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Comparison of Segmental Mobility in Lumbar
Extension Radiographs between a New Technique
(“Fulcrum Bending Position”) and Conventional

Standing Position in Spondylolisthesis Patients
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Study Design: Cross-sectional study.

Purpose: This was carried out to evaluate the benefit of a “fulcrum bending position’ compared with the standing position for evalua-
tion of sagittal translation and sagittal rotation in symptomatic patients with spondylolisthesis.

Overview of Literature: In lumbar X-ray, the standing position is the most common position used in determining abnormalities in
lumbar movement. Lack of standardized method is one of the pitfalls in this technique. We hypothesized that the new technique, that
is, fulcrum bending position, may reveal a higher translation and rotation in spondylolisthesis patients.

Methods: The extension lumbar radiographs of 36 patients with low-grade spondylolisthesis were included in the analysis and mea-
surement. Sagittal translation and sagittal rotation were measured in both the routine standing position and in our new technique,
the fulcrum bending position, which involves taking lateral cross-table images in the supine position wherein the patient lies on a
cylindrical pipe to achieve maximum passive back extension by the fulcrum principle.

Results: Results of the measurement of sagittal translation in both positions revealed that compared with the extension standing po-
sition, the fulcrum bending position achieved a statistically significant increase of 1.57 mm in translation of the vertebra position (95%
confidence interval [Cl], 0.52—2.61; p=0.004). The measurement of sagittal rotation in both positions revealed that when compared
with the extension standing position, the fulcrum bending position achieved a statistically significant increase of 3.47° in the rotation
of the vertebra (95% Cl, 1.64-5.30; p<0.001).

Conclusions: For evaluation of both sagittal translation and sagittal rotation in symptomatic patients with spondylolisthesis, com-
pared with the extension standing position, the fulcrum bending position can achieve an increased change in magnitude. Our tech-
nique, that is, the fulcrum bending position, may offer an alternative method in the detection or exclusion of pathological mobility in
patients with spondylolisthesis.
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Introduction

The most commonly used imaging method for the de-
tection abnormal segmental mobility is lumbar flexion-
extension radiography taken in a standing position. This
method is used by many surgeons in the detection of
abnormal vertebral motion or as a basis for decisions re-
garding surgical fusion using results from the radiographs
[1-4]. The range of lumbar segmental mobility is wide,
but a sagittal translation of >4 mm or 28% is commonly
accepted as a radiologic sign of pathologic mobility [3,5-
7]. Nonetheless, questions remain regarding the use of the
standing position in determining pathologic lumbar mo-
bility owing to its lack of routine reference standard, inac-
curate reproducibility, and nonstandardized techniques.
Critical discussions are ongoing on the optimal patient
position that can reveal maximal sagittal translation and
sagittal rotation. However, in symptomatic patients, pain
may prevent adequate voluntary bending of the trunk,
especially in extension, which can lead to an underestima-
tion of intervertebral motion. Furthermore, even a small
difference in measurements can produce a meaningful
vertebral slip, especially in low-grade spondylolisthesis. A
vertebral slip can be an important criterion in deciding for
or against fusion surgery. A low-grade spondylolisthesis
with a sagittal translation <5 mm, compared with flexion-
extension radiographs, no longer seems to represent a cri-
terion for fusion surgery. Therefore, a patient with ‘stable’
spondylolisthesis can undergo spinal decompression sur-
gery without instrumentation [8,9].

Because of this issue with standing extension radio-
graphs, we propose a method called the ‘fulcrum bending
position, which may achieve maximum back extension.
This position uses the fulcrum bending principle as the pa-
tient is in the supine position on a cylindrical pipe, which
allows gravity to passively extend the back. In this study,
we hypothesized that higher sagittal translation and sagit-
tal rotation values will be revealed through imaging in the
fulcrum bending position than in the standing position in
symptomatic patients with low-grade spondylolisthesis.

Materials and Methods

An institutional review board of Lerdsin Hospital ap-
proved the research protocol in the study (IRB approval
no., 0306/13/205). Written informed consent were ob-
tained from all the participants. Patients diagnosed to
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have low-grade lumbar spondylolisthesis with symptom-
atic back pain or radicular pain by clinical and routine
radiographic examination in Lerdsin Hospital from Janu-
ary 2015 to December 2016 were included. Patients were
excluded if they had any contraindication for radiography
and had undergone any spinal surgery. Based on calcula-
tions, the sample size needed was 30 patients.

1. Radiographs

Lateral-view images using our technique extension with
fulcrum bending position were obtained in 36 patients, in
addition to the routine L-S spine radiographic views in the
standard anterior-posterior, standing lateral, and standing
lateral flexion-extension positions. To make sure that the
distance between the patients and the X-ray source re-
mained constant, we analyzed the images only of patients
who received the radiographs in Lerdsin Hospital, Bang-
kok, Thailand. The distance between the X-ray source and
the patient during plain and functional radiography was
1.15 m. The X-ray cassette was placed as close as possible
to the patients. All radiographs were digitally available in
our hospital archives.

The method of Dupuis et al. [3] was used to analyze
the sagittal translation and sagittal rotation values (Fig.
1). Translational displacement was measured in absolute
values and percentages of the upper vertebral body width.
To validate the assessed data, two different clinicians inde-
pendently performed the measurements.

.
Fig. 1. Lateral radiograph of the lumbar spine showing the mea-
surement technique of Dupuis et al. [3]. The perpendicular distance
between parallel lines ‘a” and ‘b’ defines the sagittal translation. The
angle between the inferior endplate of the superior vertebra (line ‘d’)
and the superior endplate of the inferior vertebra (line ‘e’) at the spon-
dylolisthesis defines the sagittal rotation.
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Fig. 2. Radiographs in the standing-flexion (A) and extension (B) posi-
tions. The distance between the X-ray source and the patient during
radiography was 1.15 m. The X-ray cassette was placed as close as
possible to the patient.
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Fig. 3. (A-C) Fulcrum bending pipe. It is a cylindrical PVC pipe, with
a diameter of 30.48 cm and length of 60.96 c¢m. To stahilize the pipe
from movement when the patient lies on top of the pipe, a thin, U-
shaped metal piece is inserted underneath the pipe.

2. Positioning technique

In the standing position, the patients were asked to volun-
tarily lean their trunk forward and backward as much as
possible (Fig. 2), after which they were positioned in the
fulcrum bending position. The patients lied down supine
on a flat-top table and were then asked to lift their back
away from table with their legs. The technician then put a
30.48-cm-diameter cylindrical PVC pipe (Fig. 3) into the
space between the patient’s back and the table. The pa-
tients laid their back on the top of the pipe, and then they
passively let the upper trunk extend backward. The iliac
crest was adjusted so that it lies on top of the pipe (Fig. 4).
Radiography was performed in a lateral cross-table view
where the distance between the X-ray source and the pa-
tients was 1.15 m. The X-ray cassette was placed close to
the patients as much as possible [10].
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Fig. 4. Position in the fulcrum bending technique. The patient lies su-
pine on the pipe. The top of the pipe was at the level of the iliac crest,
allowing the patient’s trunk to passively extend backward (A, B). The
distance between the X-ray source and the patient during radiography
was 1.15 m. The X-ray cassette was placed as close as possible to the
patient (C).
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Fig. 5. Lateral extension radiographs of the lumbar spine comparing
the two techniques. (A, B) Pictures A (SP) and B (FBP) show sagittal
translation. (C, D) Picture C (SP) and D (FBP) show sagittal rotation.
This is performed according to the measurement technique of Dupuis
et al. [3]. SP, standing position; FBP, fulcrum bending position.

3. Data analysis

Sagittal translation and sagittal rotation were defined as
the differences in translation and rotation from the flexion
standing position to the extension position, respectively.
In the standing position, the sagittal translation or sagit-
tal translation can be calculated as flexion in the standing
position minus extension in the standing position. In the
fulcrum bending position, the values are calculated by
flexion in the standing position minus extension in the
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fulcrum bending position (Fig. 5). A DICOM-based com-
puter software program (UniWeb; EBM Technologies Inc.,
Taipei, Taiwan) was used to aid in performing the mea-
surements. The values are expressed as means and stan-
dard deviations. Statistical analysis was performed using
the paired t-test for the outcomes and intraclass correla-
tion coefficient for reliability. Along with the comparison
of absolute and relative values, analyses were conducted to
determine the ability to detect a pathologic sagittal trans-
lation and sagittal rotation, as defined by previous studies
(i.e., sagittal translation of >4 mm or >8% at L1-L5 and
26% at L5-S1 and sagittal rotation of >10° at L1-L5 and
>2° at L5-S1), through the various positions (i.e., standing

Table 1. Gender, age, type, level, and grading

Characteristic Value

Population 36
Gender

Female 32(89.0)

Male 4(11.0)
Age (yr) 51(18-72

<20 1(2.9)

21-40 6(17.1)

41-60 16 (45.7)

>60 12(34.3)
Type of spondylolisthesis

[sthmic 29(81.0)

Degenerative 7(19.0)
Grade of spondylolisthesis

Grade | 34 (94.0)

Grade I 21(6.0)
Level of interest

L1-2 0

2-3 0

L3-4 3(8.0)

L4-5 24.(67.0)

L5-S1 9(25.0)

Values are presented as number, number (%), or mean (range), unless
otherwise stated.

Table 2. Sagittal translation

position and fulcrum bending position) [7,11].

Results

A total of 36 patients were included in this study, most of
which were women (n=32), with only a few men (n=4).
The age of the patients ranged from 18 to 72 years (mean,
51 years). All patients had spondylolisthesis (grade I in 34
cases and grade II in two cases), with most (n=29) having
an isthmic type and experiencing claudication, back pain,
and sciatica. Most patients had spondylolisthesis at L4-L5
(Table 1).

1. Sagittal translation

A higher degree of translation was revealed by the ful-
crum bending position when compared with the standing
position, with a mean difference of 1.57 mm (p=0.004)
(Table 2). The subgroup analysis revealed a statistically
significant difference in patients younger than 60 years
(p=0.024) and those with degenerative type (p=0.001) and
L1-L4 level (p=0.006) spondylolisthesis but not in patients
older than 60 years (p=0.136) and those with isthmic type
(p=0.310) and L5-S1 level (p=0.638) spondylolisthesis
(Table 3).

2. Sagittal rotation

Compared with the standing position, the fulcrum bend-
ing position showed a remarkably superior degree of
rotation, with a mean difference of 3.47° (p<0.001) (Table
4). This was statistically significant in patients of all age
groups and affected levels but not in patients with isthmic
spondylolisthesis (p=0.064) (Table 3).

3. Reliability of measurement

Good intraobserver and interobserver reliabilities were
found for both positions (Table 5).

95% Confidence interval

Technique Mean translation+standard deviation (mm)

4.6+4.95
6.244.62

Standing
Fulcrum

Mean difference (mm)

p-value

1.57 0.004 0.52-2.61
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Table 3. Subgroup analysis by age, type of spondylolisthesis, and level of interest

Mean Mean
Variable Technique translation+SD difference p-value
(mm) (mm)
Age (yr)
<60 Standing 0.58+3.10 1.66 0.024
Fulcrum 2.23+3.61
>60 Standing 0.40+3.96 0.73 0.136
Fulcrum 1.13+3.14
Type of spondy-
lolisthesis
Isthmic Standing 0.21+£3.58 0.92 0.310
Fulcrum 1.14+4.30
Degenerative Standing 0.23+2.74 1.68 0.001
Fulcrum 2.09+3.16
Level of interest
L1-L4 level Standing 0.20+2.88 2.08 0.006
Fulcrum 2.28+3.35
L5-S1 level Standing 0.65+4.02 0.32 0.638
Fulcrum 0.33+4.45

Mean Mean
rotation+SD difference p-value 95% Cl
() ()

95% ClI

02410308  310:598 306 0030 03310579
6.16+8.56

05610361  260:377 360 0001 185t0535
6.2044.72

09410278 2475627 239 0064 03310579
5.89:9.56

11610360  383:43 344 <0001 196t04.92
726443

06610349  340:571 271 0014 060t0482
6.11+7.28

036t

18410119 230:664 543 0039

7.73+8.35

SD, standard deviation; CI, confidence interval.

Table 4. Sagittal rotation

Mean difference (°)

p-value 95% Confidence interval

Technique  Mean rotationzstandard deviation (°)
Standing 5.49+12.93
Fulcrum 8.96+9.86

3.47 <0.001 1.64-5.30

Table 5. Reliability of measurement

Intra-observer reliability

Inter-observer reliability

Technique

Intra-class correlation coefficient 95% CI Intra-class correlation coefficient 95% CI
Standing 0.87 0.84-0.88 0.81 0.80-0.82
Fulcrum 0.87 0.87-0.89 0.82 0.81-0.83

Cl, confidence interval.

Discussion

This study shows that in most of the 36 symptomatic pa-
tients with low-grade spondylolisthesis included, radiog-
raphy in the fulcrum bending position produces a greater
sagittal translation value than the standard standing posi-
tion does. Sagittal rotation was also more distinct with the
fulcrum bending position than with the standing position.

Whereas the standard standing position had a pathologic
sagittal translation in only 5% of cases, the fulcrum bend-
ing position revealed a pathologic sagittal translation in
17% of cases. Our interobserver error is comparable with
those of other studies and did not affect the statistical re-
sults [12,13].

Abnormal translation seems to be increased in the stand-
ing position when compared with other positions [12-17].



Thus, the standard imaging technique used to reveal maxi-
mal segmental motion is the dynamic flexion extension
radiograph [1,2,18]. Pain leads to decreased intervertebral
motion in symptomatic patients with spondylolisthesis
[19]. Acceptable functional radiographs depend on the pa-
tient’s effort and cooperation and on the examiner’s proper
control; when these factors change, motivation can lead
to different results from test to test [20]. Compared with
imaging in a standing position with activation of the back
muscles, imaging in a fulcrum bending supine position
(with the muscles in a relaxed state and gravity allowed to
passively extend the back) identified 17% of patients with a
pathologic segmental mobility that was apparent in only 5%
of patients in the standing position.

In addition, greater values of sagittal rotation could be
assessed in the fulcrum bending position. Interestingly,
in all cases, increased sagittal rotation did not accompany
pathological sagittal translation. An explanation for this
could be the degenerative changes in the intervertebral
space and the facet joint that may hinder an adequate
angular motion. In our study, pathological sagittal rota-
tion was detected in 19% of cases through the flexion
bending position and in 5% of cases through the standing
position. This is consistent with the high variation and
limited clinical value of sagittal rotation shown in other
studies [13,16,21]. The pathogenesis of an isthmic and a
degenerative spondylolisthesis is different, as are often
the age, physical condition, and symptoms of the patients.
Therefore, the mixture of both patient groups presents a
potential bias in such a study.

Radiograph with the fulcrum bending position was
used to accurately predict scoliosis curve correction [10].
We applied this technique to determine the correction
of spondylolisthesis in sagittal translation and rotation
because it allows an excellent degree of deformity correc-
tion. Compared to the standard standing position, this
position provides higher values in both sagittal translation
and sagittal rotation.

A remarkably higher magnitude of translation and rota-
tion was achieved in the standing position than the ful-
crum bending position in flexion radiography because the
abdomen limits lumbar motion when the patient is supine
on the cylindrical pipe. Therefore, we still acknowledge
that the standing position is the standard procedure for
flexion radiography. Most patients with spinal instabil-
ity experience more pain when they extend backward
than from forward flexion. We assume that pain is not a
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problem when the patients perform flexion radiography,
so underestimation of occult instability is less when com-
pared to extension radiography.

The study has several limitations that must be consid-
ered. First, there was lack of variety in patient character-
istics. Future studies need to address this issue. Second,
computed tomography (CT) is considered as the most
accurate tool for the assessment of the degree of slip, but
the patient must be examined in the supine position. Ob-
taining CT images is technically challenging, and from a
financial point of view, it is probably not available in every
institute. Third, long-term follow-up result may have a
benefit, particularly for the undetected instability in the
standing position group. Other clinical applications of
a backward fulcrum bending position could be done to
determine the surgical reduction or deformity correction
required in high-grade spondylolisthesis and sagittal im-
balance.

Conclusions

The fulcrum bending position achieved a higher magni-
tude of translation and rotation than did the standing po-
sition in the evaluation of sagittal translation in symptom-
atic patients with spondylolisthesis with limited lumbar
extension due to pain. Our technique of fulcrum bending
position provides an alternative method for the detection
or exclusion of pathological mobility in surgical cases that
require decision-making for management with spinal fu-

sion.
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