L))

Check for
updat

Original Article

A retrospective cohort study on the significance of preoperative
radiological evaluation of lumbar degenerative diseases for
surgical reference

Xiaowen Liu*, Yang Hou*, Hongyang Shi, Tianyi Zhao, Chenxi Sun, Jiangang Shi, Guodong Shi
Department of Orthopaedic Surgery, Changzheng Hospital, Second Military Medical University, Shanghai, China

Contributions: (I) Conception and design: Y Hou, X Liu, G Shi; (II) Administrative support: G Shi, ] Shi; (III) Provision of study materials or patients:
T Zhao, C Sun; (IV) Collection and assembly of data: X Liu, H Shi; (V) Data analysis and interpretation: X Liu, J Shi; (VI) Manuscript writing: All
authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work and should be considered as co-first authors.

Correspondence to: Dr. Guodong Shi, PhD. Department of Orthopaedic Surgery, Changzheng Hospital, Second Military Medical University, No. 415
Fengyang Rd., Shanghai 200003, China. Email: shigd8888@163.com.

Background: Radiography has low radiation exposure and the ability to acquire information. Due to its
cost-effectiveness and availability, preoperative radiographic imaging examination is considered to be a
valuable method to evaluate the condition of patients with spinal disease. The aim of this cohort study is to
analyze the impact of evaluating preoperative X-rays on the surgical management of lumbar degenerative
diseases (LDD).

Methods: We reviewed 49 patients with LDD underwent single-level posterior instrumented lumbar
fusion (PILF) between November 2017 and October 2022 in this cohort study. The median iliac angle (MIA),
iliac crest height, intervertebral facet joint degeneration, lumbosacral angle (LSA), L5/S1 intervertebral
space angle (ISA), intervertebral foramen height (IFH) and intervertebral space height (ISH) were measured
on preoperative radiographs. In addition, operative time, intraoperative blood loss and postoperative
complications were used to evaluate the surgical management. Correlation analysis was used to determine
the correlation between preoperative radiographic presentation and surgical managements. Multivariate
linear regression analysis was used for determination of risk factors for surgical management.

Results: Correlation analysis showed that the median iliac angle, height of iliac crest, lumbosacral angle
and intervertebral facet joint degeneration were significantly correlated with surgical managements (P<0.05).
Height of iliac crest, intervertebral facet joint degeneration and lumbosacral angle were positively correlated
with surgical management. Meanwhile, MIA was negatively correlated with surgical management. No
significant difference was found between the IFH, ISA, ISH and surgical managements in posterior lumbar
surgery (P>0.05). After multiple linear regression analysis, height of iliac crest, median iliac angle and
intervertebral facet joint degeneration were independent influence factors for the single-level lumbar surgical
managements.

Conclusions: Some variables measured in radiograph shows that height of iliac crest, median iliac
angle and intervertebral facet joint degeneration have a potential influence on surgical managements. The
lumbosacral angle was positively associated with surgical management, but it was not statistically significant
in multiple linear regression analysis (P>0.05). The above measurements in plain film can reflect the surgical

procedure and have some guiding implications for the operation.
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Introduction

Lumbar degenerative disease (LDD) is one of the most
common types of spine diseases, which include spinal
stenosis, lumbar spondylolisthesis, lumbar disc herniation,
and degenerative scoliosis, etc. (1-3). Posterior instrumented
lumbar fusion is a standard and widely accepted surgery
for treating LDD when conservative measures have failed
for >6 months (4,5). Numerous scholars have proposed
risk factors that may influence the surgical procedures and
postoperative outcomes of the spine, such as body mass
index (BMI), subcutaneous fat thickness, iliac crest height,
number of levels fused, and so on, but a consensus has not
been formed (6,7).

Advances in medical imaging allow us to visualize spinal
disease severity preoperatively (8). Imaging can effectively
reflect the severity of spinal disease and guide clinical
management. Using the correct imaging modality, such
as radiograph, computed tomography (CT) and magnetic
resonance imaging (MRI) during the diagnostic workup can
play a crucial role in the evaluation of the spinal surgical
managements and may subsequently aid in preoperative
planning (9). Previous MRI and CT are valuable in the
diagnosis and treatment of spinal disease (10-12). However,
the major disadvantages of MRI and CT are being more
expensive and time-consuming than X-ray (13,14). This
limits the value of both in evaluating surgical procedures.
As a routine imaging examination for evaluating various
spinal conditions, plain radiography can effectively reflect
the surgical management of lumbar surgery (15). To our
knowledge, no previous published studies have determined
the relationship between preoperative radiographic imaging
and surgical management. Due to the convenience of
radiological examination, this study aims to explore the
correlation between variables measured on preoperative
X-ray and surgical management of patients with LDD.
We present this article in accordance with the STROBE
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-1414/rc).

Methods

This cohort study was conducted in accordance with the
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Declaration of Helsinki (as revised in 2013). The study
protocol was approved by the Medical Institutional Review
Board of Shanghai Changzheng Hospital, and every patient
had signed the informed consent form before participating
in this study.

Our study reviewed 49 patients with LDD who
underwent posterior instrumented lumbar fusion (PILF)
in Shanghai Changzheng Hospital between November
2017 and October 2022. PILF surgery was defined as
posterolateral fusion with the use of pedicle screw constructs,
including PLIF and transforaminal lumbar interbody fusion
(TLIF) (6). This study included 30 patients with lumbar
disc herniation, 13 patients with spinal stenosis, and 6
patients with lumbar spondylolisthesis. Of the 49 patients
included in this study, 27 patients underwent TLIF, and
the other 22 patients underwent PLIF surgery. The mean
age of the patients was 43.1 years (ranging from 16 to 74
years) and women account for 47% of all patients. There
were no excluded cases in this study. Patient characteristics
are summarized in Tuzble 1. They met the following
inclusion criteria: (I) L5/S1 single-level posterior lumbar
surgery. (II) All procedures were done by the same senior
clinician (GDS). (IIT) Plain radiographs in all patients
were obtained preoperatively. Exclusion criteria included:
(I) comorbid serious underlying diseases (such as diabetes
mellitus, history of stroke, taking some medicines that can
easily lead to bleeding like aspirin or warfarin); (II) BMI
>35 kg/m’; (I revision surgery of lumbar spine; (IV) spinal
trauma; (V) spinal tumor; (VI) pediatric spinal surgery;
(VII) spondylolysis. Two evaluators independently screened
the patients’ information by adopting the unified inclusion
and exclusion criteria. In case of any disagreement, it was
resolved through discussion or with the assistance of a third
researcher.

The follow-up examinations were performed on the
10th day, and then at 1-month follow-ups. The subsequent
follow-up examinations were performed at 3-month
intervals. At each follow-up visit, patients were required to
receive a telephone interview and complete an assessment
questionnaire.

All patients provided standing posterior-anterior and
lateral X-ray films before surgery. Radiographic variables
analyzed included median iliac angle (MIA), iliac crest
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Table 1 Patient characteristics

Characteristics Value

Total 49

Age (years) 43.1+13.9

Sex 26 males, 23 females
Operation time (min) 84.84+26.31
Blood loss (mL) 230.8+61.06
Preoperative VAS 7.31+1.228
Postoperative VAS at 10th day of follow-up 1.69+0.652°

Preoperative ODI 69.14+10.618

Postoperative ODI at 10th day of follow-up ~ 37.88+10.066"

Complications

Cerebrospinal fluid leakage 2
Postoperative symptoms worsen 5
Neurological deterioration 1
Cage migration 1

The value is presented as means + SD. ? compared to
preoperative VAS, P<0.05; °, compared to preoperative ODI,
P<0.05. VAS, visual analog scale; ODI, Oswestry Disability Index.

height, intervertebral facet joint degeneration, lumbosacral
angle (LSA), LS/S1 intervertebral space angle (ISA),
intervertebral foramen height (IFH) and intervertebral
space height (ISH). (I) Median iliac angle: the angle
between the line connecting the highest point of the iliac
crest and the posterior superior iliac spine and the central
sacral vertical line (CSVL). CSVL was defined as a straight
line passing through the midpoint of the upper edge of S1
and perpendicular to the horizontal ground (16-18). The
median iliac angle was averaged between the left and right
sides (Figure 14). (II) Height of iliac crest: on anteroposterior
radiograph of the lumbar spine, the height of the iliac crest
was the distance between the intercrestal line and the top
middle point of the sacral vertebral body (Figure 1B) (7). (I1I)
Lumbosacral angle: lumbosacral angle is defined as the angle
along the superior endplate of S1 relative to the horizontal
plane (19). (IV) L5/S1 intervertebral space angle: the angle
between the upper and lower endplate of the intervertebral
space (20). (V) Intervertebral space height: the mean of
anterior and posterior ISH (20,21). (VI) Intervertebral
foramen height: the distance between the lower margin of
the superior pedicle and vertebral body connection and the
upper margin of the inferior pedicle and vertebral body
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connection (20). ISA, ISH and IFH are shown in Figure
IC. (VII) Degenerative grading of intervertebral facet
joint: intervertebral facet joint degeneration was divided
into three types based on radiographic imaging, type L:
the intervertebral facet joint showed no degeneration and
the joint space was normal; type II: the intervertebral joint
shows moderate hyperplasia and the joint space becomes
blurred but still visible; type III: the intervertebral joint
shows severe hyperplasia and sclerosis, and the joint space is
indistinguishable (Figure 2). Type 11 and type III are defined
as intervertebral facet joint degeneration. In order to reduce
interobserver and intraobserver errors, two independent
orthopedic surgeons evaluated the data obtained from
radiographs.

The reasons for difficulties in spinal surgery are wide in
range and include pathological/anatomical conditions of the
spine (8). The Oswestry Disability Index (ODI) scores and
visual analog scale (VAS) scores were observed preoperatively
and postoperatively. The surgical management was evaluated
on basis of the operation duration, intraoperative blood loss
volume and postoperative complications. Complications,
including cerebrospinal fluid leakage, postoperative
symptoms worsen, neurological deterioration and cage
migration, were recorded. If the variable measured on
radiographs was associated with operative time and blood
loss volume simultaneously (P<0.05), then we considered this
variable can influence spinal surgical management.

The correlations between the above measured variables
from radiographic imaging and the surgical management
were analyzed using spearman rank correlation test. P value
<0.05 was considered statistically significant. Validity and
reliability of degenerative grading of intervertebral facet
joint were assessed using kappa (k) analysis. Meanwhile,
the inter-rater reliability was assessed using the intraclass
correlation coefficient (ICC) for other radiographic
measurements including MIA, height of iliac crest, LSA,
ISA, ISH, IFH. For the analysis of statistical differences
between the three types of LDD, we used a completely
random analysis of variance (ANOVA). Multivariate linear
regression was performed for data analysis to identify
influencing factors of surgical management. Statistical
analysis was conducted using R version 4.0 (R Foundation
for Statistical Computing, Vienna, Austria) and IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY).

Results

There was a significant improvement in the patients’
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Figure 1 Measurement of the different radiographic variables. (A) Median iliac angle. (B) Height of iliac crest. (C) L5/S1 ISA, IFH and
ISH. ISA, intervertebral space angle; IFH, intervertebral foramen height; ISH, intervertebral space height.

Figure 2 Sample figure of intervertebral facet joint degeneration grading. (A) Type I; (B) type II; (C) type IIL

pain levels and functional activity levels over 10 days.
As demonstrated in Table 1, the VAS and ODI scores
significantly improved from 7.3+1.2 preoperatively to 1.7+0.7
postoperatively, and from 69.1£10.6 preoperatively to
37.9£10.1 postoperatively (P<0.05). The average operation
time for group was 85+26 minutes and mean blood loss
during operation was 231+61 mL. In addition, there were
2 patients presenting with cerebrospinal fluid leakage, 5
patients with postoperative symptoms worsen, 1 patient
with neurological deterioration, and 1 patient with cage
migration.

After a completely random ANOVA, we found that there
were no statistical differences between the type of LDD and
clinical outcome in terms of operation time and estimated
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blood loss volume (P>0.05).

The results of the correlation analysis between parameters
measured on radiographs and operative time are shown
in Table 2. In this study, the median iliac angle (MIA), as a
previously undescribed concept, had a negatively strong
correlation with operative time. Other statistically significant
variables, such as height of iliac crest, lumbosacral angle
and intervertebral facet joint degeneration were positively
associated with the surgical duration. However, we did not
find statistical difference of measurement including ISA,
ISH and IFH.

Correlation analysis between variables and estimated
blood loss are shown in Table 3. We found that MIA, height
of iliac crest, lumbosacral angle and intervertebral facet
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Table 2 Correlation coefficients and statistical difference of parameters measured on radiographs (operation time)

Parameters Correlation coefficient (r) P value
Median iliac angle (MIA) -0.6302 <0.001*
lliac crest height 0.452 0.001*
Lumbosacral angle (LSA) 0.3335 0.02*
Intervertebral facet joint degeneration 0.3113 0.03*
LS/S1 intervertebral space angle (ISA) 0.165 0.26
Intervertebral foramen height (IFH) 0.0854 0.56
Intervertebral space height (ISH) -0.0347 0.81

*, this variable was statistically significant (P<0.05).

Table 3 Correlation coefficients and statistical difference of parameters measured on radiographs (estimated blood loss)
Parameters Correlation coefficient (r) P value
Median iliac angle (MIA) -0.5817 <0.001*
lliac crest height 0.4445 0.001*
Lumbosacral angle (LSA) 0.2923 0.04*
Intervertebral facet joint degeneration 0.3573 0.01*
LS/S1 intervertebral space angle (ISA) 0.191 0.19
Intervertebral foramen height (IFH) 0.1071 0.46
Intervertebral space height (ISH) -0.0267 0.86

*, this variable was statistically significant (P<0.05).

joint degeneration were correlated with blood loss volume.
ISA, ISH and IFH still showed no statistical significance in
intraoperative bleeding.

For the degenerative grading of intervertebral facet
joint, kappa was used to analyze validity and reliability.
The results revealed high validity (x=0.85) and reliability
(k=0.88). In addition, inter-rater reliability is high for MIA
(ICC 0.88), height of iliac crest {CC 0.92), LSA (ICC 0.95),
ISA (ICC 0.94), ISH (ICC 0.95), IFH (ICC 0.96).

Multivariate linear regression analysis showed that
some variables, such as MIA, height of iliac crest and
intervertebral facet joint degeneration, were statistically
significantly associated with operative time and blood
loss volume simultaneously (Tables 4,5). Therefore, we
considered these variables can influence spinal surgical
management.

Discussion

Lumbar degenerative disease is one of the most common
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disorders affecting the lumbar spine (22). An increasing
number of people who suffer from LDD undergo posterior
instrumented lumbar fusion surgery worldwide (23).
However, how to evaluate the surgical management of PILF
remains controversial. With the development of imaging
technology, it plays an increasingly important role in the
diagnosis and treatment of lumbar degenerative diseases (24).
Compared with CT or MRI, X-ray photographs are cost-
effective and easily accessible. It has low radiation exposure
and the ability to acquire information, making them an
indispensable tool for spine evaluation (25,26). In addition,
radiographs can show the alignment of the spine and
provide an overview of the anatomy of the bone (27). We
further identify several variables that may help to stratify
patients according to preoperative radiographic imaging
and therefore improve surgical management and long-term
prognosis.

Anatomy of the lumbar spine: the erector spinae are
gradually divided, from inside to outside, into three columns
of longitudinal muscles that are juxtaposed (28). However,
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Table 4 The multiple linear regression analysis between the measured variables from radiographic imaging and the operative time

Independent variable Regression coefficient 95% confidence interval P value
Median iliac angle (MIA) -1.3345 -1.829 to -0.8399 <0.001*
lliac crest height 0.8432 0.3339 to 1.3525 0.001*
Intervertebral facet joint degeneration 14.3092 3.0352 to 25.5832 0.003*
Lumbosacral angle (LSA) -0.1392 -0.788 to 0.5097 0.91

*, this variable was statistically significant (P<0.05).

Table 5 The multiple linear regression analysis between the measured variables from radiographic imaging and estimated blood loss

Independent variable Regression coefficient 95% confidence interval P value
Median iliac angle (MIA) -2.7151 -3.8911 to -1.5392 <0.001*
lliac crest height 2.0765 0.8654 to 3.2877 0.01*
Intervertebral facet joint degeneration 44.635 17.8267 to 71.4433 0.001*
Lumbosacral angle (LSA) -0.4015 -1.9444 t0 1.1414 0.95

*, this variable was statistically significant (P<0.05).

Figure 3 A comparison of the different MIA. (A) The small MIA.
(B) The large MIA. MIA, median iliac angle.

in the lumbar spine, the erector spinae contain the iliocostal
muscle laterally (musculus iliocostalis lumborum) versus
the longissimus medially (musculus longissimus thoracis),
of which the latter is much stronger (29,30). Musculus
latissimus dorsi, musculus iliocostalis lumborum, musculus
longissimus thoracis, musculus multifidus and musculus
quadratus lumborum are all distributed within this region of
the median iliac angle (31,32). For people with large median
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iliac angle, it is easy to pull the muscles to the outside to
obtain a good surgical vision, which facilitates the operation
and reduces the difficulty of the operation (Figure 3). We
propose the concept of median iliac angle for the first
time. This variable, the median iliac angle observed on
preoperative X-ray, is one such factor that influences the
surgical procedure.

In the present study, we found that the iliac crest height
also had a correlation with surgical management. Due to
the obstruction of bony structures at the posterior border
of the iliac crest (33), people with a high iliac crest often
led to the difficulties of intraoperative muscles traction
and limited surgical field of view, which in turn increases
surgical difficulty. We need to point out that there is some
correlation between the height of the iliac crest and the
median iliac angle. Iliac crest height was generally higher
in those with a smaller median iliac angle. However, the
above two variables had different mechanisms to influence
the surgical management. Intraoperative muscle traction
was difficult in patients with high iliac crest due to the
obstruction of bone at the posterior border of the iliac
crest. People with a small MIA mainly affect the range of
intraoperative muscle traction.

We firstly proposed a degenerative grading of intervertebral
facet joint based on preoperative X-ray, which was different
from Weishaupt grading under CT and MRI (34). This

classification was convenient for the clinicians to analyze
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intervertebral facet joint degeneration. Since one of
the most critical steps in lumbar spine surgery is the
decompressive procedure, it was often necessary to bite
off the intervertebral facet joint while protecting the nerve
or dura from being injured. The higher the degeneration
grade, the more difficult the intraoperative facet joint bite,
the greater the operation time and blood loss, and the
corresponding increase in the incidence of nerve root injury
and cerebrospinal fluid leakage. Intraoperative pedicle
screw placement is also difficult in patients with facet joint
degeneration. Therefore, degeneration of the facet joints
will undoubtedly make the surgical management become
difficult (35). In the present study, Intervertebral facet joint
degeneration was the most significant variable affecting the
spinal surgical management, which was consistent with our
envisioned results.

In correlation analysis, we found a positive correlation
between the lumbosacral angle and surgical management.
With a large LSA, the lumbar spine tends to be deeper,
which can add difficulty to the exposure process and limit
surgical space. In multivariate analysis, the lumbosacral
angle was not statistically significant, thus more original
studies are needed to explore whether the lumbosacral angle
can affect the surgical management.

However, this article has many limitations. The study
subjects included in this study are patients who underwent
L5-S1 single-level posterior instrumented lumbar fusion
surgery. However, there is no explanation as to whether
preoperative radiographic variables in multi-level lumbar
spine surgery are related to surgical management, which
limits the universality of this article. In addition, the number
of cases included in this study is 49, which is relatively
small. Further research should expand the sample size to
increase the persuasiveness of the study. We are already
preparing a study on the relationship between preoperative
radiographic imaging and surgical management for a large
sample size and multi-level posterior instrumented lumbar

fusion surgery.

Conclusions

In the present study, variables measured on radiographs
including height of iliac crest, median iliac angle and
intervertebral facet joint degeneration have a potential
influence on surgical management. For patients with LDD,
careful preoperative evaluation of X-ray could be of great
significance for improving the surgical effect.
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