright.



Pelvic Terms

=Measurements inherent to
pelvic anatomy

* Pelvic incidence

*Dynamic / positional /
functional measures

 Pelvic tilt, sacral slope,
lumbar lordosis

 Acetabular anteversion
and inclination
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Presenter Notes
Presentation Notes
In order to describe the pelvis there are a few terms that are going to be important and most of the residents should have at least been exposed to these even if you can’t remember how to measure them.  A important distinction between these though is that some measurements are static and inherent to an individual anatomy (the biggest one being pelvic incidence) while most other measurements are dynamic and describe the positioning of the pelvis.  This includes things like pelvic tilt and sacral slope but interestingly you may not have thought about it like this before but also acetabular anteversion and inclination are positional measures.


Pelvic Incidence

» Fixed in maturity - Increases during development

= Measure of individual pelvic anatomy

Low PI High PI

Eur Spine J (2014) 23:1433-1441
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Presenter Notes
Presentation Notes
Pelvic incidence is measured by an angle from the perpendicular of the sacral endplate to the center of rotation of the femoral heads.  It is generally around 50degs and increases during growth.  Again I’ll stress it’s a static measure of anatomy that does not change. Generally speaking, all else being the same, the higher the PI the more vertical your sacral enplate is going to be when standing as you can see on the picture here on the right. Patient with low PI has a relatively horizontal sacral endplate compared to the patient with a high incidence have a more vertical endplate.  What the shadow is trying to show you is this is a mobile unit so the orientation of the endplate can change but that is pelvic tilt NOT incidence that is changing.


Pelvic Incidence (fixed) Sets Lordosis

= Sets the base of the spine

Low PI High PI



Presenter Notes
Presentation Notes
Like we just saw the PI is defining the position of your axial skeleton’s base.  The higher the PI the more vertical.  This value is going to drive your natural lordodic curve of the lumbar spine as the lumbar spine has to pull the torso back over the pelvis.  The higher the PI the more lordosis you need to get back to center and we know that in a balanced spine these angles are within about 10deg. 
A little forshawdowing here but if you lose lordosis and your PI is set and unchanging then in order to get back upright you have to compensate elsewhere.  You can’t just reduce your pelvic incidence.



Work What Your Momma Gave You
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Your momma gave you your
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Pelvic Tilt — Positional Parameter

*Spine measurement
* Normal ~13deg

*Arthroplasty measurement —
ASIS to symphysis

* Look at anterior pelvic plane
e ~zero normal



Presenter Notes
Presentation Notes
Both are describing same phenomenon just different reference points
But makes reading these papers fun and confusing


*PELVIC TILT CAN BE APPROXIMATED ON AP IMAGE#**

MORE INLET = ANTERIOR TILT MORE OUTLET = POSTERIOR TILT
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Cartoon https:/ /www.rjmtherapy.co.uk/what-is-anterior-and-posterior-pelvic-tilt/
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The pelvis was meant to tilt



Presenter Notes
Presentation Notes
Elvis and then MJ and then Shakira all taught us that.


The pelvis was meant to tilt

» Standing to sitting: PT increases (roll
back)

» Opens up cup to allow legs to flex up
without impingement

»Lying down PT decreases (roll forward)
» Coverage against anterior instability

 Important in DA surgery positioning!

»Changes in PT increase safe functional
range of motion without impingement in
native hip

Video From Dr Lawrence Dorr - USC


Presenter Notes
Presentation Notes
It was really hard to find a PG version of Shakira…

***With normal activity the pelvis moves.  In sitting the pelvis retroverts (PT increases)

Remember to think of PT as position of sacrum relative to hips – as they move behind PT increases
On left low PT  - standing or lying need to be anteriorly tilt to avoid impinging posteriorly with leg extension (this is what the apes and monkeys can’t do well)
On right high PT – sitting – hips flex up and to avoid impinging have to have hips open up


Ettect of Stiff Spine

» Stuck Sitting — pelvis already retroverted — can’t roll forward when standing and can get
impingement in extension (anterior instability)

» Stuck Standing — pelvis neutral and can’t roll on sitting — risk anterior impingement
(posterior instability



Presenter Notes
Presentation Notes
Standing can cause anterior instability issues
Sitting can cause posterior instability issues


Connection of Tilt and Acetabular Position




THE DEFINITION AND MEASUREMENT OF
ACETABULAR ORIENTATION

D. W. MURRAY

» Typically anteversion refers to “operative” anteversion

» How much you raise your hand from longitudinal axis



Presenter Notes
Presentation Notes
Operative anteversion is relative to longitudinal axis of body comparted to anatomic which is relative to transverse axis – CT gives est of anatomic anteversion on cross sections


Operative Anteversion

» Hard to measure radiographically so surrogates are used
(and abused...)

e Anteinclination

Estimates based on major and minor diameters on an AP
— Ackland

Projection anteversion

Anatomic anteversion (CT)

Lateral anteversion
Acetabular tilt

!

Version — Edge
\ Yetection Software

5
“Version 16.7°

=All are positional!

Inclination — Horizontal

Inclination 40.0° Reference



Presenter Notes
Presentation Notes
Operative anteversion is one of those things that took a long time for me to truly get a handle on.  Its version in the plane of the longitudinal axis of the body but because the cup 3d it can’t be measured off a 2D image unless the inclination is 0.   Because of this a lot of surrogate measurements have been developed and of course no one uses the same way more than once it seems.  Most are some variation of the two I have shown here.  In our heads we intuitively start to estimate the Ackland method when analyzing AP radiographs of hips but there is a formal calculation you can use based on the major and minor axis thas is visible.  Anteinclination aka acetabular tilt aka lateral anteversion is actually influenced by version and inclination but is also often used.
All these measurement are positional and I’m going to use them interchangeable and just call them anteversion for the sake of simplicity.


Courtesy Doug Padgett MD - HSS


Presenter Notes
Presentation Notes
So we now think we have a safe zone target – may be incredibly small but we have one.  Except for one thing – we are using a positional measurement as if its an anatomic measurement….
Here a video from the HSS group demonstrating just how much a perfectly positioned component can change over a range of pelvic tilts.  You can see it all the way through the safe zone and out both sides 


Acetabular Position Changes with Pelvic Tilt
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38°/10° 40°/20°

Image from Doug Dennis MD


Presenter Notes
Presentation Notes
On left you see the pelvis tilted forward (a negative spinal PT or anterior arthroplasty tilt) – essentially no version
On right a posteriorly tilted pelvis (high spinal PT or posterior arthroplasty tilt) – way overly anteverted


Pelvic/Spine Summary

= Pelvis and spine moves depending on functional position
= Stiff spines can be stuck in various tilted positions

= Acetabular position is a function of pelvic position and tilt

= What isn’t here... clinical implications!!!!



Presenter Notes
Presentation Notes
What isn’t here – clinical implications – purely descriptive at this point in the literature


Copwright 197H by T Fouwrna! of Bone and foine Surgery, facosmirord

Dislocations after Total
Hip-Replacement Arthroplasties”

BY GEORGE E. LEWINNEK, M.D.T, JACK L. LEWIS, PH.D.f, RICHARD TARR, M.5.1, CLINTON L. COMPERE, M.D.,
AMD JERALD R. ZIMMERMAMN, B.S-#. CHICAGO, ILLINOIS

From the Northwestern Memovrial Hospital, Chicago

= O dislocations
= Defined a safe zone
* 40 +/- 10° inclination

* 15 +/- 10° anteversion

= 1.5% dislocation rate in safe zone
= 6% dislocation rate out of safe zone

» Orthopaedic gospel set by 3 cases you should
ignore and 6 cases you should listen to

= NO CONCEPT OF PELVIC POSITIONING OR
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Presenter Notes
Presentation Notes
This paper is what basically every cup positioning talk refers back to.
Published in 1978 there is no way this would make it through any peer review process today but it estabilished what has really become orthopaedic gospel.  


Anteversion on Y-axis; Inclination on X-axis


Summary of 1882 Papers on Spine and Hip Clinical Outcomes

»Bad spine = more risk for problems after THA




How does this impact what I should do?




Who’s At Risk.... (taken from AAHKS FOCAL lecture)

the acetabular component in pat

undergoing total hip arthroplasty

Aims

It i snportant to consider sagittal peivic rotation when intreducing the acetabular compo-
nent at total hip arthroplasty (THAL The purpose of thiz study was to identity patients who

ame at risk of ynfavourable pelvic mobility. which could result in poor outcomes after THA

Patients and Methods
A coraecutive sevies of 4042 patients undergoing THA had Lateral functional radrographs and
8 low-dose CT scan to measure wpioe pehvic tilt, pelvic incidence, standing pelvic tilt, flexad-

seated pelvic tilt, standing lumbar lordotic angle, fexed-seated lumbar lordetic angle, and - =

hambar fiexion. Changes in peivic tit from supine-to-standing potitions and supine-to-Hexed-
ua!,ed oc..ﬂnm were ddum-ﬂed A el ruru;e-n pehnc tile ai l!"bet“unmmwas

Standlng Posterior 4. Lumbar Flexion < 20°

PT>10° Have Significantly

PT Change Supine - Higher Dislocation Rates
Standing <-13° 5. Advanced Age >75 Yrs
PT Change Stand >  _ Especially In Females
Seated > 20° B e s oS e

® PAPERS FROM THE INTERNATIONAL H ,
=~ Risk factors for increased sagitt:
- motion causing unfavourable ori Ihe Journal of Arthroplasty
il homepego: w

*mary Arthroplasty

lota! Hip Arthroplasty in the Spinal Deformity Population: Does @ o
o0 Degree of Sagittal Deformity Affect Rates of Safe Zone Placement,

nstability, or Revision?

Edward M. DelSole, MD °, Jonathan M. Vigdorchik, MD, Ran Schwarzkopl, MD, MSc,

Ihomas J. Errico, MD, Aaron ). Buckland. MBBS, FRACS

e, WYL/ Laegonse Midiced Conter. New Wk, Mew Yok

ABSTRACT

6. Severe Sagittal Spinal
Deformity (Pelvic
Incidence - Standing LL
Mismatch > 20°) Have
Dislocation Rate Of 8%

29
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Preoperative x-rays evaluation:
Standing AP pelvis
- Standing lateral lumbopevic
complex
- Sitting lateral lumbopelvic complex

= !
455 from standing to sitting
Hypermobile
Reduced anteversion: 15-20 Neutral Stiff
Reduced inclination 35-40 Increased Anteversion
Dual Mobility

Figure 1. Recommendation of cup placement algorithm, based on Stefl et al. [56].

«Stuck standing» (55>30°)

Anteversion: 25°
- Inclination: 45-50*

Risk of anterior impingement - posterior

dislocation

Lipped liner or Dual-mobility

«Stuck sitting» (55<30°)

urnal of Arthroplasty 37 (2022) S540—5545

Explanation of
Pathology

Treatment
Recommendation

Normal Anatomy and
Normal Mobility (APP
similar to FPP)

Target 20°-25° anteversion
from normal anatomy
(to the APP)

Stiff spine, needs more
anteversion relative to the
APP which is similar to the

Target 30° anteversion on the
standing AP Pelvis (to the
FPP). Note the higher target
due to the stiff spine to protect
from a posterior dislocation.

Be aware the FPP is
different than the APP
(posterior pelvic tilt from the
spinal deformity causes more
functional cup anteversion)

Target 25°-30° anteversion
on the standing AP Pelvis
(to the FPP)

2B*

Flatback deformity
(PI-LL>10°)
Stiff Spine
(<10°change in Sacral Slope
from stand to sit)

FPP is different than the
APP and a stiff spine, so you
need more anteversion, but
be aware of the reference
because the spinal deformity
will cause more functional
cup anteversion

Target 30° anteversion on the
standing AP Pelvis (to the
FPP). Note the higher target
due to the stiff spine to protect
from a posterior dislocation.

Fig. 1. Explanation of Hip-Spine Classification and corresponding treatment recommendations. FPP, functional pelvic plane; APP, anatomic pelvic plane.
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Barry “Algorithmic” Approach to Spine Patient

1. Preop standing AP pelvis (define functional plane)

2. Antevert cup from the functional plane (match the tilt)

« 20-25 deg for anterior approach
« 25-35 deg for posterior approach

32




Barry “Algorithmic” Approach to Spine Patient

*** Exception in primary posterior hips:

» Long segment fusion to pelvis (>3 levels) consider DM

» Uncoordinated frail grandma scares me way more than yoga instructor

33




I’'m going to say the same thing
but make it more confusing

C5. Sicat et al. / The Journal of Arthroplasty 37 (2022) 5540-5545

Growp Classification Explanation of Treatment
Pathology Recommendation
Nosimal Alguanent Normal Anatomy and Target 20°-25° anteversion
1A Normal Mobility Normal Mobility (APP from normal anatomy
similar to FPP) (to the APP)
Normal Alignment Stiff spine, needs more Tm;mﬂw;;féua:?h?e
1B Stiff Spine anteversion relative to the Fﬁg the high
(<10° change in Sacral Slope | APP which is similar to the ) AEERAS
from stand to sit) FPP dg:)to the snﬂ"spmie SRR
m a posterior dislocation.
Be aware the FPP is
Flatback deformity different than the APP Target 25°-30° anteversion
2A (PI-LL>10°) (posterior pelvic tilt from the on the standing AP Pelvis
Normal Mobility spinal deformity causes more (to the FPP)
functional cup anteversion)
FPP is different than the
Flatback deformity APP and a stiff spine, so you | Target 30° anteversion on the
(PI-LL=107) need more anteversion, but standing AP Pelvis (to the
2B* Stiff Spine be aware of the reference FPP). Note the higher target
(<10°change in Sacral Slope | because the spinal deformity | due to the stiff spine to protect
from stand to sit) will cause more functional from a posterior dislocation.
cup anteversion

Fig. 1. Explanation of Hip-Spine Classification and corresponding treatment recommendations. FPP, functional pelvic plane; APP, anatomic pelvic plane.

1. Preop standing AP pelvis (Functional position)

2. Antevert from the functional position
« 20-25deg for DA,
* 25-35deg for posterior

Classification made for posterior approach

Barry Algorithm fits into every category!
(25-35deg anteversion for posterior hips
to standing AP Pelvis)



Presenter Notes
Presentation Notes
Made an entire career publishing on this and confusing the shit out of people.  What is the end result? What I’ve been doing since day 1…..


Jett, you said there was no measurements. 20-25 or

25-35 how do I calculate or get there? What gives?



Math to 1 gnore

Radiographic Anteversion (AV)

36

90° -

80°

70°

60°
50°

40° -

30°

20°

10°
OU

A Simplified Method to Determine Acetabular Cup
Anteversion From Plain Radiographs

Karl-Heinz Widmer, MD, Dipl Ing (TU)
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Table 1. S/TL-Ratio Versus Radiographic Cup
Anteversion on a Plain Radiograph Centered on the
Symphysis for 40°, 45°, 50°, and 55° Cup Inclination*

Radiographic Cup Anteversion

Cup Inclination

S/TL

S/TL 40° 45° 50° 55°
4.2° 4.5°
5.2° 5.5°
6.3° 6.6°
7.4° 7.7°
8.4° 8.7°
9.5° 9.8°

10.6° 10.8°
11.6° 11.9°
12.7° 13.0°
13.8° 14.1°
14.9° 15.1°
15.9° 16.2°
17.0° 17.3°
18.1° 18.4°
19.2° 19.5°
20.3° 20.6°
21.4° 21.7°
22.5° 22.8¢°
23.7° 23.9°
24.8° 25.1°
25.9° 26.2°
27.1° 27.4°
28.2¢° 28.5°
29.4° 29.7°
30.6° 30.9°
31.8° 32.0°
33.0° 33.3°
34.2° 34.5°
35.4° 35.7°
36.7° 37.0°
37.9° 38.2°
39.2° 39.5°
40.5° 40.8°




Anteversion from Projection

SET FUNCTIONAL PELVIC PLANE 15.9 mm

(Imager)

(MATCH STANDING AP INLET/OUTLET APPEARANCE)

Anterior Approach
Solid to Open 50/50 — 1:1

= ~23deg anteversion

Posterior Approach
Solid to Open 33/66 or 1:2

= ~32deg anteversion i 18.3 mm
~ (imager)* 35.4 mm

(imager)
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Why This Works!!!!

Instability is not JUST cup position

» Component(S) position — femoral version matters as
much as cup

* Impingement source

—USUALLY SOFT TISSUE OR TROCH ON PELVIS
NOT NECK ON CUP!!!

* Anatomy restoration

» Other (spine, muscle quality, abductor insufficiency,
FNF or AVN, dementia)

« Approach

39



Approach and Instability

=DAis not DAis not DA....
—PRESERVE THE POSTERIOR CAPSULE AND ITS HARD TO COME OUT THE BACK!!
= DON'T do inferior episiotomy
—Repair anterior capsule
—Minimize femoral releases (table is your best instrument)

—Recreate native offset

—Anterior positions of instability are unnatural

40



Approach and Instability

=Posterior approach
— Template to restore anatomy

= can augment with robot or navigation if not confident

—Trial to determine instability sources
= Troch vs hypertrophic capsule vs thigh on belly vs implant impingement (RARE)

—Repair posterior capsule when able

—Intraoperative xray MATCHING STADNING before finalizing cup

41



S
DA Advantage = Fluoro Advantage!!!

NOTE** if not a
vascular style digital c-
arm center your carm
over the area of
interest (ie cup during
insertion)

* Match fluoro plane to standing view (add ~10deg
outlet) (Roettes JoA 2018)

» Center over the cup to avoid parallax in old carm
— Square intensifier = vascular = no parallax
— Round intensifier = parallax susceptible

— (test with metal rod if not sure)

» 50/50 Open/Closed in the functional positional

iﬂ?,@mmm b
(imagen)



Presenter Notes
Presentation Notes
Tuck cup under the lip but shooting for 10-20deg anteversion on that functional standing view






Conclusions

= Acetabular position is a dynamic measure based on pelvic position

» Standing AP Pelvis tells you all you need to know about the spine
« FUNCTIONAL PELVIC CUP POSITIONING (and anterior approach) will keep you safe

= Intraop Targets based on the FUNCTIONAL POSITION (Standing AP Pelvis Match)
 Anterior — 50/50 cup
» Posterior — 66/33 cup

= Anterior surgeons — go back to ignoring spine
» Posterior surgeons — go back to ignoring spine (except when you see lots of hardware)

* DM judiciously




1958 mm

(imagen)

STANDING
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