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Background: Ankylosing spondylitis (AS) may cause a severe rigid thoracolumbar kypho-
tic deformity (TLKD) that leads to considerable disturbances of posture and spinal balance.
In few patients, a corrective osteotomy of the lumbar spine may be considered. Preoperative
planning of a lumbar osteotomy for correction of a severe TLKD due to AS is important to
correct patient’s sagittal balance and view angle. There is a need for accurate preoperative
planning that can be used easily in daily practice.

Methods: The basic biomechanical and mathematical principles of preoperative planning
for correction of a TLKD due to AS are described. A search was performed for free available
computer programs that can be used for pre-operative planning of spinal osteotomies in AS.
Finally, the use of these computer programs is illustrated and described.

Results: Sagittal balance is measured on a standing lateral full-length radiograph of the
spine. The assessment of the pelvic parameters (PI, PT, SS) in conjunction with sagittal
vertical axis (SVA) and chin-brow-to-vertical angle (CBVA) provides a comprehensive
picture of the sagittal spinal alignment and compensatory mechanisms of the patient. The
relation between the level of lumbar osteotomy and the amount of correction needed can be
calculated with different elementary trigonometric equations. Two free available computer
programs, ASKyphoplan and Surgimap, are illustrated and described that can be used for
pre-operative planning of spinal osteotomies in AS.

Conclusion: Preoperative planning of the lumbar osteotomy in AS involves assessment of
the combined effect of location of the osteotomy, amount of bone resection, SVA, CBVA,
and pelvic parameters. Two free available computer programs, ASKyphoplan and Surgimap,
are easy to use in clinical practice to predict postoperative sagittal balance of lumbar
osteotomies in patients with severe TLKD due to AS.

Keywords: preoperative planning, lumbar osteotomy, ankylosing spondylitis, computer
programs, kyphosis

Introduction

Ankylosing spondylitis (AS), or axial spondyloarthritis (axSpA), is a chronic
inflammatory disease that primarily affects the spine and sacroiliac joints, causing
pain, stiffness, and a progressive severe rigid thoracolumbar kyphotic deformity
(TLKD). The TLKD can be so extreme that the patient cannot sit, stand, or lie in
comfort. In severe cases, patients may be unable to look above the level of the
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horizon, causing problems in daily activities, like commu-
nication, participating in traffic, and getting something
above their head. Additionally, patients with a severe
TLKD may show intestinal and respiratory problems of
various degrees as a result of compression by the rib
margin on the abdominal viscera and secondary decreased
diaphragmatic respiration on which these patients often
depend.

In few patients, a corrective osteotomy of the lumbar
spine may be considered to correct the postural balance
and view angle. These osteotomies proved to be advanta-
geous for numerous patients.' However, occasional com-
their
acceptance by rheumatologists and orthopaedic surgeons.

plications and poor results have diminished
This is not surprising, since up to now there were many
unsolved questions regarding posture and balance in
patients with AS, and there were no standardized methods
for assessing the severity of the spinal sagittal deformity.
In addition, no accurate preoperative planning, including
the degree of correction required, nor knowledge of the
level to operate on, was available.

Over the past two decades, however, both the surgical
technique and knowledge of preoperative assessment of
the fixed sagittal deformity of the spine in AS have under-
gone significant evolution.” The TLKD is best corrected
by a lordosing osteotomy in the lumbar spine, where the
capacious spinal canal reduces the risk of perioperative
injury to the cauda equine. In addition, the overall correc-
tion is greatest when the intervention is performed at the
lowest possible level of the lumbar spine. Thoracic osteot-
omy is not preferred as the primary osteotomy because of
the vulnerability of the narrow, midthoracic spinal cord to
perioperative injury. Besides, the thoracic correction is
limited by ankylosis of the costovertebral joints. Many
surgical techniques have been described to correct the
lumbar spine in AS.' Currently, a closing wedge osteot-
omy (CWO), or pedicle subtraction osteotomy (PSO), of
the lumbar spine has been recognized as the preferred
surgical technique used to restore the thoracolumbar
kyphosis, sagittal balance and view angle in patients with
AS. This procedure has been used in clinical practice for
more than 70 years, and its value in correcting the spinal
deformity in AS has been well established.'” The bio-
mechanical advantages of a CWO or PSO technique have
been recently demonstrated through cadaveric tests®’ and
computer-based models.® In addition, the understanding of
the sagittal deformity and subsequence the importance of
adequate preoperative deformity planning in AS has been

recognized. First, the significance of the effect of the lower
extremities in balance control.” Second, the introduction of
the pelvic parameters, including the pelvic incidence (PI),
pelvic tilt (PT) and sacral slope (SS), in addition to the
measurement of the sagittal vertical axis (SVA) for the
assessment of sagittal plane deformities,'™!"" and third,
the effect of a lumbar osteotomy on the correction of the
view angle as measured by the chin-brow-to-vertical angle
(CBVA).'> 1

The focus of surgical correction of spinal deformity in
AS has shifted to not only restoring kyphosis but also re-
establishing sagittal balance, placing the pelvis in a neutral
position and restore normal range of movement in the hip
joints, and correction of the view angle (Figure 1). Careful
assessment of the sagittal alignment, spinal parameters, are
fundamental for surgical planning and effective pre-
operative patient counselling in patients with TLKD
caused by AS.

The aim of this article is to describe the basic biome-
chanics of preoperative planning for correction of a TLKD
due to AS and to incorporate mathematical methods
described in the past and to describe the current free
available computer programs of deformity planning that
can be used in daily practice.

Methods

The basic biomechanical and mathematical principles of
preoperative planning for correction of a TLKD due to AS
are described. Parameters are discussed that assess sagittal
balance, view angle and the position of pelvis and the
lower extremities. Mathematical methods used in the past
are described and a search was performed for free avail-
able computer programs that can be used for pre-operative
planning of spinal osteotomies in AS. Finally, the use of
these computer programs is illustrated and described.

Biomechanical Principles of Preoperative

Planning

A normal sagittal balance in upright position is acquired
when a biomechanical plumb line from the collective
center of mass (COM) of trunk, head, upper extremities
and any external weight, intersects the connective axis
between the femoral heads and the supporting area of the
feet. By standing and walking in balanced spinal align-
ment, a minimal use of muscular energy is necessary.
Unfortunately, it is very difficult to locate exactly the
COM in an individual patient with a TLKD due to AS.
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Figure | The aims of surgery in AS are to restore the patients’ ability to see ahead to the horizon, to restore the balance of the spine, to place the pelvis in a neutral

position and restore normal range of movement in the hip joints.

The exact position of the COM depends on the distribution
of mass and thus on the shape of the spine, the distribution
of fat, muscles and bowels, and the position of head and
arms. In clinical practice, it is not feasible to determine the
exact position of the COM in patients with AS.

Therefore, in clinical practice, sagittal balance is mea-
sured on a standing lateral full-length radiograph of the
spine. In normal standing upright balance, the sagittal
plane curves of the spine tend to balance the patient in
such a way that the head, trunk, and pelvis are lined up
vertically by segmental mobility of the spine, the position
of the pelvis, and the position of the hip joints.'>'®
However, patients with AS lack vertebral segmental com-
pensation due to a complete ankylosed spine. In order to
compensate for the downward view angle and the sagittal
unbalance, the patient’s only option is a backward rotation
of the pelvis with maximal extension of the hips, which is
accompanied by flexion of the knees and ankles.” This
results in a fatiguing standing position with high muscular
stress especially of the upper and lower muscles of the
legs.

Sagittal balance on a lateral full-spine radiograph is
defined by the sagittal vertical axis (SVA) and measured

by the horizontal distance between the posterior edge of
the sacral endplate and the plumb line from C7. But,
measurements of the sagittal SVA in patients with
a severe TLKD are insufficient for adequate assessment
of sagittal balance in AS. In order to compensate for the
severe TLKD and the sagittal unbalance in AS, the SVA is
influenced by backward rotation of the pelvis with max-
imal extension of the hips and flexion of the knees and
ankles. In addition, SVA translations during standing
radiographic analysis were found to depend on small
changes of the angles of the hip, knee, and ankle joints
in a model with a fixed spine due to ankylosing
spondylitis.’ This indicates that measurements of the sagit-
tal SVA alone is insufficient for complete appreciation of
sagittal plane deformities in AS.

Recent studies have shown that the pelvis plays a critical
role in regulating spinal alignment and compensating for
spinal malalignment. The assessment of the three basic pelvic
parameters, including pelvic incidence (PI), sacral slope (SS)
and pelvic tilt (PT), in conjunction with SVA provides a more
comprehensive picture of the sagittal spinal alignment.'®"
The three basic pelvic parameters show a geometrical rela-
tionship where PI is equal to the sum of PT and SS. PI reflects
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the individual and constant morphological parameter. PT and
SS are positional or compensatory mechanisms which are
employed to maintain functional sagittal balance. As the
COM, and therefore the SVA, shifts anteriorly in patients
with a severe TLKD due to AS, the pelvis tends to retrovert
as a compensatory mechanism, thereby decreasing SS and
increasing PT in an attempt to maintain sagittal balance.

While spinal balance is related to the relative position of
the SVA, view angle is related to the sagittal curvature.
Functional restoration of the view angle is the most impor-
tant reason for surgical intervention in AS patients.'>:!4!7:18
Currently, the most common way to measure the view angle
is the assessment of the chin-brow to vertical angle (CBVA).
The CBVA, is a non-invasive measurement of the TLKD
and can be measured clinically, or on a photograph, or on
a radiograph that includes the cranium in standing lateral
position. The CBVA is defined as the angle between a line
drawn through the chin and the brow to the vertical.'> '
Optimal CBVA for sagittal view angle in ankylosing spon-
dylitis kyphosis has been shown to be between 10 and 20
degrees.'?

The relation between the level of osteotomy in the lumbar
spine and the amount of correction needed in patients with
AS has been discussed extensively. A more caudal osteotomy
level leads to a greater amount of correction of balance;

however, the correction of CBVA is independent of the
level of osteotomy™'*'? (Figure 2).

Recently, it has been shown that the amount of SVA
correction and correction of the pelvic tilt (PT) not only
depends on the level of osteotomy but also on the ratio of
closure (RoC) within the vertebral body.”® The RoC is
defined by the percentage of the upper part closure (truncal
closure) divided by the percentage of the lower part (pelvis
closure) of the resected vertebral body, and thereby creating
a vector inside the wedge resection. A CWO, or PSO, there-
fore, can be performed in a truncal dominant correction (eg
60/40), proportional correction (50/50), or pelvic dominant
correction (eg 40/60). A pelvic dominant correction resulted
in more correction of the SVA and less correction of the PT.*

History of Pre-Operative Planning of
Spinal Osteotomies in AS

In the past, there was no biomechanical and mathematical
preoperative planning technique available, nor knowledge
of the level to operate on. The classical method includes
a radiograph trace and cut-out method. In addition, defor-
mity planning at that time had been performed with rule-of
-the-thumb methods.® Preoperative clinical analysis of the
TLKD in AS was done as follows: the horizontal gaze was

Figure 2 The effect of a spinal osteotomy on the correction of the horizontal gaze, measured by the chin-brow-to-vertical angle (CBVA), is equal to the osteotomy angle,
irrespective of the osteotomy level. However, the effect of a spinal osteotomy on the sagittal balance of the spine depends on both the osteotomy angle and the level of
osteotomy simultaneously. The correction of the sagittal balance is maximal when the intervention is performed at the lowest possible level of the lumbar spine.
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corrected to as close to normal as possible by asking the
standing patient to bend the knees with the hip joints
extended. The lumbar osteotomy angle was estimated by
dividing the knee angle into halves. In daily practice,
however, the surgeon strived for maximal correction
within the anatomical limitations of the vertebral body.’
However, aiming for maximal correction achievable
obviously create the risk of over-correction.”’ Kim et al
in 2002 classified his results by three types of correction:
balanced correction, over correction, and under
correction.* However, since in AS the spine is a rigid
beam of bone, an osteotomy can be planned with elemen-
tary trigonometric equations. Several methods of preopera-
tive planning have been described to predict the effect of
a spinal osteotomy on the correction of the sagittal balance
and view angle in AS.

Van Royen et al in 2000 described a biomechanical and
mathematical method that considered the compensation
mechanism of the pelvis, the planned correction angle,
the level of osteotomy and the effect of the osteotomy on
the correction of the SVA and CBVA.'* It was assumed
that the normal SS defines the neutral position of the
pelvis. The mean normal SS is approximately 40 degrees.
Hence, if the sacral endplate is corrected to 40 degrees
with the horizontal, it means that the pelvic retroversion
has been corrected. This method is not a really individua-
lized because the SS was defined at the same angle for
every patient. However, individualization is possible by
adjusting the SS. When the pelvis is placed per an aimed
SS, the uncompensated SVA for the individual patient can
be calculated. The combined use of the SVA, CBVA and
SS as biomechanical parameters gives information on the
level of osteotomy and the amount of lumbar correction in
relation to both the SVA and the CBVA. Unfortunately, the
mathematical equations promoted are not easily used in
daily practice.

Ondra et al in 2006 described a simple mathematical
measurement, by using the tangent function, to predict the
correction needed from a CWO or PSO to achieve optimal
sagittal spinal alignment postoperatively.”” This mathema-
tical method, however, only included the correction of the
rigid spine and did not account for the level of osteotomy
and the position of the pelvis.

Kim et al in 2006 proposed a formula based on the
sagittal Cobb angle, recommending that the difference
between lumbar lordosis (LL) and thoracic kyphosis
(TK) should be more than 20 degrees (ie, LL > TK + 20

degrees).”® TK was measured using the Cobb angle

between T5-T12 and LL was measured between T12 and
S1. This approach, however, did not include the position
of the pelvis and the level of osteotomy.

Min et al in 2007 described a planning method using the
whole body kyphosis angle (WBKA) measured on
a preoperative clinical photographs at the level of the umbi-
licus, to calculate clinically the amount of correction
needed.!” In addition, the thoracic kyphosis, lumbar lordosis,
total spinal kyphosis, and the sacral slope (SS) were mea-
sured on the standing whole spine radiographs. This
approach included the CBVA and tight angle correction but
did not take into account the level of surgery and pelvic
parameters, and thus fails to predict the extra correction
needed on patients with decreased SS or increased PT.

Rose et al in 2009 modified the above mentioned Kim’s
formula, adding pelvic parameters, and concluded that PI and
TK can predict the LL necessary to correct sagittal balance
with the formula PI + TK + LL < 45 degrees.”* However,
since the SS or PT correction needed were not included in
this formula, patients with high PT (or low SS) could be
undercorrected based on this formula. In addition, the level of
osteotomy was not included in the formula.

Schwab et al in 2009 proposed the formula LL =PI + 9
degrees.'%* They noted that this formula was only applic-
able to patients with decreased LL, but relative normal
thoracic kyphosis, since this formula also fails to predict
the extra correction needed on patients with decreased SS
or increased PT.

Le Huec et al in 2011 proposed a mathematical method
named FBI (Full Balance Integrated), that is based on
a global analysis of the full body balance, to calculate
the amount of correction needed for a given patient.?
The correction angle is calculated by the formula: FBI
angle of correction = C7TA + FOA + PTCA, where
C7TA is the angle of C7 translation, FOA is the angle of
femur obliquity, and PTCA is pelvic tilt compensation
angle. This technique again was difficult to use in daily
practice and did not include the level of osteotomy.

For patients with hyper kyphosis and retroversion of the
pelvis, Lafage et al in 2011 proposed two separate formulas
to predict postoperative PT and SVA.?” The predicted PT is
dependent on LL and PI, and is calculated by: PT = 1.14 +
0.71 x PI — 0.52 x (Maximal lumbar lordosis LL) —0.19
x (Maximal thoracic kyphosis TK). The post-operated SVA
is predicted by another formula: SVA =-52.87 + 5.90 x PI -
5.13 x (Maximal LL) —4.45 x PT — 2.09 x (Maximal TK) +
0.566 x (Age). Despite the inclusion of spinopelvic para-
meters and the interesting integration of patient age into the
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calculation, the promoted mathematical equations are not
easily used in daily practice for surgical planning for correc-
tion of spinal sagittal malalignment.

Song et al in 2013 modified this method for calculating
the angle required for spinal osteotomy in AS after the
introduction of the pelvic parameter concept, adding PI
and PT to the sacral end plate angle or SS. They promoted
a decrease of the PT to the individual’s normal value, instead
of increasing the SS to the normal position. The individual
normal PT was defined according to preoperative PI, which
was given by the mathematical equation: PT =0.37 x PI - 7.
In addition, they defined the plumb line of the hilus pulmo-
nis, instead of the C7 plumb line, as the gravity SVA. The
osteotomy angle was planned and calculated at the apex
vertebra of the sagittal deformity by the angle between the
hilus pulmonis and the calculated individual PT.

Free Available Computer Programs for
Pre-Operative Planning of Spinal

Osteotomies in AS

For adequate pre-operative surgical planning of a lumbar
osteotomy in AS, the global sagittal kyphosis, biomecha-
nical aspects, mathematical equations and all compensa-
to be
Unfortunately, all aforementioned biomechanical princi-

tion mechanism have taken into account.
ples and mathematical equations used to predict postopera-
tive sagittal balance and view angle (PT, SVA and CBVA)
are not easy to use in daily practice. Though the use of
computer-based techniques for planning corrective spinal
osteotomies in AS will simplify this task. Despite some
add-on

packages that can be used in combination with a local

commercially available planning  software
picture archiving and communication (PACS) system, for
example “spineEOS software” or “Sectra Orthopaedic
Package”, there is a need for independent and free avail-
able planning software. Currently, there are two free avail-
able computer programs available, ASKyphoplan and
Surgimap, for pre-operative planning of spinal osteotomies
in AS. Both computer programs include the position of the
pelvis in the pre-operative planning to predict postopera-
tive sagittal balance of spinal osteotomies in these patients.

ASKyphoplan

ASKyphoplan® is a free available computer program
(www.askyphoplan.com) that was first described and pub-

lished in 2007. It analyses and visualizes the planning
procedure for sagittal plane corrective osteotomies of the

lumbar spine in AS based on the mathematical principles
published in 2000 by Van Royen et al.'"* The program is
developed only for deformity planning in patients with
a fixed spine due to AS. The relationship between the
planned correction angle, level of osteotomy and sagittal
balance defined by the SVA are coupled into the program.
In addition, the effect of the osteotomy on the correction of
the view angle (CBVA) in degrees is recorded. The pro-
cedure of this basic, but user-friendly, sagittal alignment
tool has been described in detail.?’ After uploading
a lateral full-spine radiograph, five consecutive steps are
followed: “Calibration”, “Draw”, “Set SEA”, “Calculate”,
and “Report”.

Calibration: This is used to convert pixels into milli-
meters. Two marks are placed on the grid of the film that
define the distance in millimeters for calibration. The com-
puter then calibrate distances on a scanned radiographic film.

Draw: This creates a coordinate system. The posterior
superior corner of the sacrum (PSCS), and the actual
(compensated) sacral end plate angle (SEA) or SS can be
drawn on the radiograph. The center of body C7 is
marked, and the compensated plumb line from C7 appears
in millimeters.

Set SEA (or SS): This will rotate and project the radio-
graph onto the coordinate system with the SEA (SS) at the
desired angle. In healthy patients, the SS makes an angle of
approximately 40 degrees with the horizon on a standing
lateral radiographic projection. With the normal SS of 40
degrees, the hip joints are in the zero position. Thus allowing
for small compensatory movements of the pelvis.

Calculate: The computer program calculates and visua-
lizes the relationship between the correction angle, loca-
tion of the osteotomy, and the sagittal balance. Using the
“visibility” bar, the virtual post-operative radiograph can
be visualized (Figure 3). By varying the level of the
osteotomy and correction angle, its effect on the SVA
and CBVA can be visualized and tested until desired
parameters are obtained.

Report: The preoperative deformity planning, calcula-
tion and visualization of the osteotomy can be saved as
a PDF file for documentation.

Alterations for the normal SEA or SS from 40 degrees
can be applied individually according to the pelvic para-
meters and their geometrical relationship (PI = PT + SS).
The effectiveness of preoperative planning with this software
in the restoration of balance and view in AS patients has been
described.*® The ease of use, the visualization of the osteot-
omy and the inclusion of the effect of the osteotomy on the
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SEA SEA-corr. CBVA-corr. Rot. Angle Preop. SVA Postop. SVA
(degrees) (degrees) (degrees) (degrees) (mm) (mm)
40,0 13,1 21,2 34,2 259.8 50,0

Figure 3 Pre-operative and post-planning images of the ASKyphoplan software. Preoperative ASKyphoplan report showing a preoperative SEA (SS) of 27° and SVA of
172 mm. Rotation of the radiograph onto the coordinate system with the SEA at 40° results in an SVA (SEA 40) of 261 mm. A 34° osteotomy at L4 predicts the

postoperative SVA (SEA 40) of 50 mm. The predicted CBVA correction is 21°.

correction of both the CBVA and SVA are the main advan-
tages of this computational program. In addition, since the
final report is only saved as a local PDF file, and data are not
saved in any database, there is no need for additional provi-
sions and requirements related to the processing and saving
of personal data of patients according to the General Data
Protection Regulation (GDPR). However, one of the major
shortcomings of this program is that it did not account for the
pelvic parameters. The concept of these basic pelvic para-
meters and their geometrical relationship were not available
at the time of publication of the underlying mathematical
principles. However, the basic principle of including the
position of the pelvis into account by correcting for the
individual’s SEA or SS, is the same (PI = PT + SS).

Surgimap
Surgimap Spine software (www.surgimap.com) is a free

available planning software and has been introduced in

2013.%' Surgimap includes the pelvic parameters, in addition
to other parameters of sagittal balance, to determine the
location and the size of osteotomy. Currently, Surgimap is
the most common used computer planning program for both
research and clinical practice, and offers regular free updates.
This program offers many utilities for different measure-
ments and surgical planning, and can also be used for surgical
planning in patients with a fixed sagittal TLKD due to AS by
using the specialized sagittal alignment tool.>**> The prac-
tical use and validation has been published recently.’!
Following uploading a lateral full-spine radiograph, three
planning steps are to be performed.

Measure: On the first “Measure” page, the radiographic
image has to be calibrated so the lengths of measurements
can be calculated.

Sagittal alignment wizard: Within the ‘measuring
tools’ page, the sagittal alignment wizard (“SA spine”™) is
used to achieve a full evaluation of the sagittal plane
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including the pelvic parameters by identification of the
femoral heads with two adjustable circles and four verteb-
ral end plates (superior S1, superior L1, superior T1, and
inferior C2).

Wedge osteotomy wizard: Finally, within the ‘surgical
tools’ page the wedge osteotomy wizard “wedge” can be
used to create a wedge-shaped resection of a vertebral body.
The application of a simulation will remove a portion of the
image in a wedge shape and visualize the surgical correc-
tion of the radiograph and reports the virtual pelvic para-
meters and SVA. The results can be saved in the database of
the program (Figure 4). The effect of both the level of
osteotomy and the effect of the ratio of closure (RoC) on
the spinal balance (SVA and PT) by using the “vector”
inside the angle of resection can be visualized.*® By adjust-
ing the level of osteotomy and/or the vector, variable cor-
rection of the SVA and PT can be tested until desired
parameters are obtained. The results can then be saved in
the database of the program (Figure 4).

Surgimap also allows for rotation of the image as with
ASKyphoplan until desired postoperative PT is reached.
The steps are then similar, and the only difference is that
the ratio line, or vector, within the “wedge” tool should be
aligned with the lower resection line of the osteotomy
(ratio set to 100%). Surgimap is a user-friendly sagittal
alignment planning software; however, the underlying bio-
mechanical and mathematical principles are not presented.
In addition, the simultaneous effect of the osteotomy on
the correction of the CBVA is not generated. Since data are
saved in the Surgimap database, provisions and require-
ments related to the processing and saving of patient’s data
according to the GDPR should be taken into account.

Case Example

A 43-year-old man with bilateral THR and a 20-year
history of AS complicated by a progressive TLKD with
a clinical CBVA of 50 degrees is indicated for lumbar
osteotomy. Pre-operative planning is performed by using
both the ASKyphoplan software (Figure 3) and the
Surgimap software (Figure 4).

By using ASKyphoplan, the standard full-length lateral
radiograph of the whole spine showed a pre-operative com-
pensated SVA of 172 mm and a sacral slope (SEA) of 27
degrees. Rotation of the radiograph onto the coordinate sys-
tem with the SEA at 40 degrees resulted in a pre-operative
uncompensated SVA of 261 mm. Aiming for an SVA 50 mm
anterior to the posterior superior corner of the sacral endplate,
a correction angle of 34 degrees at level L4 was required. In

addition, a 34-degree correction at L4 would correct the
CBVA by 21 degrees (Figure 3). By using Surgimap, the
standard full-length lateral radiograph of the whole spine
showed a pre-operative compensated SVA of 190 mm, PI
of 48 degrees, SS of 25 degrees and PT of 23 degrees.
Simulating a 35-degree correction at L4 with an RoC 60/
40, the SS would correct to 39 degree, the PT to 8 degree, and
the postoperative SVA to 70 mm (Figure 4).

By using both software programs for this case, similar
amount of correction, level of osteotomy and final sagittal
balance (SVA) were calculated (Table 1). The ASKyphoplan
lacks direct information of the pelvic parameters but also
gives information about the view angle (CBVA) correction,
and Surgimap gives direct information of the pelvic para-
meters in the planning software. Interestingly, the Surgimap
program showed an automatic SS correction to nearly 40
degrees; however, the underlying mathematical principles
were not reported.

Discussion

Preoperative planning of the lumbar osteotomy in patients
with severe TLKD due to AS involves assessment of the
combined effect of location of the osteotomy, amount of
bone resection, SVA, CBVA, and pelvic parameters. Both
software programs, ASKyphoplan and Surgimap, are easy
to use in clinical practice to predict postoperative sagittal
balance of lumbar osteotomies in these patients. However,
the acquired correction during lumbar spine surgery, the
effect of secondary hip arthritis on balance control and the
sequence of surgical treatment in AS patients with both
a severe TLKD that requires spinal osteotomy and second-
ary hip arthritis that requires a THR should be discussed.

Surgical Correction of the Planned

Osteotomy

The surgical procedure of the CWO, including positioning
of the patient, anesthesia and surgical technique is described
earlier.'* Intraoperatively, the amount of correction at the
desired vertebra is assessed by using the image intensifier.
During the closure procedure of the osteotomy, lateral
images of the lumbar spine from the image intensifier can
be sent to the local picture archiving and communication
system (PACS) at regular times. The acquired correction
during surgery can be estimated by measuring the Cobb’s
angle in degrees between the upper and lower endplate of
the vertebra operated on using the “measuring angle” tool
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Measurement Baseline Simulated Norm
Line 1
Length 100.00.. 100.00 ...
H. An... -89.7° -68.6°
Alignmen... SRS [T
Orient...  Post|Ant Post|Ant
PT 23° 9° [0 - 20]
PI 48° 48° 48°
SS 26° 39°
LL -28° -64°
L1-L4 18° 6°
L4-$1 -46° -70°
PI-LL 19° -16° [-10 - 10]
TL 54° 45°
TK 63° 63°
T9 SPi -8° -13°
T1 SPi 1° 2°
TPA 34° 10°
SVA (... - 69.90 mm [0 - 50]
L1-s1 203.24 .. 18410 m...
T1-11 324.37.. 324.37..
T1-$1 527.61mm 508.46 ...
v Wed..
Angle < fo fh
Ratio 60:40 60:40

100.00 mm
H. Angle: -68.6°

Figure 4 (A) Pre-operative and post-planning images of the Surgimap software. (B) Surgimap report showing pelvic parameters: Pl = 48°, PT = 23°, SS = 25°, and SVA =
190 mm. A 35° osteotomy (with RoC 60/40) at L4 predicts the postoperative SVA of 70 mm, SS = 39°, and PT = 8°.
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Table | Parameters of Interest of the as Case Presentation
Measured and Planned by the Two Free Available Software
Programs ASKyphoplan and Surgimap

Case: Male 43y ASKyphoplan Surgimap

Pre-operative measurements
SVA (mm) 172 190
SEA or SS (degrees) 27 25
Pl (degrees) 48
PT (degrees) 23
CBVA (degrees) 50

Post-operative planning
Correction L4 (degrees) 34 35
SVA (degrees) 50 70
SEA or SS (degrees) 40 39
PT 8
CBVA (degrees) 21

displayed on the digital system, until the required correction
angle is achieved.”

The Hip-Spine Dilemma and
Pre-Operative Planning in Ankylosing
Spondylitis

Owing to the ankylosis of the spine, only the mobile joints
of the hips, knees, and ankle joints can compensate for the
sagittal displacement of the trunk COM in AS. Therefore,
range of motion (ROM) at the hip was thought to be
important for control of sagittal balance in patients with
TLKD due to AS. Studies have shown that the hip joints
are less involved in balance control than previous thought,
and that they have limited ability to compensate for the
anterior shift of the COM.’>* Posterior rotation of the
pelvis may result in a large correction of both the sagittal
alignment of the spine and view angle. However, it places
the pelvic acetabulum out of the neutral position, and the
femoral heads in maximal extension. Thus, further exten-
sion of the hip joints is limited in the posterior rotated
pelvis. As patients need some spare hip extension for
dynamic balance control, they are not able to fully extend
the hip joints during standing and walking.

In addition, AS may lead to limitations in range of motion
(ROM) of the hip joints due to secondary arthritis.’
Symptomatic unilateral or bilateral hip arthritis and anky-
loses have been reported in 30-50% of AS patients.*® Total
hip arthroplasty replacement (THR) is very successful in
these patients.”*® However, a relative high rate of complica-
tions, such as infection, dislocation, and heterotopic

ossification, and early mechanical failure of the implant in
the short to midterm have been reported.*”*°

The sequence of surgical treatment in AS patients with
secondary hip arthritis that requires a THR, and a severe
TLKD debated.
Traditionally, THR was recommended before the osteot-

that requires spinal osteotomy is
omy of the spine was considered,’~™* because it was felt
that compensation by a mobile hip may improve the sagit-
tal balance and obviate the need for a spinal osteotomy.
Also, a THR was considered a less morbid procedure than
a spinal osteotomy. However, Zheng et al recently sug-
gested that a spinal osteotomy should be performed before
THR.*' They argued that patients with a severe TLKD
have high potential risk for dislocation of the prosthesis,
and that pre-operative and post-operative management of
THR is safer if a spinal osteotomy had been performed
first. Finally, the positioning of the patient during hip
surgery, and anatomical placement of the acetabular and
femoral component has been shown to be less difficult

following spinal in a better

4042

osteotomy resulting

outcome.

Conclusion

Deformity correction in patients with a severe TLKD due to
AS by a lumbar osteotomy is very successful in improving
sagittal balance and view angle. Preoperative assessment of
the TLKD in AS involves measurement of the pelvic para-
meters, the SVA, the CBVA, and an understanding of the
effect of the lower limbs on maintaining sagittal balance.
Planning the lumbar osteotomy involves assessment of the
effect of the location of the osteotomy and the amount of
bone resection in a CWO on correction of these parameters.
Both software programs, ASKyphoplan and Surgimap, are
free available, user-friendly, and can be used for planning
sagittal plane corrective osteotomies of the spine in clinical
practice. These software programs help visualize the effect
of the location of the osteotomy and the amount of wedge
resection on the sagittal balance and view angle of the
individual patient with a severe TLKD due to AS.
However, the use of these clinical and biomechanical para-
meters of interest in the current free available software
programs for sagittal plane corrective osteotomies of the
lumbar spine in AS, has been presented here for a single
case. There is a need for prospective studies to evaluate and
compare the effectiveness of preoperative planning with the
use of computer software programs in the restoration of
balance and view angle in patients treated with lumbar
osteotomy in AS.
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