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ABSTRACT

AIM: To evaluate the incidence, risk factors, and spinopelvic alignment parameters associated with distal junctional failure (DJF)
following posterior thoracolumbar stabilization surgery.

MATERIAL and METHODS: This retrospective cohort study included 40 patients who underwent thoracolumbar stabilization
between 2018 and 2024. Patients were divided into two groups: those who developed DJF (n=20) and those who did not (n=20,
control group). Radiographic evaluations, including pre- and postoperative lateral radiographs, were used to assess spinopelvic
parameters such as lumbar lordosis (LL), pelvic incidence (Pl), and PI-LL mismatch. Statistical analyses were conducted to examine
the correlation between these parameters and DJF occurrence.

RESULTS: The DJF group exhibited a significant postoperative reduction in LL and an increase in PI-LL mismatch compared to
the control group, which maintained better sagittal alignment postoperatively (p < 0.05). Patients with higher preoperative PI-LL
mismatch were more likely to develop DJF, highlighting the importance of preoperative planning and correction to prevent this
complication.

CONCLUSION: Optimizing spinopelvic alignment, particularly LL and PI-LL mismatch, is crucial for reducing the risk of DJF after
thoracolumbar stabilization surgery. Future studies should aim to refine surgical techniques and strategies to enhance postoperative
outcomes and minimize complications.

KEYWORDS: Distal junctional failure, Thoracolumbar stabilization surgery, Spinopelvic parameters, Lumbar lordosis, PI-LL
mismatch

ABBREVIATIONS: CT: Computed tomography, DEXA: Dual-energy x-ray absorptiometry, DJF: Distal junctional failure, DJK: Distal
junctional kyphosis, ESV: End segment vertebra, IQR: Interquartile range, LIV: Lower instrumented vertebra, LL: Lumbar lordosis,
MRI: Magnetic resonance imaging, NPV: Negative predictive value, PI: Pelvic incidence, PI-LL Mismatch: Pelvic incidence and
lumbar lordosis mismatch, PPV: Positive predictive value, PT: Pelvic tilt, SD: Standard deviation, 8S: Sacral slope, SVA: Sagittal
vertical axis
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B INTRODUCTION

osterior transpedicular fixation is the most common-
Ply used and widely accepted method for treating adult

spinal deformities, thoracolumbar fractures, and sco-
liosis (5). The primary goal of this stabilization technique is
to achieve a balanced spine in both the coronal and sagit-
tal planes while preserving as much functional movement as
possible and preventing future complications (21). However,
despite successful stabilization, motion persists in the un-
fused segments, leading to increased stress and movement in
the adjacent upper and lower segments. This biomechanical
shift may result in adjacent segment disease.

While much of the existing literature has focused on the proximal
junction-where insufficiencies are most commonly observed-
distal junctional failure (DJF) is also a significant complication
that warrants attention (19). Distal junctional kyphosis (DJK)
refers to the development of kyphosis at the caudal end of
the instrumentation, typically defined by a sagittal Cobb angle
greater than 10 degrees between the vertebrae in the caudal
region (13). DJF, in contrast, refers to failure at the most caudal
end of the instrumented segments, which may occur even in
the absence of kyphosis. It is characterized by clinical and
radiological changes at the distal segment (20).

Clinically, DJF may present with lower back and hip pain, loss
of function, neurological symptoms, and postural deformity.
Radiologic findings include progressive loss of lumbar
lordosis, degeneration of the adjacent disc at the lower end
of the instrumentation, loss of vertebral height, wedging,
fractures of the distal instrumented or adjacent vertebrae, and
implant-related issues such as screw breakage, loosening,
stenosis, and instability at the segment adjacent to the distal
instrumented vertebra (2).

The incidence of DJF following adult spinal deformity surgery
ranges from 1.8% to 15.6%, significantly impacting patients’
quality of life, leading to increased deformities, repeated sur-
geries, and reduced productivity (6). Prevention of DJF re-
quires a comprehensive assessment of various spinal param-
eters. The sagittal vertical axis (SVA) is a widely used measure
of sagittal alignment, but it can be influenced by compensato-
ry mechanisms such as pelvic retroversion, knee flexion, and
patient posture (12). Among the most critical parameters to
evaluate during stabilization surgery are the pelvic parame-
ters, including lumbar lordosis (LL), pelvic tilt (PT), pelvic in-
cidence (PI), sacral slope (SS), and PI-LL mismatch. These
should be carefully evaluated preoperatively, as they play a
vital role in maintaining sagittal balance (16).

Despite the recognized importance of these parameters, few
studies have specifically investigated their role in patients who
develop DJF following thoracolumbar stabilization. This study
aims to investigate the causes of DJF in patients who have
undergone thoracolumbar posterior stabilization, focusing on
the surgical levels involved, identification of the last instru-
mented vertebra, and relevant sagittal pelvic parameters. Fur-
thermore, the study seeks to explore the relationship between
the timing of DJF onset and these parameters, with the ulti-
mate goal of informing strategies to prevent this complication.
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B MATERIAL and METHODS
Study Design

This study protocol received approval from the Usak University
Ethics Board (approval no. 448-448-13/2024). Due to the
retrospective design and institutional regulations for research,
specific informed consent from patients was not required.

This retrospective study includes patients treated for spinal
stenosis, deformity, or trauma who underwent posterior tran-
spedicular stabilization at our institution between 2018 and
2024. All procedures were performed by different surgeons
within the same clinic. The surgical approach involved a pos-
terior midline incision followed by posterolateral transpedicu-
lar screw fixation, including both cases with and without de-
compression and fusion.

Out of 237 patients who underwent lumbar rigid stabilization
and were initially reviewed, 116 were excluded based on the
inclusion criteria. Of the remaining 121 patients, 20 were
identified as having developed DJF. These patients were
categorized into two groups. The first group consisted of
patients who had undergone revision surgery due to DJF
following their initial posterior stabilization surgery. For the
control group, patients without DJF were randomized at a
ratio of 5:1 (100 patients) to ensure the reliability of the study.
Hence, the failure group included only cases that required
revision within six years post-surgery. Medical histories,
surgical reports, follow-up reports, and diagnostic imaging
(radiographs, CT, and MRI) of all patients stored in the
hospital’s digital archive were reviewed.

A patient was assigned to the DJF group if a failure occurred at
the last instrumented fused level or the immediately adjacent
caudal vertebra and met one or more of the following criteria:

e Pullout or loosening of the pedicle screws,

e mechanical breakage of rods or screws,

» adjacent segment pathology (e.g., stenosis/disc/listhesis).
Inclusion Criteria

The inclusion criteria included patients who underwent poste-
rior transpedicular fixation with rigid rods in the thoracolumbar
region. There were no age restrictions. Patients who present-
ed with pain, neurological deficits, or other clinical symptoms
confirmed through imaging (e.g., CT, X-ray, or MRI) during fol-
low-up were included as part of the DJF group. Patients who
did not exhibit any clinical pain or neurological symptoms and
showed no evidence of DJF on radiological imaging were in-
cluded in the control group. Patients with a coronal balance
<5 degrees were included in the study.

Exclusion Criteria

Patients who underwent anterior or anterolateral fixation
as well as those who had fixation methods other than
transpedicular screw fixation were not included in the study.
Patients stabilized with dynamic or semi-dynamic systems
were also excluded. Patients were monitored for osteoporosis
using DEXA scans either preoperatively or postoperatively.



Those with advanced osteoporosis were excluded from the
study to avoid conflicts, as were patients who underwent
interbody fusion. Patients with a coronal balance >5 degrees
were excluded from the study.

Radiological Evaluation

Spinopelvic parameters were assessed in both groups using
available lateral standing radiographs that included the entire
spine or at least the C2 to femoral heads. For radiological
evaluation, pelvic parameters were assessed at three key time
points: preoperatively, within three months postoperatively,
and immediately prior to revision surgery (for the DJF group).
Spinopelvic parameters were analyzed using Surgimap
software (Nemaris Inc, New York, NY, www.surgimap.com), a
validated, freely available tool designed for surgical planning
and spinal measurement. Following prior studies, the following
spinopelvic parameters were measured for each patient.

Spinopelvic Parameters: Sagittal and pelvic parameters
included LL, PT, PI, SS, and PI-LL mismatch.

Timing of Failure: For the failure group, the time between the
first and second surgeries was calculated to determine the
timing of DJF onset.

Surgical Details: The number of levels stabilized, whether the
lumbar and/or thoracic regions were involved, and the lowest
instrumented vertebra (LIV) were recorded for all patients.

Statistical Analyses

Statistical analyses were conducted using the Shapiro-
Wilk test to assess normality of the data distribution. For
comparisons between groups, either the Student’s t-test or
Mann-Whitney U test was applied to continuous variables,
depending on whether the data were normally distributed.
Categorical variables were analyzed using the Chi-square
test or Fisher’s exact test as appropriate. Parametric variables
are presented as mean + standard deviation (SD) along with
minimum-maximum (min-max) values, while categorical
variables are reported as percentages (%).

Correlations were assessed using either Pearson or Spearman
correlation coefficients, based on data distribution. Statistical
significance was set at p<0.05. All analyses were performed
using SPSS (Statistical Package for the Social Sciences),
version 26.0.

B RESULTS

A total of 40 patients were included in the study, equally
divided between the control group (n=20) and the DJF group
(n=20). The overall mean age was 59.62 + 12.85 years, with an
interquartile range (IQR) of 55.0-68.0 years. The control group
had a mean age of 58.90 + 13.02 years (range: 23-80 years;
IQR 54.5-66.5 years), while the DJF group had a mean age
of 60.35 + 12.97 years (range: 25-80 years; IQR 57.25-68.25
years).

In terms of gender distribution, 67.5% of all patients were
female and 32.5% were male. The control group consisted
of 65.0% females and 35.0% males, while the DJF group
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consisted of 70.0% females and 30.0% males. Regarding
surgical location, 92.5% of patients underwent procedures
in the lumbar region, 5.0% in the thoracolumbar region,
and 2.5% in the thoracic region. Specifically, in the control
group, 95.0% of patients underwent lumbar surgery and 5.0%
thoracolumbar surgery. In the DJF group, 90.0% had lumbar
procedures, 5.0% thoracolumbar, and 5.0% thoracic.

The distribution of LIV varied. Across all patients, LIV was at
L5 in 65.0% of cases, S1 in 25.0%, L3 in 5.0%, L1 in 2.5%,
and T7 in 2.5%. In the control group, LIV was at L5 in 55.0%
of cases, S1in 40.0%, and L2 in 5.0%. In the DJF Group, LIV
was at L5 in 75.0% of cases, L3 in 10.0%, S1 in 10.0%, and
T7 in 5.0%.

The mean number of instrumented fused levels was 3.27 +
1.20 (range: 2.00-7.00 levels; IQR: 2.75-4.00) for all patients.
The control group had a mean of 3.10 + 0.91 fused levels
(range: 2.00-6.00), while the DJF group had a mean of 3.45
+ 1.43 fused levels (range 2.00-7.00). In the DJF Group, the
mean interval between the first and second surgeries was
39.40 + 29.21 months (range: 5.0-108.0 months; IQR: 18.75-
57.5 months) (Table I, Figure 1).

The preoperative LL for all patients was 47.33 + 14.37 degrees
(range: 18.3-73.9 degrees). The control group had a mean
preoperative LL of 43.97 + 15.08 degrees, while the DJF
group had a mean of 50.68 + 13.14 degrees. The difference
between the groups was not statistically significant (p=0.14).
Postoperatively, overall LL was 45.63 + 13.65 degrees. The
control group had a significantly higher mean LL (50.14 + 8.91
degrees) than the DJF group (41.11 + 16.13 degrees; p=0.03).

Preoperative PT averaged 21.30 + 11.97 degrees. The control
group had a mean of 19.06 + 12.93 degrees, while the
DJF Group had a mean of 23.53 + 10.78 degrees (p=0.24).
Postoperatively, PT decreased to 19.10 = 11.08 degrees
overall, with the control group at 15.83 + 10.92 degrees and
the DJF group at 22.37 + 10.49 degrees. This difference did
not reach statistical significance (p=0.06).

Pl averaged 54.45 + 11.27 degrees preoperatively, with no
significant difference between the control group (51.65 + 9.40
degrees) and the DJF group (57.24 + 12.49 degrees; p=0.12).
Pl remained stable postoperatively (p=0.24).

Preoperative SS was 33.43 + 11.74 degrees overall, with no
statistically significant difference between groups (control:
32.65 + 11.18 degrees; DJF: 34.21 + 12.51 degrees; p=0.68).
Postoperative SS increased slightly to 35.90 + 9.87 degrees
for all patients, without significant between-group differences
(p=0.43).

The preoperative PI-LL mismatch was 12.60 + 10.07 degrees
overall, with no statistically significant difference between
the control group (15.11 + 10.15 degrees) and the DJF group
(10.09 + 9.58 degrees; p=0.12). Postoperatively, the PI-LL
mismatch increased slightly to 13.56 + 11.89 degrees for all
patients. The DJF group had a significantly higher mismatch
(17.98 + 14.13 degrees) than the control group (9.13 + 7.02
degrees; p=0.02) (Table Il). Among patients with L5 as the LIV,
no statistically significant difference was observed in either
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Table I: Demographic and Clinical Characteristics of Patients in the Control and DJF Groups

Data All Patients (n=40) Control Group (n=20) DJF Group (n=20)
n (%) / M £ SD (min - max) [Q1 Q3]
Ade 59.62 + 12.85 58.90 + 13.02 (23-80) 60.35 + 12.97 (25-80)
9 [65.0-68.0] [54.5-66.5] [567.25-68.25]
Gender Female (67.5%) Female (65.0%) Female (70.0%)
Male (32.5%) Male (35.0%) Male (30.0%)
Lumbar (92.5%) o Lumbar (90.0%)
Region Thoracolumbar (5.0%) Lumbar (95.0%) Thoracolumbar (5.0%)

Thoracolumbar (5.0%)

Thoracic (2.5%) Thoracic (5.0%)

(o)
L5 (65.0%) L5 (75.0%)

[0) (o)
Lower Instrumented St (25'(3/’) L1 (55'05)) L3 (10.0%)
vertebra (LIV) L3 (5.0%) S1(40.0%) S1(10.0%)
L1 (2.5%) L2 (5.0%) 7 6.0%)
T7 2.5%) =7
nstrumental fused lovels 327 £ 1:20[2.00 - 7.00] 3.10 + 0.91 3.45 + 1.43
[2.75-4.0] [2.00 - 6.00] [2.00 - 7.00]
g:c:a;f:ogzt‘;"ieg:'m 39.40 = 29.21 (5.0-108.0) 39.40 + 29.21 (5.0-108.0)
gery [18.75-57.5] [18.75-57.5]

(month)

DJF: Distal junctional failure, LIV: Lower Instrumented Vertebra, M: Mean, SD: Standard Deviation, min: Minimum, max: Maximum, Q1: First
Quartile, Q3: Third Quartile.

Causes of Failure and LIV Distribution

Causes of Failure LIV Distribution - Overall Cohort

Adjacent Segment Issues

L5

Screw Breakage

Screw Loosening S1

LIV Distribution - Control Group LIV Distribution - DJF Group
Figure 1: Causes of Failure and

Distribution of Lower Instrumented
5 Vertebra (LIV) in the Overall Cohort,
55.0% Control Group, and DJF Group.

75.0% This figure illustrates the distribution
of failure causes, including screw
breakage, screw loosening, and
20k 0 7 adjacent segment issues, alongside

10.0% the distribution of the LIV in the
overall cohort, control group, and
DJF group. The pie charts provide a
visual breakdown of the distribution
s1 B of L5, 81, L3, L1, and T7 as the lower
instrumented vertebrae in each group.

L5

40.0% s1

92 | Turk Neurosurg 36(1):89-98, 2026



Table lI: Preoperative and Postoperative Spinopelvic Parameters of Patients in the Control and DJF Groups
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Parameter All Patients (n=40) Control Group (n=20) DJF Group (n=20) p-value
n (%) / M £ SD (min - max) [Q1 Q3]
Proonerative LL 47.33 + 14.37 (18.3-73.9) 43.97 + 15.08 (18.3-67.9) 50.68 + 13.14 (27.8-73.9) 0.14
P [35.63-57.38] [30.88-56.73] [43.05-62.57] :
. 45.63 + 13.65 (6.9-87.7) 50.14 + 8.91 (37.6-75.0) 41.11 + 16.13 (6.9-87.7) .
Postoperative LL [38.9-50.3] [45.25-53.65] [34.7-46.6] 0.03
. 21.30 + 11.97 (0.2-50.9) 19.06 + 12.93 (0.2-43.6) 23.53 + 10.78 (6.5-50.9)
Preoperative PT [13.15-29.58] [9.1-25.35] [14.9-30.53] 0.24
. 19.10 = 11.08 (3.0-50.9) 15.83 + 10.92 (3.0-40.1) 22.37 + 10.49 (4.4-50.9)
Postoperative PT [12.45-25.83] [6.88-19.92] [14.73-27.28] 0.06
Preonerative P 54.45 + 11.27 (34.9-80.2) 51.65 + 9.40 (34.9-68.2) 57.24 + 12.49 (36.8-80.2) 0.12
P [47.48-62.22] [45.75-57.55] [47.65-66.38] '
. 54.68 + 12.18 (35.3-83.3) 52.38 + 11.74 (35.3-83.3) 56.99 + 12.46 (36.5-80.3)
Postoperative Pl [45.73-61.13] [44.28-57.2] [48.0-65.98] 0.24
. 33.43 + 11.74 (4.4-56.3) 32.65 + 11.18 (8.3-48.4) 34.21 + 12.51 (4.4-56.3)
Preoperative SS [27.08-41.0] [25.23-40.8] [27.83-41.0] 0.68
. 35.90 + 9.87 (5.2-60.8) 37.16 + 6.42 (26.6-50.2) 34.63 + 12.47 (5.2-60.8)
Postoperative SS [30.65-40.88] [32.2-40.63] [26.8-42.3] 0.43
Preoperative PI-LL 12.60 = 10.07 (1.2-45.3) 15.11 + 10.15 (1.2-45.3) 10.09 + 9.58 (1.4-34.0) 0.12
mismatch [5.48-18.10)] [8.05-19.0] [2.65-12.65] '
Postoperative PI-LL  13.56 + 11.89 (1.6-68.4) 9.13 + 7.02 (1.6-29.5) 17.98 + 14.13 (1.72-68.4) 0.02¢
mismatch [7.8-16.55] [3.475-12.08] [9.48-20.03] .
Preoperative LL 4389+ 12,51 (22.7-595)  5284+14.16(27.8-739) ..
LIV L5) [35.05-53.85] [43.75-64.70] :
Postoperative LL 47.95 + 4.73 (38.9 - 55.0) 42.38 + 18.48 (6.9 - 87.7) 034

(LIV L5)

[45.95-50.40]

[34.20-50.25]

LL: Lumbar lordosis, PT: Pelvic tilt, PI: Pelvic incidence, SS: Sacral slope, PI-LL mismatch: Pelvic incidence - Lumbar Lordosis mismatch,
M: Mean, SD: Standard Deviation, min: Minimum, max: Maximum, Q1: First Quartile, Q3: Third Quartile, *: p<0.05.

preoperative or postoperative LL values (p=0.011, p=0.34,
respectively).

A comparison between preoperative and postoperative
spinopelvic parameters revealed significant changes in both
groups. Both groups showed significant improvement in LL
after surgery (control: p=0.03; DJF: p=0.01). PT, PI, and SS did
not show statistically significant preoperative to postoperative
changes in either group (PT: control p=0.22, DJF p=0.25; PI:
control p=0.51, DJF p=0.07; SS: control p=0.06, DJF p=0.68).
Postoperatively, the PI-LL mismatch significantly improved in
both the control group (p=0.01) and the DJF group (p=0.01)
(Table Il1).

The change in LL differed significantly between groups
(p=0.01). The DJF group showed a mean decrease in LL of
—9.58 degrees, while the control group had a mean increase of
6.18 degrees. Postoperatively, the PI-LL mismatch increased
in the DJF group by 7.9 degrees and decreased by 5.98 de-
grees in the control group, a statistically significant difference

(p=0.01). Changes in PT, PI, and SS did not significantly differ
between groups (p=0.45, p=0.37, p=0.11, respectively) (Table
IV, Figure 2).

The PI-LL mismatch and the change in PI-LL mismatch
were evaluated in terms of sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV).
For postoperative PI-LL mismatch, sensitivity was 0.65,
specificity was 0.75, PPV was 0.722, and NPV was 0.682.
When analyzing the change in PI-LL mismatch, sensitivity was
0.8, specificity was 0.9, PPV was 0.889, and NPV was 0.818
(Table V, Figures 3 and 4).

B DISCUSSION

The incidence of DJF has been reported to range between
1.8% and 15.6% (15). DJF refers to mechanical failure
occurring at the distal end of the instrumented spine. Some
patients may remain asymptomatic, with DJF identified only
through radiographic findings, while others may experience
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Table lll: Comparison of Preoperative and Postoperative Spinopelvic Parameters in Control and DJF Groups

Parameter Control Group p-value DJF Group p-value
Preoperative LL vs Postoperative LL 0.03* 0.01*
Preoperative PT vs Postoperative PT 0.22 0.25
Preoperative Pl vs Postoperative PI 0.51 0.07
Preoperative SS vs Postoperative SS 0.06 0.68
Preoperative PI-LL mismatch vs Postoperative PI-LL mismatch 0.01* 0.01*

LL: Lumbar lordosis, PT: Pelvic tilt, PI: Pelvic incidence, SS: Sacral slope, PI-LL mismatch: Pelvic incidence - Lumbar Lordosis mismatch,

* p<0.05.

Table IV: Postoperative Changes in Spinopelvic Parameters for DJF and Control Groups

Parameter DJF Group DJF G_-ro_up Control Group ControI_Gl_roup p-value
Change Description Change Description

LL change after surgery -9.58 Decreased 6.18 Increased 0.01

PT change after surgery -1.17 Decreased -3.23 Decreased 0.45

PI change after surgery -0.26 Decreased 0.73 Increased 0.37

SS change after surgery 0.42 Increased 4.51 Increased 0.11

PI-LL mismatch change after surgery 7.9 Increased -5.98 Decreased 0.01

LL: Lumbar lordosis, PT: Pelvic tilt, PI: Pelvic incidence, SS: Sacral slope, PI-LL mismatch: Pelvic incidence - Lumbar Lordosis mismatch,

* p<0.05.

Table V: Sensitivity, Specificity, and Predictive Values for
Postoperative and Change in PI-LL Mismatch

Postoperative Change in PI-LL

Metric PI-LL Mismatch Mismatch
Sensitivity 0.65 0.8
Specificity 0.75 0.9

PPV 0.722 0.889
NPV 0.682 0.818

PI-LL mismatch: Pelvic incidence - lumbar lordosis mismatch,
PPV: Positive predictive value, NPV: Negative predictive value.

more acute symptoms, often describing an audible sound or
a sensation linked to hardware failure, such as a rod or screw
fracture (15). In other cases, DJF presents more gradually,
with persistent postoperative pain, leading to the discovery
of pseudarthrosis or adjacent segment disease on advanced
imaging (14).

In our study, the primary causes of failure in patients undergo-
ing thoracolumbar posterior stabilization were adjacent seg-
ment disease (60%), screw loosening (35%), and screw break-
age (5%). This distribution aligns with findings in the literature,
although variations exist depending on patient demographics,
surgical techniques, and follow-up durations. Adjacent seg-
ment disease was the most frequent cause of failure in our

94 | Turk Neurosurg 36(1):89-98, 2026

cohort, accounting for 60% of all failures (7). Screw loosening
was responsible for 35% of failures, while screw breakage ac-
counted for 5%. Screw loosening is often attributed to poor
bone quality, incorrect screw positioning, or excessive stress
at the instrumented junctional segment. Screw-related issues,
including loosening and breakage, are particularly common in
patients with osteoporosis or those undergoing long instru-
mented fusions (3,20). Hardware complications such as screw
breakage are frequently preceded by loosening, as increased
micromotion weakens the screw-bone interface over time.
Additionally, variability in surgical technique (e.g., using stron-
ger, larger diameter screws or dual-rod systems) may also in-
fluence these outcomes.

In our study, most patients had LIV at L5, which is consistent
with literature emphasizing the importance of selecting the
distal-most instrumented vertebra, often referred to as the end
segment vertebra (ESV). The use of L5 as the LIV has been
a subject of ongoing debate due to its anatomical position
and the biomechanical stresses placed on the L5-S1. Studies
suggest that fusions ending at L5 may predispose patients to
degeneration, sagittal imbalance, and ultimately DJF (8). Thus,
while L5 may be appropriate for certain patients—particularly
those with a healthy L5-S1 disc and short fusions—surgeons
must carefully consider individual anatomical and alignment
factors.

LL is a crucial parameter in maintaining spinal sagittal balance.
Normal LL values typically range from 40 to 60 degrees,
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Preoperative and Postoperative Mean Values for Each Parameter
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Figure 2: Preoperative and Postoperative Mean Values for Lumbar Lordosis (LL), Pelvic Tilt (PT), Pelvic Incidence (Pl), Sacral Slope
(8S), and PI-LL Mismatch in the Control and DJF Groups. This figure illustrates the comparison of mean preoperative and postoperative
values for LL, PT, PI, SS, and PI-LL mismatch between the control and DJF groups. The graphs depict the trends and differences in

each parameter after surgical intervention.
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Figure 3: ROC Curves for Postoperative PI-LL Mismatch
and Change in PI-LL Mismatch. This figure displays the
receiver operating characteristic (ROC) curves comparing
the postoperative PI-LL mismatch (AUC = 0.74) and the
change in PI-LL mismatch (AUC = 0.87), illustrating the
diagnostic performance of these metrics in predicting
outcomes.
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depending on pelvic morphology (9). This curvature facilitates
appropriate force distribution along the spine and plays a
critical role in overall posture and mobility (4). Achieving or
restoring optimal LL is essential, as inadequate correction
is associated with postoperative complications, including
DJF. In our study, the DJF group exhibited a postoperative
reduction in LL of —-9.58 degrees, whereas the control group
showed a mean increase of 6.18 degrees. Several studies
have suggested that overcorrecting LL, particularly when L5 is
selected as the LIV, may elevate the risk of DJF (10). However,
we found no statistically significant difference in DJF rates
between patients whose fusions ended at L5 and those whose
fusions did not, despite similar LIV selection across groups.

The PI-LL mismatch is widely considered a critical indicator
of sagittal balance. Pl is a constant anatomical parameter that
determines the optimal degree of lordosis for an individual
(18). A PI-LL mismatch greater than 10 degrees is considered
pathologic and has been strongly linked to poor surgical
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Figure 4: A, C) depict preoperative
images showing the measurement
of pelvic parameters in patient case
examples,

B, D) show the postoperative
measurements of the same pelvic
parameters in these cases,

E, F) are sagittal CT images from the
cases, highlighting screw loosening,
indicated by the red arrows.

outcomes, including DJF (17). In our analysis, patients who
developed DJF exhibited an increased postoperative PI-LL
mismatch, whereas those without DJF maintained a more
balanced alignment. These findings support previous reports
suggesting that both insufficient correction and overcorrection
of the PI-LL mismatch may contribute to the development
of DJF. Maintaining this mismatch within a physiologic
range is critical for minimizing the mechanical burden at
both the proximal and distal junctions. Ailon et al. similarly
observed a significantly increased DJF risk in patients with a
postoperative mismatch exceeding 15 degrees (1), reinforcing
our conclusions.

Limitations

This study has several limitations. First, its retrospective
design may introduce selection bias, as data were collected
from existing medical records, and not all relevant variables
could be consistently controlled. Second, the relatively small



sample size—40 patients divided into two groups—may
limit the generalizability of our findings. Nevertheless, given
the rarity of DJF, this number remains acceptable for initial
analysis. Another limitation is the variable follow-up period.
Although some patients were followed for up to six years,
longer-term data would offer deeper insight into the durability
of surgical corrections and the development of DJF over time.

Additionally, while the study focused on spinopelvic
parameters such as LL and PI-LL mismatch, other potentially
influential factors—such as bone quality, comorbidities, and
specific surgical techniques—were not comprehensively
analyzed. Our reliance on radiographic evidence to identify
DJF may have also overlooked subtler or purely clinical
manifestations, as some patients remain asymptomatic
despite radiologic evidence of failure. Future research should
incorporate advanced imaging modalities and detailed
functional assessments to better capture the full spectrum of
DJF.

We excluded patients with advanced osteoporosis to better
isolate other contributing factors to DJF. However, we
recommend future subgroup analyses focusing on osteoporotic
patients, as preoperative osteoporosis is a known risk factor
for postoperative DJF. The American National Osteoporosis
Foundation advises preoperative vitamin D and calcium
supplementation for surgical cases, and a study by Liu et al.
found a lower incidence of adjacent segment pathology in
patients receiving osteoporosis treatment (11). Furthermore,
the use of expandable or cement-augmented cannulated
screws has been suggested to reduce DJF risk in osteoporotic
individuals (14).

B CONCLUSION

To minimize the risk of DJF in posterior thoracolumbar
fusion surgery, it is essential to achieve an optimal LL. Both
overcorrection and undercorrection can disrupt sagittal
balance and increase mechanical stress on distal segments,
leading to DJF. Maintaining an appropriate PI-LL mismatch
is equally critical in reducing the biomechanical burden on
junctional regions and improving long-term surgical outcomes.
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