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OPEN |mpact of kyphosis exceeding 30°

on lumbar spine in patients with
post-traumatic kyphosis
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This study investigated the impact of post-traumatic kyphosis (PTK) on the lumbar spine using a
local Cobb angle of 30° as the cutoff point. The measurements included the local Cobb angle, lumbar
lordosis angle (L1-L5), intervertebral space angle (IVSA), lumbar disc degeneration, and posterior
wall height loss (PWHL). Patient characteristics such as sex, age, disease duration, American Spinal
Injury Association (ASIA) grade, fracture site, bone mineral density (BMD), Oswestry Disability Index
(ODI), and visual analogue scale (VAS) score were also recorded. Patients were divided into two groups
based on the thoracolumbar local Cobb angle: Group 1 (local Cobb angle >30°, n=48) and Group 2
(local Cobb angle <30°, n=28). Comparative analysis revealed that Group 1 had a significantly longer
disease duration, higher VAS and ODI scores, greater lumbar lordosis angle, increased L4/5 IVSA, and
more severe lumbar disc degeneration (p <0.05). Furthermore, across all patients, disease duration,
lumbar lordosis angle, and L4/5 IVSA were positively correlated with the local Cobb angle (p<0.05).
These findings suggest that when the local Cobb angle exceeds 30°, PTK may aggravate lumbar
degeneration.

Keywords Post-traumatic kyphosis, Lumbar compensatory lordosis, Anatomic parameter measurement,
Compensatory segment

The thoracolumbar segment (T11-L2) is the junction point between the physiological kyphosis of the thoracic
vertebra and the physiological lordosis of the lumbar vertebra, which is an essential biological stress hinge area
of the human spine!~. Patients with thoracolumbar fractures are more likely to experience post-traumatic
thoracolumbar kyphosis (PTK)!*. PTK is the result of malunion of thoracolumbar fractures caused by various
reasons in the early stage of trauma, and the main reasons for PTK include failed diagnosis or non-formal
treatment?~S.

When patients with PTK are in an unbalanced state of the thoracolumbar segment, it leads to excessive
lordosis of the lumbar spine to regulate the balance of the entire spine, often leading to issues such as low
back pain, nerve damage, and aesthetics, affecting the quality of life of patients; in severe cases, respiratory
and abdominal organ functions are threatened’-'!. The selection of surgical timing for patients with PTK is
controversial, and surgical treatment at different periods will lead to various postoperative complications. It
is widely accepted that surgical intervention should be performed when the local Cobb angle is 30°-40°1213,
Simultaneously, in the preoperative examination of these patients, we found that the lumbar lordosis angle
increased significantly, resulting in deterioration of the overall spinal balance. Few studies have analysed the
effect of local kyphosis on the compensatory lordosis of the lumbar spine in patients with PTK.

Our study had several objectives: (1) to measure the thoracolumbar local Cobb angle and lumbar lordosis
parameters using radiography and MRI, and (2) to compare the differences in the parameters of the lumbar
spine. (3) To investigate the compensation and degeneration of the lumbar vertebrae in patients with PTK,
analyse its pathogenesis, and explore its clinical significance.

1Department of Orthopaedics, The Affiliated Hospital of Southwest Medical University, No. 25 Taiping Street, Luzhou
646000, Sichuan Province, China. 2Department of Spine Surgery, Suining Center Hospital, No. 27 Dongping North
Road, Hedong New District, Suining 629018, Sichuan Province, China. 3Junjie Yang and Zhike Chen contributed
equally to this work. *email: guangzhouli08@163.com; wgj199823@163.com

Scientific Reports |

(2025) 15:20970 | https://doi.org/10.1038/s41598-025-07046-x nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-07046-x&domain=pdf&date_stamp=2025-6-18

www.nature.com/scientificreports/

Methods

Patients

This was a retrospective radiographic study. This study was approved by the Ethics Committee of the Affiliated
Hospital of Southwest Medical University and strictly followed the guidelines of the Declaration of Helsinki
(KY2024098). The ethics committee approved the waiver of written informed consent. We collected information
from patients admitted to our hospital for kyphosis between January 2018 and December 2021.

The inclusion criteria were: (i) patients aged >18 years, (ii) a clear history of trauma without formal surgery
treatment, (iii) single vertebral body fracture (T11-L2), (iv) no history of thoracolumbar surgery, and (v) Bone
mineral density (BMD, T-Score >-2.5). The exclusion criteria were: (i) course of fracture not less than 6 months,
(ii) other serious lumbar degenerative diseases (severe lumbar spondylolisthesis, congenital spinal stenosis,
scoliosis, etc.), (iii) spinal infection, (iv) craniocerebral diseases and spinal cord neuropathy, and (v) severe hip
and knee diseases and unequal length of the lower limbs.

Finally, 76 patients met the inclusion and exclusion criteria (Fig. 1), who were then divided into two groups
according to the local Cobb angle. The first group was Cobb angle >30 °(Groupl, n=48), and the second group
was Cobb angle <30 °(Group2, n=28).

Radiographic assessment

Pretreatment radiologic parameters were measured using plain radiography, including the local Cobb angle,
lumbar lordosis angle, intervertebral space angle (IVSA), and posterior wall height loss (PWHL). The degree of
disc degeneration was assessed using MRI according to the modified disc degeneration grading system proposed
by Pfirrmann'?.

The local Cobb angle was defined as the angle formed by the upper endplate of the adjacent vertebral body
above the injured vertebral body and the adjacent vertebral body below the injured vertebra (Fig. 2a)'>. The
lumbar lordosis angle was defined as the angle between the upper endplate of L1 and the lower endplate of
L5 (Fig. 2b)!6. The IVSA was defined as the angle between the lower endplate of the upper vertebra and the
upper endplate of the lower vertebra (Fig. 2c). The PWHL of the injured vertebral body was measured using
the following formula: PWHL = (2xP1)/(P2 + P3), where P1 was the height of the posterior wall of the injured
vertebral body; P2, was the height of the posterior wall of the adjacent vertebral body above the injured vertebra,
and P3 was the height of the posterior wall of the adjacent vertebral body below the injured vertebral body
(Fig. 2d). According to PWHL, the fracture type was divided into burst fracture (PWHL < 0.80) and compression
fracture (PWHL>0.80)".
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Fig. 1. Case screening flow chart.
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Fig. 2. Relevant parameters were measured in all enrolled cases. (a) Local Cobb angle was defined as the
angle formed by the upper end plate of the adjacent vertebral body above the injured vertebra and the adjacent
vertebral body below the injured vertebra. (b) The lumbar lordosis angle was defined as the angle between the
upper end plate of L1 and the lower end plate of L5. (c) Intervertebral space angle was defined as the angle
between the lower end plate of the upper vertebral and the upper end plate of the lower vertebral(a, B, y, 6, 5).
(d) Posterior wall height loss = (2xP1)/(P2 + P3); P1, the height of the posterior wall of the injured vertebral
body; P2, the height of the posterior wall of the adjacent vertebral body above the injured vertebral; P3, the
height of the posterior wall of the adjacent vertebral body below the injured vertebral.

General information

Data on sex, age, disease duration, American Spinal Injury Association (ASIA) grade, fracture site, BMD,
Oswestry Disability Index (ODI), and visual analogue scale (VAS) scores were obtained from clinical notes and
evaluated.

Statistical analysis

All statistical analyses were performed using SPSS software (version 26.0; IBM, Armonk, NY, USA). Counting
data were expressed as percentages, and measurement data were expressed as mean + standard deviation (SD).
A Student t test or a nonparametric test and X? test were used to evaluate differences between the two groups.
Logistic regression was used to analyse the influence of controlling disease duration factors on the degree of disc
degeneration, and Spearman’s correlation coefficient was used for correlation analysis.

Results

Patient characteristics

A total of 76 patients with PTK, there were 23 men and 53 women (average age, 61.45+9.91 years; range, 32-84
years). The average local Cobb angle was 37.13°+15.61° (range, 16°-119°). The average disease duration was
8.01+7.37 years (range, 0.6-40 years). The average lumbar lordosis angel was 46.67°£13.29° (range, 10.20°-
85.40°). Injured vertebrae included T11 (n=16), T12 (n=25), L1 (n=23), and L2 (n=12). The fracture types
included burst (n=39) and compression (n=37) fractures.

Comparison of general information

Age, sex, ASIA grade, fracture site, fracture type, and BMD were not significantly different between the two
groups (P>0.05). Disease duration, VAS, and ODI were significantly different between the two groups (Groupl
vs. Group2, 9.87 +7.85years vs. 4.81 + 5.16years, 4.60 +1.50 vs. 3.39+£0.97, 28.21 +6.50 vs. 21.64 +4.40; p< 0.05)
(Table 1).

Comparison of imaging parameters

There were no significant differences in the parameters of L1/2, L2/3, L3/4, and L5/S1 IVSA between the two
groups (P>0.05). The lumbar lordosis angle, L4-5IVSA and L2/3 as well as L3/4 and L4/5 disc degeneration were
significantly different between the two groups (Groupl vs. Group2, 51.24°+12.01°vs. 38.83°£11.78°, 13.46°+
4.48°vs. 10.41°+ 4.09° p<0.05)(Table 2).

Correlation analysis

The Spearman’s correlation analysis showed that the Cobb angle was significantly positively correlated with
the lumbar lordosis angle (r=0.558, p<0.05), disease duration (r=0.584, p<0.05), and L4/5 IVSA (r=0.475,
p<0.05) (Fig. 3).

Discussion
In this study, we found that when the local Cobb angle in patients with PTK was greater than 30°, the lumbar
spine would appear to have obvious compensatory lordosis. The main compensatory segment was L4/5, and the
degree of lumbar disc degeneration was aggravated. Patients experience lower back pain, nerve damage, and
other clinical symptoms affecting their quality of life.

Over the past few decades, increasing attention has been paid to the importance of sagittal spinal balance
and lumbar degenerationl&lg. However, few studies have focused on the functional and structural effects on the
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Local Cobb angle>30° | Local Cobb angle <30°
(Groupl,n=48) (Group2,n=28) X2/t P Values
Age(years), mean + SD 62.77 £9.66 59.18+10.10 -1.538 | 0.128
Sex, male/female (n) 14/34 9/19 0.074 | 0.785
Disease duration (years), mean+SD | 9.87+7.85 4.81+5.16 -3.051 | p<0.05
American Spinal Injury Association classification (n)
E 4 1
D 19 10 0917 | 0.632
C 25 14
Fracture site(n)
T11 10 6
T12 17 8
0.427 | 0.935

L1 14 9
L2 7 5
BMD(T-score) -0.97 -0.55 1.339 | 0.185
Fracture type(n) 25 14
Burst fracture 0.031 | 0.861

. 23 14
Compression fracture
Visual analog scale 4.60+1.50 3.39+0.97 -3.90 | p<0.05
Oswestry Disability Index 28.21+6.50 21.64+4.40 -4.74 | p<0.05

Table 1. Comparison of general information of 76 Patients.

Local cobb angle >30°(Groupl,n=48) | Local cobb angle <30°(Group2,n=28) | X*/t | P Values

Lumbar lordosis angle (°) 51.24+12.01 38.83+11.78 -4.372 | <0.001
IVSA(°)

L1/2 6.64+3.21 8.11+3.44 1.874 | 0.065
L2/3 9.20+4.35 9.20+3.37 0.004 | 0.997
L3/4 10.70+3.75 9.88+3.40 -0.956 | 0.342
L4/5 13.46+4.48 10.41+4.09 -2.951 | <0.05
L5/S1 15.27+5.19 17.80+£14.58 1.092 | 0.278
511;3 degeneration(VIVII/IVIV) | 173515/ 9/10/8/1/0 ; 0.384
12/3 9/19/14/5/1 15/11/1/1 - p<0.05
L3/4 10/23/10/3/2 17/8/3/0/0 - p<0.05
L4/5 1/5/24/12/6 8/13/5/1/1 - p<0.05
L5/S1 14/27/6/1/0 14/9/4/1/0 - 0.227

Table 2. Comparison of imaging parameters between two Group.

r=0.558
p<0.05
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Fig. 3. Correlation of the local Cobb angle with lumbar lordosis angle, course of disease, and L4/5
intervertebral space angle. The local Cobb angle was positively correlated with the lumbar lordosis angle (a),
the L4/5 intervertebral space angle (b), and the disease course (c).

lumbar spine in patients with PTK. The current evidence suggests a significant correlation between thoracolumbar
kyphosis and lumbar lordosis in the normal population
curvature, the gravitational line of the body passes through the junctions of these curves??. Owing to the rigid
thoracic spine above and the relatively mobile lumbar spine below, the thoracolumbar junction becomes a region

20,21

. When the spine maintains its physiological
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of stress concentration and is thus the most common site of thoracolumbar fractures!®'. If such fractures are
not managed in a timely or appropriate manner, they may progress to PTK, a severe complication of vertebral
fractures. Inadequate restoration of the vertebral body height leads to local sagittal imbalance, contributing to
paraspinal muscle fatigue and chronic low back pain. Symptoms are often more pronounced when the local
Cobb angle exceeds 30°2%24,

As kyphotic deformity worsens, the centre of gravity shifts anteriorly. To maintain postural balance, the body
compensates by increasing lumbar lordosis. However, this adaptation places considerable strain on the posterior
musculature above the deformity, which is subjected to prolonged tension to maintain non-physiological
alignment®>?. Over time, this leads to muscular fatigue and dysfunction, perpetuating a vicious cycle in which
forward weight shift exacerbates kyphosis?”?%. This cycle not only increases the mechanical load on the lumbar
spine but also accelerates disc degeneration, which may result in secondary lumbar pathologies such as disc
herniation, spinal stenosis, and spondylolisthesis®®. Age-related changes in bone quality play a critical role in this
process. With aging, a decline in BMD, trabecular thinning, and cortical bone loss compromise the mechanical
integrity of the vertebral®**!. These changes significantly increase the risk of vertebral collapse, progressive wedge
deformity, and kyphotic progression following fractures, further aggravating the global sagittal imbalance®>*.

Previous studies have consistently demonstrated that the lower lumbar segments exhibit significantly greater
mobility than superior levels, with the L4/5 motion segment demonstrating the most pronounced kinematic
characteristics®. This transitional zone plays a pivotal role in maintaining the lumbar biomechanical function
and withstanding dynamic loads, rendering it particularly vulnerable to degenerative changes. Anatomically, the
L4/5 segment serves as a primary contributor to the lumbar lordotic curvature and demonstrates remarkable
compensatory mobility during sagittal imbalance®*. This study revealed statistically significant differences
(P<0.05) in both IVSA and disc degeneration severity at the L4/5 level between the two groups. This finding is
consistent with the unique anatomical structure and functional characteristics of the L4/5 segment. Based on
previous literature and our results, we conclude that the L4/5 segment is not only the primary regulatory zone for
compensatory lumbar lordosis, but also the most sensitive area for lumbar degeneration in patients with PTK.
Degeneration at this segment may directly affect the compensatory efficiency and maintenance of overall sagittal
balance. Therefore, L4/5 should be regarded as an important target for the evaluation and management of PTK-
related low back pain, especially in patients undergoing nonoperative management.

Numerous studies have reported that early surgical intervention may help prevent the further progression of
local kyphosis and lumbar degeneration in patients with PTK®. Surgical planning poses significant challenges
in patients with severe deformities and long-standing multi-level compensatory mechanisms. Traditional
procedures such as Smith-Petersen osteotomy (SPO) and pedicle subtraction osteotomy (PSO) have been widely
used to correct PTK. However, these techniques are associated with extensive osteotomy, substantial intraoperative
blood loss, and potential risks such as spinal cord shortening®#-10. Recently, alternative techniques such as spinal
joint release (SJR), proposed by Wang et al., have been reported to achieve sagittal correction with significantly
less osteotomy and blood loss, offering a promising new surgical option for PTK*!. Nevertheless, BMD remains
a key determinant of surgical outcomes. If BMD is not adequately evaluated and optimised preoperatively, there
is a heightened risk of complications such as implant failure and correction loss. Preoperative planning should
incorporate BMD assessment and appropriate osteoporosis treatment, particularly in patients scheduled for
corrective osteotomy or fusion procedures*?. Ensuring adequate screw purchases and a favourable environment
for bone fusion are essential. In patients with severe sagittal imbalance and limited compensatory capacity, more
extensive correction strategies, including multilevel osteotomy or cement augmentation, may be required to
restore alignment and enhance construct stability?®. Based on the findings of this study, surgical intervention may
be considered when the local kyphosis angle in PTK patients exceeds 30°. However, the local kyphosis angle alone
should not serve as the sole criterion for surgical decision making. A comprehensive assessment should include
the degree of local kyphosis, lumbar compensatory capacity, extent of intervertebral disc degeneration, and
bone quality. These factors are essential for accurately determining the optimal timing of surgery and choosing
between elective and semi-urgent procedures. Both global sagittal balance and local spinal stability should be
considered to achieve precise sagittal correction. Semi-urgent surgery is recommended for patients presenting
with rapidly progressing neurological symptoms or severe sagittal imbalances. Contrastingly, for patients with
tolerable pain and preserved muscle function, elective surgery may be appropriate and ideally combined with
preoperative rehabilitation to enhance postoperative recovery. By integrating these considerations, surgical
outcomes can be optimised, the risk of postoperative complications can be reduced, and long-term prognosis
can be improved.

Although our study yielded meaningful results, there were certain limitations that may affect the credibility
of our findings. First, the sample size was relatively small and may not fully represent the overall population.
Future studies should include a larger number of cases to provide a more comprehensive depiction of this
situation. Second, measurement and observer subjectivity are inevitable. Furthermore, the relevant imaging
features of patients with PTK are still under discussion and have yet to be fully validated for clinical evaluation
and treatment plan selection. With advances in imaging technology, further research could offer a more detailed
and accurate classification of PTK imaging features. Finally, this study did not systematically investigate the
effect of the pelvic coefficient on the overall sagittal balance of the spine, nor did it observe the effects of cervical
parameters on the thoracolumbar curvature, degeneration, and instability, as well as the compensation of
cervical vertebrae in the whole cervical system.

Conclusion

When the local Cobb angle of patients with PTK is greater than 30°, the lumbar lordosis of the patients will
be compensated for, mainly by the L4/5 segment. Simultaneously, the degree of lumbar disc degeneration in
patients with PTK was aggravated. Diagnostic and treatment plans should be developed for such patients.
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Data availability

The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request. This is not to restrict the use of our dataset but to allow the Research Ethics Com-
mittee of the affiliated hospital of Southwest Medical University to understand the actual use of the dataset.
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