
Vol.:(0123456789)

Acta Neurochirurgica         (2024) 166:143  
https://doi.org/10.1007/s00701-024-06043-9

ORIGINAL ARTICLE

Coronal vertical fracture of vertebral body following minimally 
invasive lateral lumbar interbody fusion: risk factor analysis 
in consecutive case series

Kee‑Yong Ha1 · Young‑Hoon Kim1 · Yong‑Chan Kim2 · Hyung‑Youl Park3 · Hyun Bae4 · Sang‑Il Kim1 

Received: 15 February 2024 / Accepted: 14 March 2024 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2024

Abstract
Background To investigate the incidence and risk factors of coronal vertical vertebral body fracture (CV-VBF) during lateral 
lumbar interbody fusion (LLIF) for degenerative lumbar disease.
Methods Clinical data, including age, sex, body mass index, and bone mineral density, were reviewed. Radiological assess-
ments, such as facet joint arthrosis, intervertebral disc motion, index disc height, and cage profiles, were conducted. Posterior 
instrumentation was performed using either a single or staged procedure after LLIF. Demographic and surgical data were 
compared between patients with and without VBF.
Results Out of 273 patients (552 levels), 7 (2.6%) experienced CV-VBF. Among the 552 levels, VBF occured in 7 levels 
(1.3%). All VBF cases developed intraoperatively during LLIF, with no instances caused by cage subsidence during the 
follow-up period. Sagittal motion in segments adjacent to VBF was smaller than in others (4.6° ± 2.6° versus 6.5° ± 3.9°, 
P = 0.031). The average grade of facet arthrosis was 2.5 ± 0.7, indicating severe facet arthrosis. All fractures developed due 
to oblique placement of a trial or cage into the index disc space, leading to a nutcracker effect. These factors were not related 
to bone quality.
Conclusions CV-VBF after LLIF occurred in 2.6% of patients, accounting for 1.3% of all LLIF levels. A potential risk factor 
for VBF involves the nutcracker-impinging effect due to the oblique placement of a cage. Thorough preoperative evaluations 
and surgical procedures are needed to avoid VBF when considering LLIF in patients with less mobile spine.
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Introduction

Lateral lumbar interbody fusion (LLIF) has gained popu-
larity due to its low complication rate and short hospi-
talization [2, 5, 9, 13, 21]. However, LLIF procedures 
can result in several perioperative complications, includ-
ing neurological injury, vascular injury, endplate injury, 
and vertebral body fracture (VBF) [1, 6, 17, 18, 25, 27]. 
VBF is a relatively rare intraoperative complication dur-
ing LLIF. Most studies regarding VBF following LLIF 
have reported combined surgery using lateral plating and 
screws [4, 7, 15, 21, 24]. These fractures are generally 
unstable, necessitating a second operation such as pos-
terior instrumented fusion for stabilization [23]. Risk 
factors for VBF in patients undergoing LLIF are likely 
multifactorial, including technique, implant material, cage 
size, and patient bone quality [3, 10, 26]. Tempel et al. 
have also reported that obesity, osteopenia, unrecognized 

 * Sang-Il Kim 
 sang1kim81@gmail.com

1 Department of Orthopedic Surgery, Seoul St. Mary’s 
Hospital, College of Medicine, The Catholic University 
of Korea, Seoul, 222, Banpo-Daero, Seocho-Gu, 
Seoul 06591, Korea

2 Department of Orthopedic Surgery, Kyung Hee University 
Hospital at Gangdong, College of Medicine, Kyung Hee 
University, Seoul, Korea

3 Department of Orthopedic Surgery, Eunpyeong St. Mary’s 
Hospital, College of Medicine, The Catholic University 
of Korea, Seoul, Korea

4 Department of Orthopedic Surgery, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-024-06043-9&domain=pdf
http://orcid.org/0000-0002-2758-0012


 Acta Neurochirurgica         (2024) 166:143   143  Page 2 of 6

intraoperative endplate breach, and oversized graft place-
ment are risk factors for VBF following stand-alone LLIF 
[23]. VBF mainly developed in the anterior one-third 
(anterior column) of the vertebral body, with marked 
displacement of the anterior fracture fragment over time. 
However, reports on the pathological mechanisms of ante-
rior column fractures are limited. Therefore, this study 
aimed to determine the incidence of VBF, identify its risk 
factors, and explore the pathomechanisms of anterior col-
umn fractures in our consecutive LLIF series.

Materials and methods

Patients

This retrospective study was approved by the Institu-
tional Review Board. All consecutive patients who 
underwent LLIF for degenerative lumbar diseases 
at a single tertiary institute between May 2012 and 
December 2019 were included. To minimize bias, LLIF 
cases performed only by a senior surgeon (KYH) were 
included. Clinical data, including age, sex, body mass 
index (BMI), and bone mineral density (BMD), were 
reviewed. BMD was measured in the lumbar spine using 
dual-energy X-ray absorptiometry, and the mean T-score 
was recorded.

Surgical procedures

LLIF was performed in a minimally invasive manner by 
splitting the psoas muscle [13, 14, 19]. The disc materi-
als were removed, and endplate preparation was conducted 
using a Cobb elevator and ring curette. Cage size was deter-
mined step-by-step using trial cages. Polyetheretherketone 
(PEEK) cages with demineralized bone matrix were used in 
all patients. After LLIF, posterolateral fusion with pedicle 
screws was performed. For single–level fusion, same day 
surgery was conducted. For multilevel fusion, staged surgery 
was performed at an average of 3.1 ± 2.3 days after LLIF.

Radiographic measurements

The profiles of the inserted cages, including height and lor-
dotic angle, were recorded. The following parameters were 
measured for each intervertebral disc: segmental disc angle 
in the sagittal plane, and disc height (at the anterior and pos-
terior corners). Positive angles indicated kyphosis, whereas 
negative angles indicated lordosis. The differences in height 
and angle between the disc and cage were calculated. Four Ta
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grades of facet joint arthritis were identified on computed 
tomography (CT) imaging [26].

Statistical analysis

Fisher’s exact test was used to analyze categorical data, 
and Mann–Whitney U test was used for continuous data. 
Univariate logistic regression analysis was performed, and 
parameters with a P-value ≤ 0.10 were included in multivari-
ate logistic regression analysis. Statistical significance was 
set at P < 0.05. All statistical analyses were performed using 
SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA).

Results

Patient data

A total of 273 patients were included in this study, with 92 
patients undergoing single-level surgery and 181 undergoing 
multilevel surgery. Of these patients, 552 levels were treated 
using LLIF. The mean age and BMI at the time of surgery 
were 69.1 ± 5.9 years and 23.8 ± 3.4 kg/m2, respectively. The 
mean T-score of the lumbar spine was -2.2 ± 1.2. The mean 
number of fused levels was 4.8 ± 2.2.

Patients with coronal vertical VBF

Seven (2.6%) out of 273 patients (552 levels) experienced 
coronal vertical VBF (CV-VBF). All seven patients were 
women, and CV-VBFs occurred in a single vertebral body: 
L3 in three and L4 in four patients. The mean age at index 
surgery was 71.5 ± 4.1 years (range, 67–78 years). BMI 
and BMD of the lumbar spine were 24.9 ± 2.8 kg/m2 and 
-2.3 ± 0.8, respectively. The demographic details are shown 
in Table 1.

Characteristics of coronal vertical fracture and risk 
factors

There were no significant differences in age (71.5 ± 4.1 
versus 68.8 ± 5.8 years, P = 0.687), BMI (24.9 ± 2.8 versus 
23.5 ± 3.5, P = 0.450), or BMD (-2.3 ± 0.8 versus -2.1 ± 1.1, 
P = 0.528) between patients with and without VBF (Table 2). 
All CV-VBFs occurred in the anterior third of the vertebral 
body. When two adjacent discs (14 discs) were analyzed 
independently, the mean sagittal angle was 1.8° ± 5.6° at the 
proximal adjacent disc and -1.9° ± 4.3° at the distal adja-
cent disc. Although there was no significant difference in 
the sagittal angle between discs adjacent to VBF segments 
and others, the sagittal motion in discs adjacent to VBF seg-
ments was smaller than that in others (4.6° ± 2.6° versus 
6.5° ± 3.9°, P = 0.031). There was no significant difference 
in the mean disc height between the VBF and non-VBF seg-
ments (Table 3). Additionally, there was no significant dif-
ference in the gap between the mean disc and cage heights 
of the VBF and non-VBF segments (Table 3). However, 

Table 2  Comparison of demographic data between VBF patients and 
non-VBF patients

LLIF, lateral lumbar interbody fusion; BMD, bone mineral density; 
BMI, body mass index
*  Mann–Whitney test
#  Fisher’s exact test

No VBF (n = 7) Non-VBF (n = 264) P

Age 71.5 ± 4.1 68.8 ± 5.8 NS*

Fused segments 5.6 ± 2.4 4.7 ± 1.9 NS*

LLIF at multiple: single 7:0 174:92 NS#

BMD (T-score) -2.3 ± 0.8 -2.1 ± 1.1 NS*

BMI (kg/m2) 24.9 ± 2.8 23.5 ± 3.5 NS*

Table 3  Comparison of 
radiographic data between discs 
adjacent VBF segments and 
other discs

*  Mann–Whitney test

Discs adjacent to VBF 
(n = 14)

Discs adjacent to Non-
VBF (n = 538)

P

Disc angle (°)
  Sagittal (in neutral position) 0.0 ± 5.4 3.9 ± 5.8 NS*

  Sagittal motion 4.6 ± 2.6 6.5 ± 3.9 0.031*

Mean disc height (mm) 6.3 ± 1.4 7.1 ± 3.0 NS*

Mean disc height – Cage height (mm) -4.2 ± 2.0 -4.5 ± 2.2 NS*

Facet joint arthrosis 2.5 ± 0.7 1.9 ± 0.5 0.045*

Table 4  Logistic regression analysis for risk factors of VBF

Univariate Multivariate

P OR (95% CI) P

The degree of facet 
arthrosis

0.043 - -

Sagittal motion 0.015 0.7 (0.6–0.8) 0.029
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the facet joints adjacent to the VBF segments exhibited 
advanced degeneration compared to non-VBF segments 
(2.5. ± 0.7 versus 1.9 ± 0.5, P = 0.045). Univariate analysis 
revealed less sagittal motion (odds ratio [OR]: 0.7, 95% con-
fidence interval [CI]: 0.6–0.8, P = 0.015) and a higher degree 
of facet joint arthrosis (OR: 2.1, 95% CI: 1.0–6.3, P = 0.043) 
as significant risk factors for VBFs (Table 4). Multivariate 
analysis demonstrated that lesser sagittal motion is a single 
risk factor (OR: 0.7, 95% CI: 0.6–0.8, P = 0.029) (Table 4).

Discussion

Although interbody cages are commonly used to increase 
mechanical stability, restore sagittal balance, and promote 
fusion, several LLIF-related complications have been docu-
mented [3, 8, 16, 20]. One of frequently reported complica-
tions is endplate fracture [12, 17, 18]. The incidence of VBF 
with or without lateral plating was reported to vary from 
0.17% to 15.4% [4, 7, 15, 21, 24]. In our study, CV-VBF 
during LLIF occurred in 2.6% of all patients and in 1.3% of 
all LLIF levels.

Endplate preparation without injury is crucial to avoid 
endplate fractures but technically demanding in patients with 
adult spinal deformity due to sagittally and coronally wedge-
shaped disc spaces [11]. Previous studies have reported that 
the incidence of endplate injury was over 20%, and the risk 
factors included cage profile and patient factors, regardless 
of the surgeon’s experience [12, 22]. In our study, CV-VBF 
developed in two patients who underwent LLIF using a cage 
with dimension of 10 mm in height, 18 mm in width, and an 
angle of 6°, and in five patients who underwent LLIF using 
a cage with dimension of 12 mm in height, 22 mm in width, 
and an angle of 12°. A smaller disc height (6.3 mm versus 
7.1 mm) and sagittal disc angle (0° versus 3.9°) could pre-
dispose to VBF because forceful endplate and intervertebral 
disc preparation might happen to restore intervertebral disc 

height with an oversized cage. Grimm et al. reported that 
VBF can be caused by an unrecognized intraoperative end-
plate violation during over-aggressive trialing and implanta-
tion of an oversized PEEK spacer [9]. Zeng et al. reported 
that VBF is associated with osteoporosis but may mainly 
result from surgical procedures [27]. Although their rela-
tionship had already been reported, the relationship between 
VBF and bone quality was not significant (P = 0.528) in our 
study [25, 27]. Our analysis suggests that the risk of VBF 
is higher in individuals with less mobile spine. Thus, it is 
important to determine the proper cage size to obtain suf-
ficient intervertebral disc space, especially in stiff spine with 
difficulty in restoring sufficient intervertebral disc height and 
angle.

Fig. 1  Schematic figure of coronal vertical vertebral body fracture 
after lateral lumbar interbody fusion (LLIF). (a) A nutcracker was 
demonstrated by trialing and implantation, causing a vertical verte-
bral body fracture (arrow), although sometimes a VBF could not 
be recognized at the time of fracture despite using a C-arm imag-

ing intensifier. (b) An unrecognized VBF might be displaced fur-
ther upon inserting posterior pedicle screws into the vertebral body 
(arrow). This explains why vertebral body fracture is found late after 
LLIF. Additionally, displaced anterior fracture fragment can further 
progress over time due to invasion of cages into the fracture site

Fig. 2  An arrow indicating oblique placement of a cage resulting in 
vertebral body fracture by a nutcracker effect (See manuscript)
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The pathomechanism of CV-VBF can be explained by 
a nutcracker-impinging effect, in which the anterior edge 
of a trial or cage impinges on the upper or lower endplate 
of the vertebral body, leading to body fracture, as shown 
in Fig. 1(A) and 2. CV-VBF could sometimes be missed 
on intraoperative fluoroscopic images and found late dur-
ing posterior instrumentation because LLIF is usually per-
formed using an anteroposterior view of an imaging intensi-
fier. Therefore, it is important to check lateral images during 
LLIF to mitigate the risk of VBF.

When pedicle screws are inserted into the vertebral body, 
they can displace non-visible anterior fracture fragments 
anteriorly (Fig. 1(B)). In accordance with our expectations, 
we found that a fracture at the anterior one-third of the verte-
bral body was subjected to anterior displacements that could 
be visualized on radiographs during posterior instrumenta-
tion. The anterior fragment was further displaced by nut-
cracker effects over time, leading to the loss of local lordosis 
at the index segment (Fig. 3).

The present study had some limitations. First, this was 
a retrospective study, making it difficult to draw definite 
conclusions from evidence alone with a limited number of 
cases. Second, we did not evaluate the clinical significance 
of intraoperative CV-VBF during follow-up. The VBF was 
generally well maintained until the latest follow-up, although 
slight collapse of the fracture site was observed. We believe 
that posterior instrumentation could prevent further fracture 
collapse. Third, we did not perform postoperative CT to con-
firm unrecognized VBF. Although our plausible explanation 
about the mechanism of a vertical fracture at the anterior one 

third of the vertebral body might be sufficient, future inves-
tigations focusing only on VBF as a hardware-associated 
complication are needed, as it is an important complication 
of LLIF.

Conclusions

The overall incidence of CV-VBF was 2.6%. Potential risk 
factor for VBF is the use of an oversized cage or oblique 
insertion of a cage into stiff disc space, leading to VBF by 
nutcracker effect. Thus, thorough preoperative evaluation 
and surgical procedure are needed to avoid VBF when con-
sidering LLIF in patients with less mobile spine.
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