
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p :   /  / c r e a t i  v e c  o m m  o n  s  . o  r  g / l i c e n s  e s /  b  y / 4 . 0 /.

Kang et al. Journal of Orthopaedic Surgery and Research          (2025) 20:192 
https://doi.org/10.1186/s13018-025-05585-7

Journal of Orthopaedic 
Surgery and Research

*Correspondence:
Jae Hyup Lee
spinelee@snu.ac.kr
1Department of Orthopedic Surgery, SMG-SNU Boramae Medical Center, 
20, Boramae-ro 5-gil, Seoul, South Korea
2Department of Orthopedic Surgery, Seoul National University College of 
Medicine, 103, Daehak-ro, Jongno-gu, Seoul, Republic of Korea

Abstract
Background Intraoperative endplate injury (IEI) is a type of fracture and a potential complication during lumbar 
interbody fusion (LIF). Osteoporosis diagnosed by bone mineral density (BMD) is a well-known risk factor for fracture 
itself and IEI also. The bone turnover markers (BTMs) are parameters of bone qualities and have some correlations with 
fractures, but there is no study about the BTMs and intraoperative fractures especially IEI. This study aims to identify 
the correlation between IEI and BTMs, especially in misTLIF.

Methods We retrospectively reviewed 184 patients (230 spine levels). The IEI was diagnosed as the breakage of the 
endplate observed on postoperative 1 mm thin-cut CT scans. All surgical and endogenous risk factors of IEI were 
also checked including the bone resorption marker (serum CTX) and bone formation marker (serum P1NP) of BTMs. 
Additionally, the ratio (P1NP/CTX) and the subtype groups of BTMs were analyzed.

Results The rate of total IEI was 38%. The sex, osteoporosis, spine BMD, femur BMD, CTX, P1NP/CTX, preoperative disc 
height, and the discrepancy between preoperative disc height and cage size were risk factors in multivariate logistic 
regression analyses. The subtypes according to BTMs showed a different rate of IEI, resulting in subtype 2 A (low CTX 
and P1NP and high P1NP/CTX ratio) having the lowest incidence and statistically significant odds ratios compared to 
other subtype groups.

Conclusion This study demonstrated that the IEI is related to BTMs regardless of BMD in misTLIF. In addition, the 
P1NP/CTX ratio or subtypes could be helpful in predicting the risk of IEI due to the parallel dynamics of BTMs.
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Introduction
A bony fracture is a break in the continuity of a bone, 
and intraoperative bone fractures are potential com-
plications during surgeries involving bone manipula-
tion. Osteoporosis is a well-known risk factor for both 
general fractures and intraoperative bone fractures [1]. 
The gold standard for diagnosing osteoporosis is mea-
suring bone mineral density(BMD) using dual-energy 
x-ray absorptiometry(DEXA). However, there have been 
efforts to identify laboratory markers that better reflect 
bone quality, leading to the emergence of bone turnover 
markers (BTMs) as potential tools [2]. 

BTMs are classified into two main types. The first is 
bone formation marker, such as serum P1NP (sP1NP), 
which reflect the status of bone formation. The second 
is bone resorption markers, such as serum CTX (sCTX), 
which indicate the degree of bone resorption. Some stud-
ies have explored the ratio between bone formation and 
resorption markers and even categorized subtypes based 
on their respective levels [2, 3]. Numerous studies have 
shown that BTMs are associated with osteoporotic frac-
tures, with some studies demonstrating this correlation 
independently of BMD [2]. 

Lumbar interbody fusion (LIF) is a procedure that 
promotes fusion between two vertebrae by removing 
the intervertebral disc and inserting autologous bone or 
a bone substitute, often with a cage and pedicle screws 
for stabilization. Various approaches to LIF include ante-
rior LIF, oblique LIF, posterior LIF, and transforaminal 
LIF [4]. Transforaminal lumbar interbody fusion (TLIF) 
involves removing one facet joint and preparing the end-
plate via the side of the dura mater. With advancements 
in minimally invasive surgical techniques, minimally 
invasive TLIF (misTLIF) has become widely adopted [5].

To enhance fusion rates, sufficient removal of disc 
material and cartilaginous endplates is necessary to 
expose the bony endplates—a process known as end-
plate preparation. Additionally, various types of cages 
are inserted into the intervertebral disc space to support 
fusion. During these procedures, fractures of the bony 
endplates, referred to as intraoperative endplate injuries 
(IEI), may occur. Notably, IEI can also occur during the 
process of cage insertion [6]. The consequences of IEI 
include cage subsidence (CS) or cage retropulsion (CR), 
leading to loss of intervertebral disc height restoration 
or re-stenosis. These complications can result in neu-
ralgia recurrence, reduced surgical satisfaction, and an 
increased risk of reoperation [7–9]. 

Several studies have investigated the risk factors for IEI 
[7, 9]. Osteoporosis remains the most well-known factor, 
as IEI is a type of fracture inherently linked to bone qual-
ity [7, 8, 10–14]. However, surgeons have observed cases 
of IEI in patients with normal DEXA results, and some 
studies have further reported no significant correlation 

between IEI and DEXA measurements [12]. Quantitative 
computed tomography (qCT) can serve as an alterna-
tive approach for more precise bone quality assessment. 
However, its routine use is limited due to high costs and 
insurance-related issues [15]. This raises the possibil-
ity that poor bone quality, undetectable by DEXA, could 
be an underlying cause of IEI—potentially explained by 
BTMs. Unfortunately, no prior studies have examined the 
relationship between BTMs and intraoperative bone frac-
tures, particularly IEI.

This study aims to analyze the correlation between 
BTMs and IEI in patients undergoing misTLIF and to 
determine the odds ratio of various factors, including 
BTMs, associated with IEI. Our hypothesis is that BTMs 
are related to the occurrence of IEI, independent of BMD.

Methods
Study design and materials
This retrospective case-control study was approved 
by our Institutional Review Board (IRB) (30-2023-95). 
Patients who underwent minimally invasive TLIF (misT-
LIF) at the SMG SNU-Boramae Medical Center Ortho-
pedic Surgery Department between January 2019 and 
October 2023 were included. All surgeries were per-
formed by two professors, each with over five years of 
experience in lumbar spine surgery. Cases involving more 
than three surgical levels or those lacking postoperative 
CT scans were excluded. A total of 184 patients and 230 
intervertebral disc spaces were analyzed (Table 1).

Analysis of risk factors
According to previous studies, the risk factors for intra-
operative endplate injury (IEI) can be categorized into 
surgical factors and endogenous factors related to the 
patient [7, 8, 10–14]. Surgical factors include the num-
ber of surgical levels, preoperative disc height, cage type, 
cage size, the discrepancy between cage size and disc 
height, and the surgeon’s proficiency. In this study, we 
recorded the type of cage (PEEK or 3D-printed titanium), 
the number of operated levels, surgical level, preopera-
tive disc space height, cage height, and the discrepancy 
between cage size and disc height. Preoperative disc 
space heights were measured using preoperative MRI 
scans (3.0T CX Ingenia, Philips; spacing: 4.4  mm, slice 
thickness: 4 mm, slice gap: 0.4 mm). Using the 3D-recon-
structed mid-sagittal plane, distances between three 
points (anterior, mid, and posterior) on each upper and 
lower endplate were measured, and the average value was 
used [16]. 

Endogenous factors, including patient age, sex, and 
bone quality-related data, were also analyzed. Preopera-
tive DEXA scans of the lumbar spine and femur were per-
formed according to our hospital protocol, and patients 
were classified as normal, osteopenic, or osteoporotic 
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using the conventional T-score method. Minimal BMD 
values for the lumbar spine and femur were recorded. 
Additionally, blood tests measuring bone metabolism 
factors, including serum calcium (sCa²⁺), serum phos-
phorus (sP⁻), and serum parathyroid hormone (sPTH), 
were performed.

For bone turnover markers (BTMs), serum CTX 
(sCTX), a bone resorption marker, was measured. About 
bone formation markers, serum osteocalcin levels were 
available for 42 patients, while serum P1NP (sP1NP) was 
measured in 142 patients. Serum CTX and P1NP levels 
were determined using an electrochemiluminescence 
immunoassay (ECLIA) performed with Roche’s Cobas 
analyzer system. The P1NP/CTX ratio was calculated to 
determine the dominant bone turnover activity. Due to 
the limited number of patients with osteocalcin data, the 
analysis primarily focused on the P1NP/CTX ratio.

To classify the BTMs, six subtypes were created based 
on reference values of sCTX (0.25  µg/L) and sP1NP 
(32 µg/L). The subtypes were as follows:

  • Subtype 1 (sCTX < 0.25, sP1NP > 32): Increased bone 
formation and decreased resorption.

  • Subtype 2 (sCTX < 0.25, sP1NP < 32): Decreased both 
formation and resorption.

  • Subtype 3 (sCTX > 0.25, sP1NP < 32): Decreased 
formation and increased resorption.

  • Subtype 4 (sCTX > 0.25, sP1NP > 32): Increased both 
formation and resorption.

Subtypes 2 and 4 were further divided based on the 
P1NP/CTX ratio. Subtype 2A or 4A had a ratio greater 
than 128, indicating dominance of bone formation, 
whereas subtype 2B or 4B had a ratio lower than 128, 
indicating dominance of bone resorption. The incidence 
of IEI was then analyzed across these subtype groups.

Diagnostic criteria of intraoperative endplate injury (IEI)
One-millimeter thin-cut reconstructed CT scans were 
performed on postoperative day 2 (Ingenuity, Philips; 
field of view: 267 × 347, slice thickness: 1  mm, no spac-
ing). The scans were reviewed independently by two 
spine surgeons, each with over five years of experience 
in interpreting spinal imaging and diagnosing endplate 
injuries. To ensure consistency and minimize bias, the 
reviewers used predefined criteria for diagnosing IEI. 
The interobserver agreement was high, with a Cohen’s 
kappa value of 0.92, and any discrepancies were resolved 
through consensus discussions. (Fig.  1) IEI severity was 
categorized based on depth: mild for depths less than 
1  mm, moderate for depths between 1 and 2  mm, and 
severe for depths greater than 2 mm.

Statistical analysis
Statistical analyses were performed to compare variables 
between the IEI and non-IEI groups. Continuous and 
non-continuous variables were compared using a two-
sample t-test, while categorical variables were analyzed 
using Fisher’s exact test or chi-square test. The Mann-
Whitney U test was used for non-normally distributed 
continuous variables.

Logistic regression was conducted to identify factors 
associated with IEI. Variables with P < 0.05 in the uni-
variate analysis were included in the multivariate logistic 
regression, with sequential variable selection to account 
for correlations. Multivariate logistic regression was also 
used to analyze odds ratios among subtype groups.

All statistical analyses were performed using SPSS ver-
sion 16.0 (Chicago, Illinois), and a P-value of less than 
0.05 was considered statistically significant.

Results
Incidence of IEI
IEI occurred in 74 out of 184 patients (40.2%). In terms 
of surgical levels, IEI occurred in 86 out of 230 levels 
(37.4%), with the majority being of moderate severity 
(64%). The intergroup consistency comparison between 
the two surgeon groups showed similar IEI incidence 
rates per level (35.2% vs. 39.8%, p = 0.475). As no sig-
nificant difference was observed, the groups were not 

Table 1 Patient demographics and surgical parameters
Patients (N = 184)

Age 70.53 ± 7.13
Sex (male/female) 69/115 (38%/62%)
Osteoporosis diagnosis by DEXA
 Normal 45(25%)
 Osteopenia 72(39%)
 Osteoporosis 67(36%)
Surgery level
 1 level 138(75%)
 2 levels 46(25%)
Surgery location N = 230
 L1-2 1
 L2-3 3(1%)
 L3-4 31(14%)
 L4-5 130(57%)
 L5-S1 65(28%)
Disease type by level N = 235
 Spinal stenosis only 65(28%)
 Degenerative spondylolisthesis 115(48%)
 Isthmic spondylolisthesis 17(7%)
 Degenerative retrolisthesis 24(10%)
 Degenerative segmental scoliosis 14(6%)
Cage type N = 230
 PEEK 176(77%)
 3D printed titanium 54(23%)
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analyzed separately. The characteristics of the 86 levels 
with endplate injuries are outlined in Table 2.

Comparison of risk factors between IEI and Non-IEI groups
All risk factors of IEI were compared between the IEI and 
non-IEI groups. (Table 3)

Females and osteoporotic patients were more predomi-
nant in the IEI group. While there was a tendency for IEI 
in two-level surgeries, the p-value was 0.056. There was 
no difference in disease type, surgical location, or cage 
types. Lower preoperative disc space height and larger 

discrepancy between preoperative disc space height and 
cage size were related to IEI. Absolute BMD scores of 
the lumbar spine and femur were lower in the IEI group. 
Notably, sCTX levels were significantly higher in the IEI 
group but osteocalcin and sP1NP showed no correlation. 
The P1NP/CTX ratios were lower in the IEI group. There 
was a difference in the distribution of subtypes between 
two groups.

About the treatment of osteoporosis, only 11 of 40 
osteoporotic patients in the IEI group were under treat-
ment. In the non-IEI group, 4 out of 27 were under treat-
ment. Statistically, there was no significant difference 
between the two groups. (Table 4)

Multivariate logistic regression analysis
Multiple logistic regression analysis was performed to 
analyze the relationship between IEI occurrence and sev-
eral independent variables. Before it, univariate logistic 
regressions were conducted. Statistically correlated vari-
ables included sex, osteoporosis diagnosis, spine BMD 
scores, femur BMD scores, sCTX, P1NP/CTX ratio, pre-
operative disc height, and the discrepancy between pre-
operative disc height and cage size. Multivariate logistic 
regression was performed after eliminating interference 
effects. As a result, three major categories were indepen-
dently related to endplate injury: osteoporosis-related 
factors (sex, presence of osteoporosis, BMD scores), 

Table 2 The characteristics of the intraoperative endplate 
injuries

Endplate injury level(N = 86/230)
Upper 33(38%)
Lower 21(24%)
Both level 32(37%)
L1-2 0
L2-3 1
L3-4 12(14%)
L4-5 43(50%)
L5-S1 30(35%)
Definition of injury
 Mild (within 1 mm) 26(30%)
 Moderate (1 ~ 2 mm) 55(64%)
 Severe (over 2 mm) 5(6%)

Fig. 1 Intraoperative endplate injury on 1mm thin cut reconstructed sagittal scan of postoperative CT, black dotted line - endplate, white arrow - intra-
operative endplate injury
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Endplate injury(N = 74) Non-endplate injury(N = 110) p-value
Age 70.68 ± 7.12 70.44 ± 7.20 0.828*
Sex (male/female) 17/57(23%/77%) 52/58(46%/54%) 0.002†
Osteoporosis diagnosis < 0.001†
 Normal 14(19%) 31(28%)
 Osteopenia 20(27%) 52(47%)
 Osteoporosis 40(54%) 27(25%)
Surgery level 0.056†
 1 level 50(68%) 88(80%)
 2 levels 24(32%) 22(20%)
Disease type N = 90 N = 145 0.235†
 Spinal stenosis only 28(31%) 37(26%)
 Degenerative 
spondylolisthesis

41(46%) 74(51%)

 Isthmic spondylolisthesis 5(6%) 12(8%)
 Degenerative retrolisthesis 9(10%) 15(10%)
 Degenerative segmental 
scoliosis

7(8%) 7(5%)

Cage type N = 86 N = 144 0.481†
 PEEK 68(79%) 108(75%)
 3D printed titanium 18(21%) 36(25%)
Surgical factors N = 86 N = 144
 Pre-operative disc height 
(mm)

8.82(7.27–9.31) 9.31(8.52–10.32) < 0.001‡

 Post-operatvie disc height 
(mm)

10.88 ± 1.57 11.24 ± 1.82 0.093*

 Cage size (mm) 1(8)/11(9)/39(10)/24(11)/9(12)/2(13) 7(8)/20(9)/46(10)/57(11)/14(12)/0(13) 0.069†
 Discrepancy between 
preoperative disc height and 
cage size

1.92(1.03–2.97) 0.87(0.24–1.71) < 0.001‡

DEXA
 Spine BMD (g/cm^2) 0.887(0.792–1.070) 1.014(0.891–1.169) 0.003‡
 Femur BMD (g/cm^2) 0.738(0.647–0.831) 0.795(0.732–0.924) 0.002‡
Endogenous factors normal range
 sCa2+ (mg/dL) 8.8 ~ 10.5(mg/dL) 9.2(8.9–9.5) 9.3(9.0–9.53) 0.174‡
 sP− (mg/dL) 2.5 ~ 4.5(mg/dL) 3.6(3.3–3.8) 3.5(3.2–3.9) 0.65‡
 Vitamine D (25-(OH) vit.D) 
(ng/mL)

30.1 ~ 100 (ng/mL) 28.2(16.1–36.1) 28.1(18–37.9) 0.693‡

 PTH (pg/ml) 10 ~ 65 (pg/ml) 31(17–45.5) 22(13–37.5) 0.056‡
Bone Turnover Marker
 sCTX (ng/mL) 0.025 ~ 0.573 (ng/mL) 0.389(0.239–0.602) 0.275(0.182–0.381) < 0.001‡

N = 19 N = 23
 Osteocalcin (ng/mL) male: 10.00 ~ 46.00 (ng/

mL)
7.7(4.80–16.92) 13.3(6.70–15.52) 0.622‡

female: 10.00 ~ 46.00 
(ng/mL)

N = 54 N = 85
 sP1NP (ng/mL) male: 22.90 ~ 85.30 (ng/

mL)
48.8(26.98–68.23) 35.9(26.86–62.00) 0.121‡

female: 16.27 ~ 73.87 
(ng/mL)

N = 54 N = 85
 P1NP/CTX 107.59(83.57–180.46) 155.31(121.25–201.93) 0.001‡
Subtype (P1NP/CTX) N = 54 N = 85 0.029†
 1 5(9%) 13(18%)
 2a 2(4%) 18(24%)

Table 3 Risk factors between the endplate injury and non-endplate injury groups
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BTMs (CTX, P1NP/CTX), and surgical factors (preoper-
ative disc height, discrepancy between preoperative disc 
height and cage size) (Table 5).

Subtype analysis and odds ratios
The lowest incidence was observed in group 2 A (10%). 
The highest incidence was seen in group 4B (56%). (Fig. 2)

Odds ratios (OR) of IEI between each of the six groups 
were analyzed. According to simple logistic regression 
analyses, ORs between subtype 2  A and others (2B, 3, 
4 A, and 4B groups) showed a significant difference. As 
known, subtypes were related to osteoporosis factors, 

ORs were recalculated through multiple logistic regres-
sion tests, excluding the effects of sex, BMD, and osteo-
porosis. As a result, the ORs between subtype 2  A and 
others (2B, 3, 4 A, and 4B groups) remained statistically 
significant (Table 6).

Table 4 Osteoporosis treatment in two groups
Total 
osteoporosis

End-
plate 
injury

Non-
endplate 
injury

Osteoporosis 
treatment

15/67 (22.4%) 11/40 
(27.5%)

4/27 (14%) 0.222†

Osteoporosis treat-
ment per level

16/80 (20%) 11/45 
(24.4%)

5/35 
(14.3%)

0.260†

†Chi-square test

Table 5 Univariate and multivariate analyses of intraoperative endplate injury
Univariate analysis Multivariate analysis
OR 95% CI p value OR 95% CI p value

sex (female) 2.715 1.493–4.939 0.001 2.393 1.289–4.446 0.006*
age 1.003 0.967–1.041 0.865
fusion level (2 levels) 1.131 0.657–1.949 0.656
osteopenia 0.898 0.432–1.868 0.774
osteoporosis 3.176 1.552–6.499 0.002 3.539 1.649–7.598 0.001*
Spine BMD (x10^3) 0.997 0.996–0.999 0.001 0.997 0.995–0.999 < 0.001*
femur BMD (x10^3) 0.997 0.995–0.999 0.002 0.997 0.994–0.999 0.010*
Ca 0.759 0.437–1.317 0.326
P 1.171 0.715–1.919 0.530
vit.D 0.992 0.974–1.009 0.355
PTH 1.008 0.997–1.018 0.142
osteocalcin 0.988 0.904–1.079 0.784
P1NP 1.007 0.999–1.016 0.100
CTX (x10^3) 1.003 1.001–1.004 < 0.001 1.003 1.002–1.005 < 0.001
P1NP/CTX 0.995 0.991–0.999 0.019 0.994 0.990–0.999 0.015†
preoperative disc height 0.689 0.576–0.824 < 0.001 0.698 0.551–0.885 0.003
Discrepancy between preoperative disc height and cage size 1.754 1.401–2.196 < 0.001 1.624 1.230–2.143 0.004
* Adjusted between sex, osteoporosis, BMD

†Adjusted between CTX and P1NP/CTX

Fig. 2 The incidence rate of intraoperative endplate injury of each subtype

 

Endplate injury(N = 74) Non-endplate injury(N = 110) p-value
 2b 8(15%) 10(14%)
 3 6(11%) 7(9%)
 4a 16(30%) 24(32%)
 4b 17(31%) 13(18%)
*two-sample test

†Chi-square test

‡Mann Whitney U-test

Table 3 (continued) 
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Discussion
This study aimed to analyze the correlation between a 
kind of intraoperative fractures, IEI, and BTMs. Although 
several studies have examined the relationship between 
fractures and BTMs, none have focused on intraopera-
tive bone fractures. This was the first investigation into 
the connection between intraoperative bone fractures 
and BTMs, related to the bone quality independently 
of BMD. It can provide valuable insights for orthopedic 
and spine surgeons who works with bones, to minimize 
the risk of intraoperative bone fractures and improve the 
overall quality of operations. As concerned, spine sur-
geons are vigilant against intraoperative endplate injuries. 
We experienced that there are some patients with poor 
bone quality, but the relatively normal value of BMD. 
There was no way to predict this situation [17]. Although 
advanced imaging techniques like high-resolution CT 
and peripheral QCT can assess bone microarchitecture, 
their routine use is limited by cost, radiation exposure, 
and availability, with some reports also questioning the 
effectiveness of lumbar spine CT HU measurements as 
a screening tool for low BMD [17–20]. In this situation, 
this study can address the gap between the real bone 
quality and BMD, suggesting that BTMs could offer a 
valuable explanation. Preoperative assessment of BTMs 
could be crucial in avoiding intraoperative fractures, aid-
ing surgeons in formulating strategies to deal with bone-
related challenges, irrespective of BMD.

In our study, we chose to review the mis TLIFs because 
there are various risks of IEI for different types of LIFs 

and the mis TLIFs have a tendency of higher rate due to 
small working space for minimal invasiveness [21]. And 
a higher rate of IEI could present more study numbers of 
IEI to be analyzed. In our data, the incidence of IEI per 
level was 37.4%, higher than in other previous studies 
of LIFs [10]. This elevated incidence is due to our 1 mm 
thin-cut CT scans, in contrast to studies relying on X-ray 
images or routine CT scans and we counted even minor 
damage [10, 14]. According to previous studies, IEI does 
not necessarily lead to cage problems like CS, and even 
if CS occurs and IEI itself were separate from clinical 
symptoms [22]. 

As concerned, we contained well-known risk factors 
for IEI. Notably, the cage material was unrelated to IEI, 
while the preoperative disc height and the discrepancy 
between disc height and cage size were not. Because the 
low preoperative disc height could lead to IEI due to lim-
ited working space. Additionally, using a larger cage to 
small disc space to restore the collapsed disc space could 
result in IEI during the cage insertion [12]. 

BTMs have been studied as a way to evaluate the degree 
of bone metabolism biochemically. The BTMs can objec-
tively reflect the turnover rate of the bone microarchitec-
ture [2]. In our data, sCTX was one of main risk factor 
for IEI regardless to BMD. CTX is a C-terminal telopep-
tide of type 1 collagen produced during bone microstruc-
ture resorption, reflecting bone resorption mechanisms 
and microstructure deterioration. Elevated sCTX levels 
indicate high bone microarchitecture resorption and this 
status was vulnerable to some impacts or maneuvers to 

Table 6 Univariate and multivariate analyses between subtypes of intraoperative endplate injuries
Subtype Univariate analysis Multivariate analysis*

OR 95% CI p value OR 95% CI p value
1 (reference)
2a 0.289 0.048–1.727 0.174
2b 2.340 0.595–9.202 0.224
3 2.275 0.535–9.666 0.265
4a 1.842 0.552–6.140 0.320
4b 3.400 0.965–11.975 0.057 3.687 0.891–15.255 0.072
2a (reference)
2b 8.100 1.456–45.060 0.017 16.040 1.608–160.051 0.018
3 7.875 1.330–46.628 0.023 16.287 1.552–170.968 0.020
4a 6.375 1.303–31.184 0.022 16.923 1.876–152.681 0.012
4b 11.769 2.307–60.045 0.003 29.045 3.052–276.387 0.003
2b (reference)
3 0.972 0.250–3.775 0.968 1.008 0.223–4.551 0.992
4a 0.787 0.264–2.350 0.668 1.044 0.296–3.685 0.947
4b 1.453 0.458–4.609 0.526 1.806 0.468–6.979 0.391
3 (reference)
4a 0.81 0.246–2.660 0.728 1.062 0.285–3.950 0.929
4b 1.495 0.430–5.191 0.527 1.958 0.466–8.229 0.359
4a (reference)
4b 1.846 0.712–4.786 0.207 1.878 0.596–5.921 0.282
* Excluding the effect of sex, spineBMD, femurBMD, osteoporosis
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bony structures, as evidenced by our data. However, 
sP1NP and osteocalcin, the bone formation markers, 
were not relative to IEI. The P1NP is N-terminal pro-
peptide of type 1 collagen made during the bone micro-
structure formation and the osteocalcin is produced by 
osteoblasts, the bone forming cells. We concluded that 
it is related with “the parallel dynamic” of BTMs’ natural 
characterictics [3]. During the bone remodeling, the con-
tinuous metabolism of living skeletons, the rapid bone 
turnover means rapid resorption and rapid re-formation 
of microstructures. This causes both increases of bone 
formation and resorption markers [3]. Considering the 
parallel dynamic, the concept of P1NP/CTX ratio was 
applied. The odd ratio of IEI was less than 1 because it 
means more resorption than formation of bony micro-
structure beyond the speed of the bone turnover itself. 
This was proved by multivariate analysis too, which 
means regardless of BMD and surgical related factors.

Furthermore, we applied the subtypes in terms of 
sP1NP and sCTX. In the previous study, the normal state 
was considered as subtype 1 [3]. In our study, although 
there is no statistically difference between subtype 1 and 
2 A, the subtype 2 A showed the lowest incidence of IEI. 
This must be related to the parallel dynamic too. The sub-
type 2 A group has lower P1NP than the subtype 1 and 
this could mean lower turnovers of bone microstruc-
ture. In the same way, the subtype 4B showed higher 
incidence of IEI than group 3. Theoretically, the subtype 
3 should show the highest incidence rate but according 
to the parallel dynamics, in the subtype 4B, both for-
mation and resorption markers increased and the ratio 
decreased, which resulted in highest turnovers. In short, 
in our results, the safest subtype from fractures was sub-
type 2  A, confirmed by the multiple logistic regression 
adjusted other factors. The subtype system could be help-
ful to analyze the risk of IEI.

In our data, there was no correlation between the 
osteoporosis treatment and risk of fracture. This could 
be due to multiple reasons. First, there are so many types 
of osteoporosis treatment. It is impossible to combine 
several types into one. Second, so many patients didn’t 
know they had osteoporosis or not. Also, many patients 
had difficulty in remembering the exact treatment. More 
detailed study about the osteoporosis medication might 
be helpful about it.

Based on the results, the 4B group exhibited the high-
est risk of IEI, necessitating particular caution during sur-
gery. Specifically, if the surgery is not emergent, adjusting 
the timing of the procedure and optimizing bone quality 
prior to surgery could be beneficial. Although the current 
study did not find a significant correlation between osteo-
porosis treatment and IEI, this is likely due to the afore-
mentioned limitations. Previous studies have shown that 
the use of antiresorptive or anabolic agents can improve 

not only DEXA scores but also BTMs [23]. Therefore, in 
elective surgeries, the preoperative use of these medica-
tions could help mitigate IEI risk. In terms of modifiable 
surgical factors, selecting a cage size that is appropriate 
but relatively smaller could help minimize the risk of IEI. 
However, overly small cages may limit the improvement 
of foraminal height. To address this, sufficient laminec-
tomy or facetectomy should be performed to maximize 
the surgical outcome, even when using a relatively small 
cage [24, 25]. These strategies could be instrumental in 
reducing IEI risk while maintaining the overall efficacy of 
the procedure.

The biggest drawback of the BTM is the difficulty of 
standardization. BTMs change throughout the day. Some 
fasting or checking laboratory test in a planned time is 
needed [2, 3, 26]. Fortunately, the study has consistent 
data because the tests were performed preoperatively, 
after fasting, and in the same institution. But different 
outcomes may occur in different situations.

The limitation of this study is that first, the number of 
patients is not large. It is because the BTMs are started to 
be checked recently due to insurance coverage policies of 
our country. Second, this is a retrospective study. More 
detailed prospective study might be needed. Third, this 
study does not cover long-term union rates or compli-
cations like cage subsidence. Instead, we focused on the 
immediate occurrence of IEI, which can be irrelevant to 
bone unions or clinical prognoses.

Conclusion
This study demonstrated that the intraoperative endplate 
injury, one of intraoperative bone fractures, was related 
to bone turnover markers regardless of bone mineral 
density, particularly during minimally invasive TLIFs. 
Considering the parallel dynamics, the P1NP/CTX ratio 
or subtypes could be helpful. Analyzing bone turnover 
markers can be a novel strategy to reduce endplate inju-
ries in spine surgeries.
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