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Abstract 
 

The spine, pelvis, and hip are three anatomic structures that tightly interact to create spinopelvic mobility and harmony. 
Orthopaedic surgeons, both spine and hip specialists, must have a complete awareness of this concept. Recently, the literature has 
placed great emphasis on paying attention to these parameters in the preoperative planning of the total hip arthroplasty (THA). We 
could distinguish between balanced and unbalanced pelvis and spine with spinopelvic parameters and therefore, we could 
diagnose the spinopelvic stiffness that is important in preventing complications following THA. This review briefly introduces the 
importance of spinopelvic parameters and their critical role in THA outcome. Treatment algorithms are also provided based on the 
most recent studies. 
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Background 

Recently, spinopelvic mobility has been considered by 
the literature which is necessary for normal posture and 
movement (1-5). In patients with balanced and normal 
mobility spine, distinctive changes of spinopelvic sagittal 
parameters are expected. This adaptation that occurs from 
standing to the sitting position always happens even with 
abnormal baseline parameters (6) (Figure 1); typically, 
sacrum moves posteriorly, lumbar lordosis (LL) decreases, 
and acetabular anteversion (AA) increases (7). The hip is 
involved in part of the movement in combination with the 
pelvis and spine. The bending of the hip is about 55-70 
degrees, posterior tilt of pelvis increases to 20 degrees, and 
the LL decreases approximately 20 degrees (2). 
 

 
Figure 1. The changing in spinopelvic parameters from standing to sitting 

Similarly, the posterior tilt of the pelvis influences the 
sacral slope (SS) and reduces it in the same amount (3), 
and each degree of rearward movement of the pelvis 
[pelvic tilt (PT) increase] results in a 0.7°-0.8° AA increase 
(8, 9). In changing the position, these parameters change 
in relation to each other, making the spinopelvic 
movements. It is crucial to be aware that the spinopelvic 
parameters are dynamic and change in different positions 
to ensure movement and posture. Spinopelvic mobility 
has important effect on the hip joint motion and it is 
important to address the spinopelvic motion and 
parameters in preoperative planning of total hip 
arthroplasty (THA). The literature had an great emphasis 
on the spinopelvic motion and diagnosis of any 
spinopelvic abnormality such as stiffness, dislocations, 
and balancing (10). This review briefly introduces the 
importance of spinopelvic parameters and their critical 
role in THA outcome. Treatment algorithms are also 
provided based on the most recent studies. 
THA and Spinopelvic Mobility 

The spinopelvic mobility is influenced by degeneration 
of the hip joint or spine or spinal fusion surgery (11). There is 
increasing degenerative disease with aging in developed 
societies with concurrent hip and spine degeneration in 
many people, called hip-spine syndrome (12). THA was 
performed for many patients with lumbar fusion (13, 14). 
Spinopelvic mobility is mandatory for acetabular functional 
orientation in THA surgery. Spinopelvic mobility and 
implant position should be given essential attention before 
the THA to achieve acceptable outcomes and avoid 
complications following the surgery (15). Regardless of 
recent progression of THA outcome, dislocation and 
instability after THA remain a significant concern. 
Abnormal spinopelvic parameters could give us a logical 
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clue to find out these complications with unknown 
etiology. It has been proved that the dislocation rate is 
higher in THA patients with concurrent lumbosacral 
problems, as high as 7.5% in 2-year follow-up (16). In 
addition, prior lumbar fusion is associated with inferior 
results in patient-reported outcome measures (PROMs) (17). 
Spinopelvic Parameters  

PT: PT is the angle between the line connecting the 
middle point of S1 superior endplate to the femoral head 
center and the vertical axis. This parameter indicates the 
relative rotation of the pelvis to hip joint (18). The normal 
value is 13° in the standing position that increases in the 
sitting position due to posterior PT (Figure 2A) (19). AA angle 
increases 0.7°-0.8° by an increase in one degree of PT (9).  

Pelvic Incidence (PI): PI is the angle between the line 
perpendicular to the midpoint of S1 superior endplate and 
the line that starts from this point to the center of the 
femoral head (average = 52 ± 10 degrees) (19). This 
anatomical parameter is constant in adults in various 
positions, whether sitting or standing (3). Sum of PT and SS 
results in PI (3). PI amount is related to the pelvic width, LL, 
and SS, and higher measures are a risk factor for 
degenerative/dysplastic spondylolisthesis (Figure 2B) (20). 

SS: SS is the angle between the S1 superior endplate and 
the horizontal axis. The normal value is 42° (19). The S1 
superior endplate is indicative for LL, and the SS increases 
with an increase in LL. SS increases when transmitting 
from the sitting position (30°) to standing (50°), and this 
change is defined as ∆SS. By delineating the ∆SS, we can 
estimate the spinopelvic motility (Figure 2C) (21). 
 

 
Figure 2. Pelvic tilt (PT) changing (A), pelvic incidence (PI) (B), and sacral slope (SS) (C) 
 

Regarding SS and PI variance, high values increase the 
shear force on the lumbosacral junction (especially pars 
L5). Adversely, low SS and PI impose a nutcracker effect on 
the pars (Figure 3) (22). 
 

 
Figure 3. The shear and nutcracker spinopelvic postures introduced by Labelle et al. (20) 

Anteinclination (AI): AI is the angle between the 
horizontal axis and the line joining the anterior and 
posterior acetabular wall in the sagittal plane (23). The 
changes in inclination and anteversion are in line with 
each other, and both of them influence AI. In transmitting 
the position, both anteversion and inclination are 
changed, thus changing AI (24). The average of AI in 
standing is 30° (decrease), and sitting is 50° (increase) (24). 
Each degree of AI increase causes a 0.7° increase in PI. This 
parameter accommodates the necessary hip flexion and 
internal rotation (Figure 4A) (24).  

Pelvic Femoral Angle (PFA): PFA is the sagittal angle 
between lines starting from the center of the femoral head 
to the midpoint of the S1 superior endplate and the 
femoral stem (25). This parameter demonstrates the 
relative position of the femur to the pelvis and is equal to 
180° in standing and 125° in sitting position (Figure 4B).  

Anterior Plane PT (APPT): APPT is the angle between the 
vertical line and the line joining two superimposed 
anterior superior iliac spine (ASIS) and the anterior edge of 
the pubic symphysis (shows the rotation of the pelvis in 
the sagittal surface) (Figure 4C). 
 

 
Figure 4. Femoral anteinclination (AI) (A), pelvic femoral angle (PFA) (B), anterior 
plane pelvic tilt (APPT) (C) 
 
Spinopelvic Mobility and Balance 

Spinopelvic parameters are helpful assessment tools to 
assess balance in patients with spinal deformity. The spine 
and pelvis have compensatory mechanisms to preserve 
the hips’ balance, whether natural or artificial hip joint 
(6). PI, a sum of PT and SS, is the main entity that indicates 
the proper sagittal balance of the spine. PI is a specific 
anatomical parameter with a constant value; therefore, 
changes in PT and SS are in opposite directions aiming to 
sustain body balance (6). Besides, change in SS is 
correlated with LL changes (21). In this regard, also it has 
been proved that, generally, the LL is within 10° of PI, and 
being out of this range (PI-LL mismatch > 10°) suggests 
deformity and sagittal unbalance (6, 7). PI minus LL > 10° is 
suggestive for the flatback spinal deformity (21). As a 
result, stooped posture will be probable, or the patient 
normally stands with the help of posterior PT (increased 
PT). Homma et al. showed compensatory posterior PT and, 
therefore, greater functional cup anteversion in this 
situation, thus are at the higher risk of posterior 
impingement and anterior dislocation while extending 
the hip (7). Phan et al. considered PI-LL mismatch < 10° and 
PT < 25° as sagittal spinal balance (6). Besides, the normal 
spinopelvic mobility is defined as 10° < ∆SS < 30° (average 
20°) when turning from standing to sitting position (11). 
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More than this amount is considered hypermobility, and 
∆SS < 10° is considered stiffness (23). Degenerative changes 
in the spine and hip due to senescence negatively impact 
spinopelvic mobility and balance (11).  

Hip surgeons seek to classify patients prior to the 
surgery and consider a different approach to them. Phan et 
al. explain four combination models of spinal flexibility and 
balance – “Hip-Spine Classification in THA” (Table 1) (6):  
 

Table 1. The treatment considerations of any type of spinopelvic motions 

Treatment 
considerations 

Balanced Unbalanced 

Flexible Cup anteversion 
5°-25° 

First option: Spinal realignment 
surgery, then THA with cup 
anteversion from 15° to 25° 

Second option: Primary THA with 
decreased cup anteversion 

Rigid Cup anteversion 
15°-25° 

First option: Spinal realignment 
surgery, then THA with cup 
anteversion from 15° to 25° 

Second option: Primary THA with 
decreased cup anteversion 

THA: Total hip arthroplasty 

 
A. Flexible and balanced (F/B): Normal spinopelvic 

mobility, with no spine abnormality. In these patients, AA 
should be in the safe zone of 5° to 25°, which warranties 
appropriate range of motion (ROM) and slight 
impingement (6). 

B. Flexible and unbalanced (F/U): Patients due to spine 
abnormalities, such as neuromuscular or post-
laminectomy kyphosis, compensate through posterior PT 
in standing position which results in flatback spinal 
deformity. In this condition, increased AA observed in 
standing results in posterior impingement/anterior 
dislocation risk. In sitting, the pelvis has full mobility and 
goes to extension due to proper mobility, yielding a 
normal AA angle with minimal abnormality (26, 27).  

Two treatment options exist for F/U patients: fixation 
surgery to reconstruct the spinal deformity, which turns 
the patient from F/U to rigid and balanced (R/B) with more 
predictable outcomes of THA (28), and alternatively, 
implanting the cup in an appropriate position to balance 
the spine (decreased AA during cup implantation). 

C. R/B: Limited mobility as in degenerated or fused 
spine (in stuck stand posture). In these patients, regardless 
of the balanced sagittal spine in a standing position, the 
compensation mechanisms are inadequate in position 
transition. Therefore, the AA angle will not increase in 
sitting position, which is abnormal, causing a disturbance 
in flexion and risk of anterior impingement/posterior 
dislocation (6). All in all, the placed cup in THA  
should have more anteversion to counteract the 
mentioned mechanism. The recommended AA angle is  
15°-25° that provides optimal ROM and prevents 
dislocation/impingement (6).  

D. Rigid and unbalanced (R/U): Unbalanced spine 
lacking compensatory mechanism due to rigidity in 
conditions like extended fusion or ankylosis (stuck sit). In 
these patients with a flatback spine, the pelvis is 
retroverted and AA increases. This structure yields more 
ROM of flexion and minor extension in standing that 
causes a higher risk of posterior impingement and 
anterior dislocation. In sitting position, AA amount 
replicates the expected sitting AA with slight abnormality.  

Two treatment options exist for R/U patients: 
performing spine correction surgery, turning the patient to 
the R/B category, or doing THA implant the acetabular cup 
implant into a position that simulates balanced parameters 
(28). Both R/U and F/U patients who underwent THA without 
spinal realignment surgery and then proceeded with spinal 

surgery might need revision hip surgery to re-align cup 
position based on the new condition. 
Stiffness 

Other studies revealed that non-stiff or mobile 
spinopelvic (normal and hyper-mobile) is compatible with 
different positions of acetabular components, instability, 
and impingement (23, 29). They recommend that 
performing routine surgery preserves the safe anteversion 
and inclination angle, 15° ± 10° and 40° ± 10°, respectively  
(23, 29). Stiff spinopelvic cases are categorized into two 
groups based on their acetabular position:  

A. Stuck standing: Posterior tilt (horizontal acetabular 
position) at risk of anterior impingement and posterior 
dislocation 

B. Stuck sitting: Anterior tilt at risk of posterior 
impingement and anterior dislocation 

The ultimate goal for cup implantation is 45°-50° 
inclination, 20°-25° anteversion with 35°-40° combined 
anteversion (23, 29).  
 
Conclusion 

Several pieces of evidence exist for higher risk of 
complications after THA, e.g., instability and dislocation, 
in a patient with spinal abnormalities, including lumbar 
fusion, spinopelvic mobility fracture, and spinal deformity 
(21). In this regard, perceiving the spinopelvic parameters 
and appropriate preoperative consideration is mandatory 
for achieving good outcomes after THA. These patients 
should undergo evaluation for spine balance and 
appropriate motility before the THA (21). Surgeons seek to 
install stable constructs with minimum risk of instability, 
dislocation, and wear. Adjusted anteversion and 
inclination of the cup while insertion in THA can repair 
the imbalance drawbacks (29). Surgeons must consider 
spinopelvic classification, prior pathologies, and risk 
factors that are paramount for arthroplasty.  
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