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BACKGROUND CONTEXT: Transition from standing to sitting significantly decreases lumbar
lordosis with the greatest lordosis-loss occurring at L4−S1. Fusing L4−S1 eliminates motion and
thus the proximal mobile segments maybe recruited during transition from standing to sitting to
compensate for the loss of L4−S1 mobility. This may subject proximal segments to supra-physiologic flexion loading.
PURPOSE: Assess effects of instrumented fusion versus motion preservation at L4−L5 and
L5−S1 on lumbar spine loads and proximal segment motions during transition from standing to
sitting.
STUDY DESIGN: Biomechanical study using human thoracolumbar spine specimens.
METHODS: A novel laboratory model was used to simulate lumbosacral alignment changes
caused by a person’s transition from standing to sitting in eight T10-sacrum spine specimens. The
sacrum was tilted in the sagittal plane while constraining anterior-posterior translation of T10. Continuous loading-data and segmental motion-data were collected over a range of sacral slope values,
which represented transition from standing to different sitting postures. We compared different
constructs involving fusions and motion preserving prostheses across L4−S1.
RESULTS: After L4−S1 fusion, the sacrum could not be tilted as far posteriorly compared to the
intact spine for the same applied moment (p<.001). For the same reduction in sacral slope, L4−S1
fusion induced 2.9 times the flexion moment in the lumbar spine and required 2.4 times the flexion
motion of the proximal segments as the intact condition (p<.001). Conversely, motion preservation
at L4−S1 restored lumbar spine loads and proximal segment motions to intact specimen levels during transition from standing to sitting.
CONCLUSIONS: In general, sitting requires lower lumbar segments to undergo flexion, thereby
increasing load on the lumbar disks. L4−S1 fusion induced greater moments and increased flexion
of proximal segments to attain a comparable seated posture. Motion preservation using a total joint
replacement prosthesis at L4−S1 restored the lumbar spine loads and proximal segment motion to
intact specimen levels during transition from standing to sitting.
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CLINICAL SIGNIFICANCE: After L4−S1 fusion, increased proximal segment loading during
sitting may cause discomfort in some patients and may lead to junctional breakdown over time.
Preserving motion at L4−S1 may improve patient comfort and function during activities of daily
living, and potentially decrease the need for adjacent level surgery. © 2020 Published by Elsevier
Inc.
Keywords:

Biomechanics; Fusion; Junctional breakdown; Lumbar spine; Motion preservation; Sitting; Standing; Total
joint replacement

Introduction
A transition from standing to sitting is associated with a
loss of lumbar lordosis in healthy adults as well as patients
presenting with low back pain [1−11]. The sacrum
becomes more vertical, causing a significant reduction in
the sacral slope (SS), and the greatest reduction in lordosis
is seen at L4−S1 (Fig. 1) [9−11].
In patients who undergo instrumented fusion of lower
lumbar segments, the motion at these segments is eliminated and thus the proximal mobile segments may be

recruited during this transition from standing to sitting to
compensate for the loss of lower lumbar mobility [12]. This
may subject proximal segments to supra-physiologic flexion loading.
The purpose of this biomechanical study was twofold:
(1) Measure motions and loads in the lumbar spine caused
by a transition from standing to sitting, and (2) Assess the
effects of instrumented fusion versus motion preservation
at L4−L5 and L5−S1 on lumbar spine loads and motions at
proximal segments during this postural transition.

Fig. 1. Lateral radiographic images of a subject in standing, erect sitting, and slumped sitting postures. Lumbar lordosis decreases as the subject transitions
from standing to erect sitting to slumped sitting [9,10]. The L4−S1 segments undergo the largest decrease in lordosis.
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Materials and methods
Overview
A novel laboratory model was used to simulate the lumbosacral alignment changes caused by a person’s postural
transition from standing to sitting in cadaveric thoracolumbar (T10-sacrum) spine specimens. The sacrum was tilted
in the sagittal plane while constraining the anterior-posterior translation of the most cephalad vertebra, thereby
reducing SS.
Continuous data were collected over a range of SS values, which represented a transition from standing to different sitting postures such as those illustrated in Fig. 1 [9,10]
and studied in previous in vivo investigations [5−8,11].
This test provided an important functional assessment of
the human spine after a lumbar fusion or motion preservation surgery, particularly when used for the lower lumbar
segments.
We compared segmental motions and loads in the lumbar spine for the following constructs: (1) Native (intact)
spine; (2) one-level instrumented fusion at L5−S1; (3) onelevel total joint replacement (TJR) at L5−S1, (4) two-level
TJR at L4−S1, (5) hybrid construct at L4−S1 (TJR at L4
−L5 above an L5−S1 instrumented fusion), and (6) twolevel instrumented fusion across L4−S1.
Segmental fusions were performed using transpedicular
screws and rods. Arthroplasty was performed using a lumbar TJR prosthesis designed to replace both disk and facet
functions and preserve segmental motion (Fig. 2) (BalancedBack Total Joint Replacement, 3Spine SEZC,
Grand Cayman, Cayman Islands) [13].
Specimens
The experiments were performed using eight fresh-frozen human cadaveric spine specimens from T10 to sacrum
and including the pelvis from male and female donors aged
between 37 and 68 years (N=8, 56§9 years). The muscle
tissues were dissected, while keeping the disks, ligaments
and posterior bony structures intact.
CT-based specimen-specific anatomic and kinematic
models were built for each specimen to facilitate analysis
of the experimental data. This technique [14] allows for
continuous, noninvasive measurement of the specimen’s
posture and intervertebral disk deformations (change in
disk angle and height) throughout the measured motion of
the specimen. For kinematic model development, a minimum of five radiopaque spheres, serving as fiducial
markers, were embedded in each vertebral body and the
sacrum. We obtained fine slice (0.3 mm) axial CT scans of
the specimen after the embedding of the fiducial markers
and prior to experiments. Anatomic 3-D solid models were
constructed of each vertebral body and sacrum from these
axial CT scans (Mimics, Materialise, Leuven, Belgium).
Key landmarks were identified on each bone reconstruction
and used in data analysis.

Fig. 2. Lumbar total joint replacement prosthesis (BalancedBack Total
Joint Replacement, 3Spine SEZC, Grand Cayman, Cayman Islands).
Figure courtesy of 3Spine SEZC.

Pelvic incidence (PI) was measured from the 3-D solid
models and a lateral x-ray of the specimen with attached
pelvis. Radiographic measurement of PI is illustrated in the
standing x-ray of an individual (Fig. 3). SS in standing posture was estimated by subtracting an estimated value of pelvic tilt (PT) from the PI measurement:
SSest ¼ PIPTest
The PT was estimated to be 12 degree from the normative data reported by Le Huec and Hasegawa [15].
The pelvis was then removed and the T10-sacrum specimen was mounted in the experimental set-up in standing
posture. The lumbopelvic alignment parameters in standing
posture for individual specimens are listed in Table 1.

Experimental set-up
The specimen was mounted in the apparatus in accordance with the measured PI and an estimate of SS in a
standing posture. For example, if the PI of the specimen
was measured as 57˚, then assuming a nominal value of PT
of 12˚ yielded a nominal SS of 45˚ from horizontal (SS = PI
- PT). If this theoretical alignment produced an unusually
high T10-S1 SVA, that is, horizontal offset of T10 from S1,
then the starting SS was adjusted to produce a compromise
between SS and T10-S1 SVA.
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preload in vivo. The apparatus allowed application of compressive follower preload representing the physiologic preload acting in the lumbar spine [16]. The 400N
compressive preload was applied using bilateral loading
cables that were attached to the cup holding the T10 vertebra. The cables passed freely through guides anchored to
each vertebra and were connected to a loading system under
the specimen [17].
To assess vertebral motions, infrared targets were rigidly
attached to each vertebral body. These targets were tracked
using an optoelectronic motion measurement system (Optotrak Certus, Northern Digital, Waterloo, Ontario, Canada).
A reference or stationary target that defines the specimen’s
anatomic coordinate system was mounted at the base of the
apparatus.
Specimens were wrapped in saline soaked towels to
prevent dehydration of the tissues, and all testing was
completed in a single testing session. To preserve softtissue integrity during repeated testing, biomechanical
testing utilized submaximal bending moments and compressive loads. The tests were stopped when an applied
moment of 8 Nm was reached in flexion or 6 Nm in
extension [17,18].
Protocol steps
Flexibility test
First, starting with the sacrum fixed in the standing posture and T10 unconstrained we measured the flexibility of
the thoracolumbar spine specimen as the spine moved
between an 8 Nm flexion moment and a 6 Nm extension
moment applied to T10. This loading modality is commonly used in studies of kinematic assessment of lumbar
spine segments before and after a fusion or motion preservation surgery [18−20]. This protocol step helped in documenting the motion reserve available in various segments
in the native state and after each surgery.
Fig. 3. Radiographic measurements of spinal alignment parameters in
standing posture, illustrated in the standing x-ray of an individual.

The apparatus design (Fig. 4) allowed us to adjust the SS
by tilting the sacrum in the sagittal plane about the midpoint
of its superior endplate. The cup holding the specimen’s
T10 vertebra was allowed to move in the caudal-cephalad
direction to account for changing vertical height in response
to changing SS. The angular motion of the T10 vertebra in
the sagittal plane (T10 tilt) was unconstrained. Multiaxis
load cells (AMTI, Watertown, MA) were mounted at the
base and top of the specimen to measure resultant forces
and moments applied to the specimen at the bottom and top
boundaries.
Due to muscle tone, muscle activity, and weight-bearing,
the human spine is always under some level of compressive

Posture test
This test simulated postural transition from standing to
sitting while maintaining the anterior-posterior position of
the T10 vertebra constant and allowing the vertebra to
translate vertically and tilt in the sagittal plane (Fig. 4).
Starting from the standing posture, the sacrum was gradually tilted in the anterior direction (increasing SS), until an
extension moment limit (6 Nm) was reached. The sacrum
was then tilted in the reverse direction (posterior tilt),
decreasing the SS, until a flexion moment limit (8 Nm) was
reached. Two complete cycles were performed to ensure
reproducible data.
Following testing of the native (intact) specimen, surgical procedures were performed in the sequence described
previously in the methods section. The flexibility test and
posture test were repeated after each surgical procedure.
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Table 1
Specimen demographics and lumbopelvic alignment in standing posture
Specimen

Age
(Years)

Gender
(M/F)

PI
(Degrees)

SS
(Degrees)

Lordosis L1−S1

Lordosis
L4−S1

Lordosis
L5−S1

1
2
3
4
5
6
7
8
Average
SD

55
62
37
54
58
68
58
60
56.5
9.0

F
F
M
F
M
M
M
M

54
38
42
51
58
−
77
45
52.1
13.0

39
34
42
38
45
39
58
25
40.0
9.4

47
31
43
35
44
33
57
13
37.9
13.2

24
33
39
26
39
32
47
4
30.5
13.0

22
25
21
18
25
18
28
2
19.4
9.3

PI, pelvic incidence; SS, sacral slope.
The pelvic incidence for specimen #6 could not be measured since the specimen did not have an attached pelvis.

Fig. 4. Apparatus: (a) sketch, (b) photo. The apparatus allowed us to change the sacral slope by tilting the sacrum in the sagittal plane about the midpoint of
the sacrum superior endplate. The cup holding the specimen’s T10 vertebra was allowed to move in the caudal-cephalad direction to account for changing
vertical height in response to changing sacral slope. The angular motion of the T10 vertebra in the sagittal plane (T10 tilt) was unconstrained. Load cells,
mounted at the base and top of the specimen, measured resultant forces and moments applied to the specimen.
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Table 2
Segmental range of motion during flexibility tests from extension to flexion (6 Nm to 8 Nm) in each of the six specimen conditions
Segment

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

T10−T11
T11−T12
L1−L2
L2−L3
L3−L4
L4−L5
L5−S1

2.7˚§1.4˚
2.7˚§0.9˚
5.3˚§2.1˚
7.4˚§2.9˚
7.3˚§1.8˚
9.0˚§2.6˚
9.0˚§3.3˚

3.6˚§1.4˚
3.4˚§1.2˚
6.3˚§2.3˚
8.1˚§3.1˚
7.9˚§1.9˚
9.6˚§3.5˚
1.0˚§0.5˚

3.8˚§1.5˚
3.2˚§1.3˚
5.9˚§2.5˚
8.1˚§2.8˚
7.8˚§1.8˚
10.7˚§3.3˚
18.4˚§6.3˚

3.3˚§2.6˚
3.0˚§1.4˚
5.5˚§1.9˚
7.6˚§2.0˚
8.3˚§1.6˚
14.1˚§2.5˚
19.9˚§7.0˚

3.0˚§1.6˚
3.6˚§1.7˚
6.2˚§2.3˚
7.7˚§2.0˚
8.8˚§2.0˚
16.3˚§3.6˚
1.3˚§0.7˚

3.2˚§1.6˚
3.9˚§1.8˚
6.4˚§2.3˚
7.9˚§1.9˚
9.0˚§2.0˚
0.4˚§0.2˚
0.6˚§0.3˚

Results
Motion reserve in the thoracolumbar segments
Segmental motions in response to moments applied from
extension to flexion in the specimen’s standing posture,
measured in the flexibility test, are documented in Table 2.
Preoperative ROM of the native L4−L5 and L5−S1 segments in flexion-extension were 9.0§2.6 degrees and 9.0§
3.3 degrees, respectively. Instrumented fusions (immobilizations) at L5−S1 and L4−L5 segments using transpedicular screws and rods resulted in motions at these levels
averaging under 2.0 degrees. The prosthesis increased flexion-extension ROM to 14.1§2.5 degrees at L4−L5
(p=.017) and 18.4§6.3 degrees at L5−S1 (p=.011).

SS changes during postural transition from standing to
sitting
In the intact spine, transition from standing to sitting produced a decrease in SS from 41.5§8.8 degrees to 24.3§9.5
degrees at the 8 Nm flexion moment limit (Table 3;
p<.0001).
After L4−S1 fusion, the sacrum could not be tilted as far
posteriorly as with the native intact spine; the 8 Nm
moment limit was reached at mean SS of 33.5§8.2 degrees,
which corresponded to significantly less posterior tilt of the
sacrum than that achieved in the native intact condition:
33.5 degrees versus 24.3 degrees (p=.0007). Further posterior tilting of the sacrum in the fused specimen would have
induced flexion moment greater than 8 Nm in the lumbar
spine. Conversely, after L5−S1 TJR the mean SS reached
at 8 Nm flexion moment limit was 19.8§7.3 degrees;
smaller than the SS value reached with native intact condition at 8 Nm flexion moment but without statistical significance (p=.21). Similarly, two-level joint replacement

across L4−S1 also yielded a smaller SS at 8 Nm flexion
moment (SS=20.0§9.6 degrees). Average SS at 8 Nm flexion moment for the hybrid configuration, 24.5§9.5 degrees,
was approximately the same as native intact condition at 8
Nm moment limit (SS=24.3§9.5 degrees; p=.9).
Loading of the lumbar spine during postural transition
Fig. 5 shows the relationship between the moment
recorded at the base of the specimen and the SS as it is
increased or decreased from the starting value for a typical
specimen. Curves are shown for the intact specimen and
after each subsequent surgical procedure. The moment versus SS curves describe nonlinear relationships between the
upper and lower moment bounds of 8 Nm and 6 Nm,
respectively.
In the specimen shown in Fig. 5 (specimen #3), the largest common SS achieved prior to reaching the 8 Nm flexion
moment limit was 34.4 degrees (vertical dotted line) corresponding to the condition when L4−S1 segments were
fused. The flexion moment recorded at the base during transition from standing to the SS of 34.4 degrees was calculated for each of the other five states as demonstrated in
Fig. 6 and tabulated in Table 4. The flexion moment at the
base of the lumbar spine induced during the transition from
standing to sitting after a two-level L4−S1 fusion was
3.2 times that in the native spine in this specimen.
The above calculations were performed for all eight
specimens and average values are presented in Table 5.
Over the eight specimens tested in the study, the flexion
moment at the base of the lumbar spine induced during transition from standing to sitting after a two-level L4−S1
fusion was 2.9 times that in the native spine. Conversely,
the L4−S1 hybrid construct and the arthroplasty (one- and
two-level) constructs restored the loads on the lumbar spine
to normal levels.

Table 3
Sacral slope during the posture test in for each protocol step
Sacral slope (SS)

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

Starting (standing)
Ending (sitting)

41.5˚§8.8˚
24.3˚§9.5˚*

41.8˚§8.5˚
28.7˚§7.7˚*

42.1˚§8.7˚
19.8˚§7.3˚*

41.7˚§8.4˚
20.0˚§9.6˚*

42.3˚§8.8˚
24.5˚§9.5˚*

42.0˚§8.8˚
33.5˚§8.2˚*,y

* Significant difference from the standing posture (p<.01).
y
Significant difference from sitting posture in the intact (native) spine (p<.05).
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Fig. 5. Relationship between the changing sacral slope and resulting moment at the specimen’s base. Data are from a representative specimen (specimen #3).

Proximal lumbar segment motions during postural
transition
Segmental motion resulting from postural transition as
the SS is increased or decreased from the starting SS value

is shown in Fig. 7 for the L3−L4 segment of a representative specimen (specimen #3). Curves are shown for the
intact specimen and after each surgery. The L3−L4 segment was chosen because that is the immediate adjacent

Fig. 6. Calculating moment (Nm) at the specimen’s base during transition from standing to the largest SS that is common to all six specimen states. The largest common SS corresponded to the specimen state with L4−S1 fusion. Data are from a representative specimen (specimen #3).
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Table 4
Flexion moment recorded at the specimen’s base during the postural transition from standing SS to an SS of 34.4 degrees in various specimen states, data for
specimen #3
Flexion moment

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

Magnitude
Normalized

2.5 Nm
1.0

3.3 Nm
1.3

2.9 Nm
1.2

4.0 Nm
1.6

4.3 Nm
1.7

8.0 Nm
3.2

Table 5
Normalized flexion moments recorded at the specimen base during transition from standing to sitting in various specimen-states (N=8)
Flexion moment

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

Magnitude
Normalized

3.0 (0.9)
1.0

3. 8 (0.9)
1.3 (0.2)*

1.9 (0.6)
0.7 (0.3)

2.1 (0.8)
0.8 (0.4)

3.0 (1.1)
1.1 (0.4)

8.0 (0.0)
2.9 (1.0)*,y

* Significant difference from intact (p<.001).
y
Significant difference from L5−S1 fusion (p<.001).

segment proximal to the index levels of L4−S1, where
either instrumented fusion or joint replacement was performed. In this specimen, the largest common SS achieved
prior to reaching the 8 Nm flexion moment limit was 34.4
degrees (Fig. 7), which corresponded to the condition when
L4−S1 segments were fused. Segmental flexion at L3−L4
segment during transition from standing to the SS of 34.4
degrees was calculated for each of the six states as demonstrated in Fig. 8 and tabulated in Table 6. The flexion
motion of the L3−L4 segment during transition from standing to sitting after a two-level L4−S1 fusion was 3.6 times
that in the native intact condition for this specimen.
The above calculations were performed for all specimens and average values are presented in Table 7. Over the
eight specimens tested in the study, the flexion motion of

L3−L4 segment during transition from standing to sitting
after a two-level L4−S1 fusion was 2.4 times that in the
native intact condition. Conversely, the L4−S1 hybrid construct and the arthroplasty constructs restored the adjacent
segment motions to normal levels.
Discussion
In this biomechanical study utilizing human thoracolumbar spine specimens, we measured lumbar segmental
motions and moments during a simulated postural transition
from standing to sitting for the following conditions: (1)
Native (intact) spine; (2) one-level instrumented fusion at
L5−S1; (3) one-level TJR at L5−S1, (4) two-level TJR at
L4−S1, (5) hybrid construct at L4−S1 (TJR at L4−L5

Fig. 7. L3−L4 segmental motion (degrees) during postural transition as the sacral slope is increased or decreased from the starting SS value. Curves are
shown for the intact specimen and after each surgery. Data are from a representative specimen (specimen #3).
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Fig. 8. Calculating segmental motion (degrees) at L3−L4 during transition from standing (SS=42.5 degrees) to the largest SS that is common to all six specimen states. The largest common SS corresponded to the specimen state with L4−S1 fusion. Data are from a representative specimen (specimen #3).

above an L5−S1 fusion), and (6) two-level instrumented
fusion across L4−S1. For the same reduction in SS, fusion
of L4−S1 segments induced 2.9 times the flexion moment
in the lumbar spine and required 2.4 times the flexion
motion of the proximal segments as the native intact condition. Conversely, motion preservation at the lower lumbar

levels normalized the lumbar spine loading and proximal
lumbar segment motions to intact specimen levels during
postural transition from standing to sitting.
Our biomechanical experiment aimed to recreate lumbosacral alignment changes caused by a person’s postural
transition from standing to sitting in cadaveric

Table 6
L3−L4 flexion motion during the postural transition from standing to an SS of 34.4 degrees in various specimen states, data for specimen #3
L3−L4 flexion

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

Magnitude
Normalized

1.5˚
1.0

2.4˚
1.6

2.2˚
1.4

3.2˚
2.0

3.5˚
2.3

5.5˚
3.7

Table 7
Normalized segmental motions during transition from standing to sitting in various specimen states averaged over all specimens (N=8)
L3−L4 flexion

Intact

L5−S1 fusion

L5−S1 TJR

L4−S1 TJR

L4−S1 hybrid

L4−S1 fusion

Magnitude
Normalized

2.2 (1.4)
1

2.9 (1.4)
1.4 (0.3)*

1.5 (0.7)
0.8 (0.4)

1.6 (0.7)
0.9 (0.5)

2.5 (1.4)
1.2 (0.5)

4.4 (1.3)
2.4 (1.0)*,y

* Significant difference from intact (P<0.01).
y
Significant difference from L5−S1 fusion (p<.01).
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Fig. 9. L1−S1 and L4−S1 lordosis versus sacral slope. Data are from a
representative specimen (specimen #3).

thoracolumbar (T10-sacrum) spine specimens. Previous
postural studies of lumbopelvic alignment in ten asymptomatic adults [9,10] and 70 patients presenting with low back
pain symptoms [11] reported significant SS reductions
ranging from 10 to 25 degrees in sitting postures as compared to standing, and significant reductions in global lumbar (L1−S1) lordosis ranging from 10 to 35 degrees.
Reductions in lordosis across L4−S1 accounted for more
than 50% of the decrease in global lumbar lordosis [9
−11]. In the present study, we observed that global (L1
−S1) and L4−S1 lordosis decreased with decreasing SS
(p<.001) for the intact spine specimens, as illustrated for
a typical specimen (specimen #3) (Fig. 9). In this specimen, a reduction in the SS of 21.3 degrees caused a loss
of global lumbar (L1−S1) lordosis of 26.3 degrees. The
L4−S1 lordosis reduction was 15.9 degrees, accounting
for 61% of the loss in L1−S1 lordosis. The lumbosacral
alignment changes, averaged over all eight specimens,
are shown in Table 8. The reduction in L4−S1 lordosis
accounted for 51.4% of the global lumbar lordosis loss.
These SS and lordosis results compare well with the data
in the literature and provide validation that the experimental model can be used to study, in the laboratory, the
motions of the lumbosacral spine associated with a transition from standing to different sitting postures such as
those illustrated in Fig. 1.

The loads and resulting motions experienced by the segments of the thoracolumbar spine during the postural transition from standing to sitting as simulated in our experiments
are inherently different from those experienced in a standard
range of motion experiment in which the specimen is subjected to nearly “pure” extension-to-flexion moments. In the
latter case, each segment of the specimen is subjected to about
the same magnitude of moment and the resulting segmental
motions are the result of individual segment’s stiffness in flexion-extension (motion=moment/stiffness). In the simulated
stand-to-sit experiment, however, a moment is applied to the
sacrum to tilt it posteriorly (reducing the SS) while constraining the posterior movement of T10. The resulting anteriorly
directed shear force at T10 creates a linearly increasing flexion moment, peaking at the L5−S1 segment. In vivo, the
shear force could be caused by the support provided by the
chairback or could be thought of as the net action of the trunk
muscles responsible for maintaining a seated posture without
a chairback support. This difference in the two loading modes
might also explain the greater burden placed on the immediately adjacent segment during sitting after a lower lumbar
fusion surgery since that segment is subjected to a greater
flexion moment than the more proximal segments.
While several studies have investigated the effects of lumbar fusions on the motions and loads at adjacent segments in
the standing posture, there are few published reports on the
role of postfusion sitting as a potential risk factor for increasing mechanical loading of adjacent segments. Two articles
reviewed the scientific literature on clinical and biomechanical studies that investigated the effects of one or more fusion
levels on the angular range of motion, intradiscal pressures,
facet loads, or lamina strains at the adjacent levels [21,22].
Senteler et al. [23] presented a computer simulation based on
eight cadaveric spine specimens and incorporated hypothetical muscle forces. The forces at the adjacent level were calculated for different L4−L5 fusion alignments while the model
was subjected to flexion and extension moments in the standing posture. These previous studies did not investigate postfusion seated postures.
To our knowledge, there are no studies that reported
adjacent segment loading during postural transition from
standing to sitting comparing fusion versus motion preservation at the lower lumbar levels. Studies in the literature
report intradiscal pressures and motions during range of
motion experiments or simulations performed on anterior
disk replacement prostheses [24−29]. The present study
provided a novel approach for functional assessment of the
human spine with a lumbar motion preservation prosthesis

Table 8
Decreases in sacral slope and lumbar lordosis caused by a transition from standing to sitting

Average
Range

Decrease in sacral slope (A)

Decrease in L1−S1 lordosis (B)

Decrease in L4−S1 lordosis (C)

C/B

15.8 (5.2)*
8.3−22.9

18.9 (6.7)*
9.2−27.0

9.8 (4.4)*
3.4−16.7

51% (13)
34%−65%

* Statistically significant decrease compared to the values in standing posture (p<.001)
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in the two most common load-bearing activities of daily
living.
A limitation of the present study is that in our cadaver
model, the angular compensation in simulated postfusion
sitting is only through motions occurring in the unfused spinal segments of the T10-sacrum specimen. In vivo, a patient
may choose to alter his/her sitting posture and pelvic position in addition to attempting compensation within the thoracolumbar spine. Such actions on the part of the patient
may reduce the junctional burden predicted by the “worstcase” scenario represented in this cadaver model. Imaging
studies of fusion patients will provide valuable insight into
the possible adjustments that patients undertake to allow
them to sit in erect or relaxed postures, which will influence
the adjacent segment stresses.
Conclusions
In general, sitting requires lower lumbar segments to
undergo flexion, thereby increasing load on the lumbar
disks. Fusion of lower lumbar segments induced greater
flexion moments and required increased flexion of the proximal segments to achieve the same decrease in SS to attain
a comparable seated posture. Motion preservation using the
TJR prosthesis at the lower lumbar levels brought the lumbar spine loading and motion in the proximal lumbar segment to intact specimen levels during transition from
standing to sitting.
Clinical relevance
After lower lumbar fusion, increased proximal segment
loading during sitting may cause discomfort in some
patients and may lead to junctional breakdown over time.
Preserving motion at the lower lumbar segments may
improve patient comfort and function during activities of
daily living, and potentially decrease the need for adjacent
level surgery.
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