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Background  
Spinopelvic alignment influences spinal fusion and hip replacement planning yet 
integrative biomechanical principles remain quantitatively elusive. This study models an 
acetabular component functionally within the postural system, determining 
individualized cup orientations in a novel fashion utilizing spinal pelvic tilt (PT) 
parameters, and quantitatively defines acetabular positional changes following spinal 
surgery. 

Methods  
Intrinsic spinopelvic mechanics of an implanted hemispherical component was studied 
using applications of a triangular construct consisting of pelvic and acetabular 
parameters. Utilizing Pelvic Incidence (PI), spinal Pelvic Tilt (PT), Pelvic Acetabular 
Angle (PAA), Pelvic Femoral Angles (PFA), in standing and sitting, normative sagittal cup 
Anteinclination (AI) angles were geometrically calculated. Corrections keeping cup AI 
and PAA optimally oriented for changes in PT and pelvic mobility were determined. 
Acetabular component angle changes resulting from corrective spinal PT and mobility 
alterations were derived. 

Results  
Cup position tilt adjustment of PT:AI occurs by ratio of 4°:1°, a 4° PI increase for any 
given PT angle also decreases AI 1°, termed “The Spinopelvic Rule of 4s”. The quotient 
(AI-PT) bridges the tilt and mobility sensitive cup relationships to the moving pelvis, 
through the equation, PAA=90-(AI-PT). These relationships revert to a new fixed 
anatomic PT:AI ratio of 1°:1° following component implantation, subsequent PT change 
by spinal procedures retrovert the cup AI 0.75° per 1° PT decrease from the new 
postsurgical optimal orientation. Additionally, in sitting 0.5° retroversion also occurs for 
each 1° of pelvic mobility lost. 

Conclusion  
Hip and spine surgery are biomechanically interwoven and quantifiable through sagittal 
plane angular functional relationships. Through understanding these conditional ratios 
of angular change between the hip angles PT, AI, and PAA, changes above and below the 
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pelvis can be fully integrated. This supports common risk planning algorithms to 
proactively address high-risk patients with dual disease from post-spinal fusion 
dislocations. 

Clinical Relevance   
Longer PT altering lumbar fusions, particularly crossing the sacrum, should be performed 
prior to THA due to the substantial alterations in pelvic tilt and mobility. When an 
acetabular component is present prior to multilevel spine fusions, its orientation should 
be analyzed during planning to assess risk and minimize postoperative posterior hip 
dislocations. 

INTRODUCTION 

It is important for both hip and spine surgeons to un
derstand the determinants of safe acetabular cup position 
as procedures in both specialties may substantially alter 
the orientation and stability of hip replacement compo
nents (Lazennec, Brusson, and Rousseau 2011; Esposito et 
al. 2015; Buckland et al. 2015; Esposito et al. 2018; DelSole 
et al. 2017; Heckmann et al. 2018; Buckland et al. 2017; 
Grammatopoulos et al. 2019; Bernstein et al. 2019; Inn
mann et al. 2022). Research has shown the functional be
havior of the hip joint is accomplished through integration 
between the hip, including the femur and acetabulum, and 
the lumbar spine as together they coordinate balanced pos
ture in different positions (Heckmann et al. 2018; Ferrero, 
Liabaud, Challier, Lafage, et al. 2016; Lazennec et al. 2004; 
Heckmann et al. 2021). The total hip planning paradigm 
was fashioned upon coronal anatomic reconstruction and 
until recently did not address the dynamic orientation of 
the components. Spinopelvic studies have correlated cup 
orientation with dislocation by measuring sagittal parame
ters associated with standing pelvic imbalance and mobil
ity abnormalities to a sitting pose (Heckmann et al. 2018, 
2021; Grammatopoulos et al. 2022). The biomechanical re
lationship of sagittal functional cup orientation to pelvic 
parameter measurements was described by Lazennec 
(Lazennec et al. 2004), the Anteinclination (AI) cup angle 
clinically developed by Dorr (Stefl et al. 2017), and recently 
geometrically modelled (Bodner 2022). The primary rela
tionship employs two horizontally referenced functional 
angles, the Sacral Slope of S1, (SS), and the sagittal AI 
cup angle (Kanawade, Dorr, and Wan 2014), to algebraically 
define an optimizable integrated hip-spine angle, the 
Sacroacetabular Angle, (SAA) (Lazennec et al. 2004) (Figure 
1). However, the hip joint and cup also share an intrinsic 
functional relationship to the vertically referenced spinal 
Pelvic Tilt, (PT), defined as the Pelvic Acetabular Angle, 
(PAA) (Bodner 2022). 
Spinal procedures addressing degeneration and defor

mity may alter both standing PT and functional pelvic mo
bility when correcting for sagittal imbalance from loss of 
lordosis in the lumbar spine, thus there needs to be a pro
tocol to analyze if spinal surgery correction will place a 
hip replacement at risk for instability. This addresses the 
decision tree as to the proper order of operation in hip-
spine patients, which has been based simply on clinical 
symptomatology or outcomes and not inclusive of under
standing the biomechanical effects of one operation on the 

Figure 1a. The geometric pelvic-acetabular construct     
with central triangle integrating acetabular angles       
Anteinclination (AI), Sacroacetabular Angle (SAA),      
Pelvic Acetabular Angle (PAA) to pelvic angles Pelvic         
Incidence (PI), Sacral Slope (SS), Pelvic Tilt (PT). The          
hip position is measured through the Pelvic Femoral         
Angle (PFA). The functional safe zone measure,        
Combined Sagittal Index, CSI, is defined as        
CSI=AI+PFA. Pelvic tilt (red line) change affects the         
spatial position of the center of the S1 endplate,          
mobility the length of the SS triangle side (blue line),           
each of which independently alter the AI cup angle          
(green line).   

other. The purpose of this investigation is to expand upon 
the existing sagittal cup planning methodology employing 
Sacral Slope sided calculations to define pelvic-cup me
chanics through the spinal PT and solely hip-based angles 
that integrate with spinal surgery planning principles, uti
lize these parameters in a novel fashion to determine a bio
mechanically optimum AI cup position, and provide quan
titative risk analysis for the potentially deleterious effects 
of spinal fusion surgeries on established THA cup posi
tions. Secondarily, we attempt to provide a common biome
chanical language for clinically relevant planning discus

From Our Perspective™…Why Total Hip Arthroplasties Dislocate After Spinal Fusion: Functional Mechanic…

Journal of Orthopaedic Experience & Innovation 2



Figure 1b. Sitting clinical postoperative lateral     
radiograph illustrating the complete construct angles       
described in   Figure 1 . The highlighted 62° critical      
angle (yellow) is the cup Anteinclination, AI (sitting         
range 55°+/- 10°). PI= 45.2, (90-PI)=44.7, SS=9.0,        
PT=36.6, SAA=71.2, PAA=64.0, PFA=127.1.     
SAA+PAA+(90-PI) the 3 corners of the triangle always         
equal 180°, SS+PT always equal PI, PFA+AI= CSI, the          
validated functional safe zone parameter replacing the        
Lewinnek zone, here 127.1+62.2=189.3, well above the        
published limit of 151 and mean value of 180°.          

sion between the two specialties (Chevarria, Douleh, and 
York 2021). Finally, we demonstrate the power of a geomet
rical sagittal hip-spine construct as a biomechanical tool 
and illustrate 4 applications addressing surgical spinopelvic 
related questions solvable with mathematical precision. 

METHODS 

This is a descriptive mathematical study of the sagittal 
plane functional mechanics of the spinopelvic postural sys
tem including a hemispherical acetabular component. The 
cup may be incorporated into the spinopelvic system using 
a triangular parameter construct created by combining 2 
known angular equations. Firstly, the pelvic parameters are 
related by the equation defining Pelvic Incidence, PI, a mor
phologic and functional descriptor of pelvic construction 
(Legaye et al. 1998). Algebraically, the constant PI equals 
the sum of the reciprocal functional parameters SS and PT 
as PI=SS+PT. The acetabular parameters are related by the 
equation defining the Sacroacetabular Angle of Lazennec, 
(SAA), as SAA=SS+AI (Lazennec et al. 2004). Superimposing 
these 2 equations on the sagittal plane of the pelvis reveals 
the central triangular structure, (Figure 1) connecting three 
points in space, the anatomic hip and S1 endplate centers 
and the SAA angle vertex at the intersection of the cup AI 
tangent line and the SS line (Bodner 2022). The 3 angles 
created inside this triangle are the anatomically fixed apex 
angle of (90°-PI), the SAA angle and at the hip joint itself, 
the Pelvic Acetabular Angle, (PAA), relating the AI cup an
gle to the PT angle in a similar fashion as the SAA relates 

Figure 2. Hip joint specific spinopelvic-acetabular     
angles. The cup AI, the planning angles PT, PAA and           
the combined hip flexion/extension angle PFA. PT and         
PI share the anatomically fixed line (red) connecting         
the centers of the hip axis and the S1 endplate, PAA            
describes the cup’s relationship to the PT through its          
complementary angle, PAA=(90-AI)+PT, alternatively,     
90-(AI-PT), utilizing the fundamental quotient      
bridging the cup AI angle to that of the moving pelvis.            
AI is the sagittal cup inclination angle composed of          
operative plane anteversion with an elliptical       
inclination contribution. An optimal stand/sit pairing       
for PI=60°, pelvic mobility 25° is shown with the 30°           
standing cup AI increasing to 55° sitting identically         
with the pelvic movement.     

the cup to the SS angle. In any individual, SAA and PAA be
have reciprocally just as their underlying constituents, SS 
and PT do. The hip joint combined flexion/extension para
meter, Pelvic Femoral Angle, PFA, is measured from S1 cen
ter to hip center then continuing parallel to the anterior 
femoral cortex towards the knee center (Ike et al. 2018). 

APPLICATIONS OF THE TRIANGULAR MODEL 

The integration of the pelvic parameters used in spinal 
surgery, PI, SS, and PT with the sagittal cup angle AI and 
the angular relationships of the cup AI to the SS (SAA) and 
to the PT (PAA) function as a tool to answer different spin
opelvic questions. This is accomplished by inserting the an
gular relationships between the parameters found in any 
physical situation, such as in the native pelvis where all the 
mobile parameters are fixed within the pelvic bone, thus SS, 
PT, AI, even the extraneous APP all move in a 1:1 fashion 
and PI is a constant. 4 different applications are shown in 
Figure 3 as the relationships in native anatomy, the nor
mative relationships for any PI value, the relationships for 
calculating a tilt adjusted AI cup position, and the relation
ships when spinal surgery repositions the pelvis with a pre
existing cup already in place. For simplicity, only the angu
lar ratios for parameters crossing the hip joint associated 
with the PT side of the pelvis are shown, novel development 
of PT based parameters is the focus of this work. 

NORMATIVE VALUES FOR PELVIC AND ACETABULAR 
PARAMETERS 

AI, SAA and PAA normative parameters have been adopted 
using linear equations describing normalized SS and PT re
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Figure 3. The four unique applications of the       
triangular construct considering solely the distinct       
hip-based ratios of angular change. Ratios are        
determined by parameters being fixed/mobile under       
the specific condition being studied.      
(1) In the native pelvis, all relationships are anatomically fixed and positional parame
ters PT, AI move 1°:1°. 
(2). Determining normative parameter values for changing PI angles requires an angular 
ratio describing the relationship of the pelvic parameters PI:PT, here 3:1, if PI increases 
by 6°, PT raises 2°. When SAA and PAA share an equal relationship to the cup AI angle 
this creates an isosceles condition and AI becomes discoverable algebraically. 
(3). For Individual cup tilt adjustment, PT and SS, PAA and SAA each become reciprocal, 
the cup AI passively altered +4°PT:+1°AI, the PAA and (AI-PT) quotient +4° PT:+3° 
PAA/-3° (AI-PT). 
(4). Once impacted, the cup forms a new anatomic relationship with the pelvis. Any 
changes to pelvic tilt from spinal surgery alters PT, and AI in a 1°:1° fashion. As in na
tive anatomy, PI, PAA, and (AI-PT) remain fixed constant angles creating discrepancy 
between optimal orientation pre and post spinal surgery. The lumbar lordosis conver
sion ratio is taken from Buckland et al (Buckland et al. 2015). 

lationships for any given PI (Bodner 2022). These equa
tions, SS=0.67PI+5 and PT=0.33PI-5 define that for every 
10° change in PI, a normal SS changes 6.67° and PT 3.33°, 
describing angular ratios of change as 3:2:1 for PI:SS:PT.. 
Normative values are defined when the cup shares an iden
tical angular relationship to both SS and PT. At this ori
entation, the triangle’s acetabular angles SAA and PAA be
come equal at (90+PI)/2 each, this balanced hip-pelvis state 
creating an isosceles form for the triangle. This value is 
valid for a static standing position and remains unchanged 
only when the pelvic mobility between standing and up
right seated postures is 25°. The resultant AI cup angle, the 
sole remaining unknown in the system becomes discover
able as a simple algebraic calculation using either SAA or 
PAA (Table 1). 

THE SAGITTAL PARAMETERS OF THE HIP JOINT 

There are 5 angles with their apices at the hip joint that 
may be analyzed for individualized cup planning or under

standing alterations caused by spinal realignment (Figure 
2). From superior to inferior, they are PT, (90°-AI), PAA, AI, 
and PFA. Involuntarily modulating PT represents the body’s 
main mechanism to balance the trunk and head as they in
cline forward with aging and deterioration (Barrey et al. 
2013; Diebo et al. 2015). PFA represents the collective ori
entations of the PT angle above and the femoral shaft angle 
below the hip center, it is intimately correlated to the trun
cal inclination parameter, the T1 Pelvic Angle, (TPA), thus 
PFA reactively counterbalances the sagittal spinal imbal
ance above the hip through flexion/extension of the joint it
self (Hasagawa et al. 2016). Adding the calculated AI to the 
PFA in standing and sitting gives the validated functional 
safe zone parameter for both acute and chronic dislocation, 
Combined Sagittal Index, CSI (Heckmann et al. 2018; Gram
matopoulos et al. 2022). PAA is algebraically the sum of 
(90-AI) + PT, the complementary angle to AI is necessary as 
a consequence of PT being vertically referenced. 

TRANSITION FROM SS BASED TO PT CALCULATION 

Functional cup positions have been determined by the spa
tial position of the pelvis in standing and upright sitting 
using SS angles measured at the S1 endplate (Kanawade, 
Dorr, and Wan 2014). Calculations are geometrically simple 
using the SS as it shares the horizontal reference with AI, 
(SAA=AI+SS). Determination using the PT requires employ
ing complementary angles including (90-AI), a constituent 
of the PAA, as again PAA=(90-AI)+PT. Rewriting the equa
tion, PAA=90-(AI-PT) uses the very same bridging cup to 
pelvis quotient as found in the SAA equation, SAA=PI+(AI-
PT). 
The quotient (AI-PT) represents a mathematical bridge 

between the surgically created cup AI angle and the mea
sured PT angle, linking a patient’s intrinsic pelvic morphol
ogy and postural compensations to a potentially ideal ori
entation for the cup. This model has shown a 1° change to 
PT alters an optimally planned AI target 0.25° to keep it op
timal, a ratio of 1:4, an increased PT gives an increased AI 
(Figure 3). Applying this ratio to the PAA equation solves 
that for +1° PT change, the PAA angle will increase 0.75°, 
as PAA reflects the cup’s relationship to the increased PT. 
SAA decreases reciprocally to preserve the integrity of the 
central 180° triangle. 
Employing PT, cup tilt adjustment is calculated for every 

1° the measured PT diverges from the normalized position; 
in similar fashion to coronal tilt adjustment performed for 
divergence from a neutral APP pelvic position. The ideal 
standing AI becomes discoverable by Standing AI= 
90-(PAA-PT). Finally, 90-(AI-PT) will confirm the individu
alized tilt corrected PAA angle and its reciprocal SAA angle. 

FUNCTIONAL MOBILITY EFFECTS ON ACETABULAR 
PARAMETERS 

Functional analysis utilizing the standing and sitting po
sitions requires optimizing the cup’s orientation to an in
dividual’s arc of pelvic excursion as measured by the delta 
pelvic mobility. Traditionally measured by the Sacral Slope 
change between standing and sitting, this excursion is 
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Table 1. Normative architectural values for all sagittal plane parameters based on a functional normative pelvic               
parameters relationship defined as SS=0.67PI+5, PT=0.33PI-5, a 3:2:1 ratio of angular change for PI:SS:PT. This                
creates an equal relationship between cup and the SS/PT values forming an isosceles triangle solving for both the                   
unknown SAA/PAA angles as (90+PI)/2 and AI as SAA-SS or 90-(PAA-PT). Whole number parameter ratios across                 
the table rows are 6:4:2:-1:3:-3 for PI:SS:PT:AI:PAA:(AI-PT).        

identical using PT change. Mobility has a direct effect on 
the AI, SAA, and PAA angles (Figure 4), the effect increases 
or decreases the cup’s arc of excursion in similar fashion 
to opening and closing a hand fan, a 1° change alters each 
end of the fan by 0.5° with stiffness raising the standing 
AI and decreasing the sitting AI. Geometrically, mobility of 
25° creates an isosceles triangle, the length of the modifi
able apex-SS side matching the anatomically fixed S1-hip 
center side. Stiffness shortens the SS side of the triangle 
from the equal isosceles length in both postures. Each 1° 
loss in mobility increases both the SAA and the standing 
AI angles 0.5° and decreasing the sitting AI 0.5°. Increased 
mobility has the opposite effect. Mobility effects are con
stant across all spinopelvic applications, whether calculat
ing for normative values or tilt adjusted cup positions using 
either SS or PT. 

RESULTS 

PT BASED CUP CALCULATIONS- RULE OF 4S 

Tilt adjusted AI cup positions based on preoperatively mea
sured PI and PT values are demonstrated in Table 2. The 
ratio of angular change between the cup AI and PT is iden
tical to using SS, 1° to 4°, the correction from normative 
values may be calculated either using the variance of mea
sured PT from the PI normal values or the PI variance from 
the PI for which that measured PT would be normal. This 
Rule of 4s defines when the PT value is 4° greater than the 
normative PT value for the measured PI, the ideal cup AI 

orientation will be 1° greater than the normative AI value, 
and as the PI for any measured PT increases 4°, the ideal 
cup AI decreases 1°. 

EFFECT OF MOBILITY ON CALCULATED AI CUP ANGLES 

Table 3 demonstrates the mobility adjusted AI cup angles 
for normative PT values for any PI. The normative values 
creating the isosceles triangle condition are those in the 
25° mobility row. As explained, a 1° increase in mobility 
will decrease the standing AI 0.5° for any PI and PT, a 6° in
crease in PI and 2° increase in PT will decrease the optimal 
AI 1° in standing. Mobility has the same effect on the AI 
value in the (AI-PT) quotient; for a given PT, a 1° increase 
in mobility lowers the AI 0.5° lowering this quotient by 0.5°. 
This results in increasing the PAA 0.5°, decreasing SAA 0.5° 
reciprocally. 

SOLUTION FOR TILT ADJUSTMENT OF THE (AI-PT) 
QUOTIENT 

The relationship between an ideal cup orientation and the 
changing pelvic tilt creates a quotient of (0.25-1) = -0.75° 
for each 1° increase in PT (Table 4). A 1° PI increase for any 
given PT value decreases (AI-PT) by -0.25°. This adjusted 
quotient may be subtracted from 90° to produce the PAA 
angle, or added to the PI angle to produce the tilt adjusted 
SAA angle. 
The full sequence of determining biomechanically opti

mal acetabular parameters, including cup AI, (AI-PT), PAA, 
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Figure 4. Case example of cup planning method and calculating effects of spinal intervention.             
a. THA planning algorithm: measurements on presentation, PI 60°, PT stand/sit 27/42°, PFA 196/129°, mobility-delta 15°. The variance from normative PI 60 values is 12° increased 
PT tilt and 10° decreased mobility. Calculating using Application 3 ratios- standing AI increases 3° (12 x 0.25) for tilt adjustment, +5° for mobility (10 x 0.5) to 38°, sitting becomes 
53°, (AI-PT) becomes 38-27=11° from the normative 15° (30-15°) and PAA becomes 90-11=79°. 
b. Effect of spine surgery with 5° PT correction: PAA, (AI-PT) are fixed in a neo-anatomic fashion at 79° and 11° (Application 4), mobile parameters now change 1°:1°, 1° tilt correc
tion retroverts AI 0.75° from the ideal 0.25° used in optimal cup planning. AI is lowered to 33/48° from 38/53° with the optimal cup orientation recalculated using Application 3 as 
36.75/51.75°, (AI-PT)=14.75° and PAA=90-14.75=75.25°. The surgical change retroverts the cup AI 3.75° from its new optimum, coincidently, -5° PT also retroverts the cup 3.75° in 
absolute radiographic plane anteversion. 
c. Additional effect of spine surgery decreasing stand/sit mobility from 15° to 9°: PT stand/sit becomes 22/31°, AI 33/42°. Recalculated optimal AI adds +3° to standing, -3° to sitting 
becoming 39.75/48.75°, the actual AI position is 6.75° retroverted to its new optimal (5° radiographic retroversion) In sitting, the cumulative AI effect of spine surgery is additive, a 
53° AI pre-fusion position altered to 42°, an 11° AI change (8° radiographic coronal retroversion) without consideration of further risk enhancement by compensatory femoral hyper
flexion. 

and the CSI using PI/PT/PFA preoperative measurements is 
illustrated in Figure 4, column A. 

EFFECT OF SPINAL RECONSTRUCTION ON CUP 
ORIENTATION 

After cup implantation, the SAA and PAA angles become 
immutably fixed, creating a neo-anatomic state, the fourth 
spinopelvic construct application (Figure 3(4)). All changes 
in PT tilt and mobility angles alter AI in a 1:1° fashion in
stead of the tilt adjustment 4:1° ratio employed in the opti
mal planning application. For an optimally implanted cup, 
a 1° decrease in PT then retroverts the cup AI 0.75° (~0.55° 
radiographic anteversion at inclination of 45°) in both the 
standing and sitting postures from the postoperative orien
tation to keep it optimal (Figure 4, column B). Likewise (AI-
PT) remains fixed, remaining 0.75° greater than ideal per 1° 
PT surgical decrease. Additional retroverting effect occurs 

sitting for each degree of stand/sit pelvic mobility lost from 
spinal fusions, magnifying this position’s risk. Each 1° loss 
in mobility retroverts the AI sitting position 0.5° from the 
ideal orientation, the combined effects of tilt and mobility 
are additive in sitting while tilt and mobility effects oppose 
in standing (Figure 4, column C). Thus, a 1° PT correction 
combined with a 1° loss of mobility retroverts AI 1.25° be
yond the new sitting ideal, (~ 0.9° radiographic anteversion 
loss). 

CASE EXAMPLE- STEP BY STEP CASE EMPLOYING THIS 
METHODOLOGY (FIGURE 4). 

COLUMN A- CALCULATION OF BIOMECHANICALLY 
OPTIMIZED CUP ORIENTATION 

1. Measure patient PI, PT, PFA stand/ sitting: PI 60, PT 
27/42, delta SS= 15°, PFA 196/129 
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Table 2. Tilt Adjusted normative Standing AI cup values by Pelvic Incidence at 25° Pelvic Mobility, illustrating                
the Spinopelvic rule of 4s. PT expresses a 4°:1° direct relationship to optimal AI cup orientation (columns), PI                   
4°:1° inversely at constant PT (rows).       

Table 3. Mobility adjusted Standing AI cup orientation at normalized pelvic tilt angles by PI. Mobility creates an                 
arc of excursion with a 2° change altering both the standing and sitting cup angles 1° in opposing directions.                    
Thus, as mobility increases the standing AI decreases (columns), PI:SS:PT:AI exhibiting ratios of change as                
6:4:2:-1 (rows).   

2. Compare PT standing to normative PT for PI 60: 27 vs 
15, a +12° PT variance 

3. Apply 4:1 Tilt correction: 

◦ +12° PT correction= +3° standing AI correction 
(Rule of 4s) from normative AI of 30°= 33° AI 
standing 
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Table 4. Normative tilt adjusted values for the bridging quotient (AI-PT) over the PI range. The quotient changes                 
in an inverse 3:4 ratio to the PT change. SAA and PAA change 3° reciprocally as PT changes 4°. It is the                       
combination of the 4°:1° PT:AI tilt ratio with the 2:1 mobility effect that quantitatively determines functional                 
cup adjustments from normative values.      

Stand- 38+196=234°, Sit- 53+129=182°, this cup is safe 
within limits. 

COLUMN B- EFFECT OF LOWERING PT 5° THROUGH 
SPINAL SURGERY: 

COLUMN C- EFFECT OF ADDITIONAL 6° LOSS OF PELVIC 
MOBILITY 

DISCUSSION 

Balanced postures are governed by control of the body’s 
line of gravity in the sagittal plane, requiring coordinated 
movements between the spine-pelvis-hip complex (Lazen
nec, Brusson, and Rousseau 2011; Dubousset 1994; Schwab 
et al. 2006). Positional changes to sit or bend require con
siderable mobility between these regions, accomplished 
through pelvic rotation about the hip joint, spinal shape 
change, and horizontal translations called shifts (Stefl et al. 
2017; Diebo et al. 2016; Ferrero, Liabaud, Challier, Lefage, 
et al. 2016; Lazennec et al. 2020). As functional awareness 
grows in both hip and spine surgery, it becomes crucial to 
develop a common language in which procedures on one 
side of the pelvis can be understood in terms of effects on 
the other. This is difficult with the sagittal standing prior
ity in spinal planning and the supine coronal plane para
digm in THA (Masquefa et al. 2015; Liu et al. 2019) APP-de
rived tilt adjustment in THA planning has been an accepted 
method of coordinating cup position to that of the pelvis. 

4. Mobility correction: 

5. CSI calculation: CSI=AI+PFA stand/sit. Standing limit 
<244° for posterior impingement, >151° for anterior 
impingement 

◦ (AI-PT) standing correction = -0.75 x 12= 9° 
Normative for PI 60= (30-15) =15° 15-9= 6° 

◦ 10° stiffness correction from neutral 25° to 
measured 15° dSS applies +5° to standing AI, 
-5° to sitting AI, +5° to (AI-PT). Therefore, the 
targeted AI becomes 38/53° stand/sit, (AI-PT) 
becomes 11° making SAA 60+11=71° and PAA 
90-11=79°. Sitting (AI-PT) confirms 
(53-42)=11°. 

6. A. PT lowered to 22° without mobility change. The 
cup AI lowers directly to 33/48° stand/sit. The opti
mal cup orientation for 22° PT should be 36.75/
51.75°, AI delta 3.75° in both postures. The net ef
fective retroversion of the cup is 0.75° lower AI than 
ideal for every 1° PT is surgically decreased, (0.55° 
coronal plane anteversion), the cup has been retro
verted 3.75° surgically and is now 2° retroverted to 
its coronal ideal. Once implanted, (AI-PT) remains 
constant as cup and pelvis now move 1:1. 

7. The cup AI becomes 33/42° stand/sit. The optimal 
orientation should be 39.75/48.75. In toto, cup AI 
has been altered from initial AI 38/53 ° to 33/42 by 
the combined spinal surgery effects, 5 and 11° of AI 
retroversion change, a coronal sitting anteversion 
loss of approximately 8°, and 5° of coronal retrover
sion from its new ideal cup orientation. 
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Intrinsically however, these relationships are quantitatively 
defined by the equations for the SAA and PAA angles, de
termining a functionally constant optimal angular relation
ship of a hemispheric cup to measured or predicted SS and 
PT values respectively. Postural control has been shown to 
be modified through PT and PFA, the latter highly corre
lated with the spinal T1 Pelvic Angle of truncal inclination, 
(TPA), and PT is an important parameter within corrective 
spinal planning (Lafage et al. 2009; Protopsaltis et al. 2014). 
The quotient, (AI-PT) represents a bridge between the tilt 
and mobility sensitive cup orientation and the functional 
morphology and orientation of the pelvis, adding (AI-PT) 
to the PI produces SAA or subtracting it from 90° produces 
PAA. The key biomechanical concept is the angular ratio of 
the cup change to pelvic position change differs when plan
ning to place a component freely into the pelvis than when 
it moves within the pelvis after it is implanted. Acetabu
lar implantation creates new fixed anatomic relationships, 
functioning as the adjacent segment to the lumbar spine 
and sensitive to subsequent spinal surgical changes alter
ing pelvic tilt and/or mobility. In a sense, spinal surgery can 
create an unwitting THA revision of cup orientation and 
function. 
This triangular model allows individualized AI cup cal

culation through either the SS or PT value, alterations from 
normative values derived by the tilt adjustment rule of 4s, 
4° of SS or PT change will alter an ideally placed cup 1° 
in both standing and sitting, with mobility’s 2:1 effect of 
2° alteration changing standing and sitting AI each 1° in 
opposing directions. For determining optimal cup position, 
working through the SS value is simpler geometrically as 
AI and SS are both measured from parallel horizontal refer
ence lines. But it is the PT value that integrates the hip to 
the gravity management system, which can be directly used 
to determine effects on cup position of spinal procedures. 
The hip joint is the pivot point for postural pelvic com

pensatory rotation, the pelvis rotating back adjusting for 
truncal inclination after which femur and knee flexion can 
be recruited (Barrey et al. 2011; Lazennec, Brusson, and 
Rousseau 2013). Anterior pelvic rotation is typically caused 
by hip flexion contractures. The sum of these compensa
tions may be measured through the PFA hip joint angle as it 
includes both the PT above and the femoral angle below. A 
high standing PFA indicates a hyperextended hip, a low sit
ting indicates a hyperflexed hip, the spinopelvic risk factors 
for THA impingement leading to instability (Heckmann et 
al. 2018; Grammatopoulos et al. 2019). The CSI, (AI+PFA), 
describes how safe optimal cup orientation may be deter
mined through hip-based angles, avoiding impingements 
from improper cup orientation while including the non-
modifiable spinopelvic state (Tezuka et al. 2019). This 
analysis supports prior work recommending sagittal plane 
workups in any patient with history of back pain or surgery 
(Vigdorchik et al. 2019; Grammatopoulos et al. 2023), pro
vides a method of personalized cup orientation based on 
a patient’s individual biomechanics and provides a basis 
for development of predictive models for spinal fusion risk 
as this could provide improved indications for pre-fusion 

higher constraint acetabular components in at risk primary 
THA patients. 
Discussion regarding sequencing the proper order of op

eration in patients requiring hip and spine procedures has 
been framed by the presence of neurological symptoms, 
flexion contracture, and primary location of pain, there has 
not been a biomechanical basis to fully interpret the effects 
or warn of postoperative hip instability following spinal 
procedures (Malkani et al. 2019; Parilla et al. 2019). Using 
AI and the SAA/PAA, the effects of lordosis restoring PT re
duction on AI cup orientation become quantitative. Spine 
surgery decreases PT and reduces the mobility of the lum
bosacral articulation, both retroverting an implanted cup 
and increasing the sitting position impingement risk. This 
PT tilt adjustment retroverts a cup AI 0.75° from ideal for 
every degree the pelvis is repositioned compounded by any 
mobility loss leaving the sitting cup AI another 0.5° retro
verted for every lost 1° of mobility. However, repositioning 
an overly anteverted cup in standing may actually improve 
the construct orientation. 
These findings have significant clinical ramification, 

particularly for spine surgeons planning longer segment 
lordosis producing spinal fusions (changing spinal tilt) and 
those crossing the lumbosacral junction (producing pelvic 
stiffness) in patients with preexisting hip replacements. 
The sitting position retroversion produced may destabilize 
a hip that has lower preexisting anteversion, this can be 
analyzed preoperatively through a sitting lateral view of 
the pelvis. AI cup angles near the established sitting lower 
limit of 45° (Tezuka et al. 2019) can stimulate a discussion 
with the patient or referral to a hip surgeon to discuss risk 
associated with THA instability. Additionally, if a signifi
cant change in PT or multilevel fusion planned, this should 
be performed prior to a hip replacement and then the hip 
planned based on the restored pelvic position and residual 
mobility measures. Integrated planning software automat
ing the risk analysis is the possible future application of 
this analysis. 
The limitations of this analytic model lie in its assump

tions and theoretical nature. The adopted equation for the 
pelvic parameters produces SS/PT values within 1° of pub
lished equations derived in spinal literature for the stand
ing position (Bodner 2022). The 25° mobility neutral point 
defies explanation mathematically but the AI cup positions 
produced mirror those published by multiple authors 
(Tezuka et al. 2019; Grammatopoulos et al. 2023). Clinical 
studies specifically validating this planning algorithm are 
needed, however due to its sub-1° accuracy, assistive tech
nology would be essential to achieve this type of precision. 
In conclusion, spinopelvic relationships linking spine 

and hip planning parameters may be integrated through 
geometric representation of the pelvic and acetabular an
gles. Biomechanically optimal cup orientation may be de
termined using either the SS or PT angles, and geometry 
allows understanding the differences between planning for 
cup position and the effects of changing the orientation of 
a fixed cup’s position through spinal surgery. Though cup 
planning is simpler using SS values, it is through the PT 
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side and quotient (AI-PT) that a direct relationship between 
the functional influences of the two specialties intersect. 
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