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Abstract
Background  Traumatic intervertebral disc injury, while frequently observed in thoracolumbar fractures, is often 
overlooked in clinical management. This research aimed to investigate how traumatic intervertebral disc injury 
influences spinal stability and to analyze the risk factors for correction loss after posterior pedicle screw fixation for 
thoracolumbar fractures.

Methods  A retrospective analysis was performed on 194 thoracolumbar fracture patients who received pedicle 
screw fixation. The assessment of disc injury was conducted using magnetic resonance imaging (MRI). Patients were 
categorized into intervertebral disc injury (IDI) and non-IDI (nIDI) groups. The clinical variables included visual analog 
scale (VAS) score, and American Spinal Injury Association score. The radiological data, comprising the vertebral wedge 
angle (VWA), Cobb angle (CA), disc angle, disc height, anterior (AVBHr), midline (MVBHr), and posterior vertebral body 
height ratio (PVBHr), were compared before surgery, one week after the operation, and at final follow-up. The mean 
follow-up duration was 12.7 ± 7.0 months.

Results  The mean VAS score showed significant improvement postoperatively. 22.6% of patients with IDI developed 
the intervertebral vacuum phenomenon. The IDI group exhibited significantly greater CA and VWA, as well as 
lower disc height, AVBHr and MVBHr than the non-IDI group at the last follow-up. Age (odds ratio [OR] = 1.038, 95% 
confidence interval [CI] = 1.011–1.066, P = 0.005), male (OR = 2.201, 95% CI = 1.107–4.377, P = 0.025), and IDI (OR = 2.463, 
95% CI = 1.105–5.489, P = 0.028) were statistically significant risk factors for kyphosis correction loss according to 
multivariate logistic regression analysis.

Conclusion  Traumatic IDI contributes to loss of correction following thoracolumbar fractures and is closely 
associated with accelerated disc degeneration. Age, male, and IDI are independent risk factors for postoperative 
kyphosis recurrence in patients with thoracolumbar fractures.
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Background
Thoracolumbar fractures, a prevalent type of spinal frac-
ture, typically occur at the thoracolumbar junction. This 
region, where thoracic kyphosis transitions into lumbar 
lordosis, has complex anatomical structures and experi-
ences significant biomechanical stress [1]. These frac-
tures are often associated with severe trauma, including 
falls from heights or traffic accidents [2]. Patients usually 
present with pain at the fracture site and restricted move-
ment. In severe cases, neurological deficits may occur, 
including the loss of motor and sensory function, along 
with bowel and bladder dysfunction [3]. These symptoms 
severely impair the patient’s quality of life, causing long-
term negative effects on psychological well-being.

Currently, the primary surgical treatment for thoraco-
lumbar fractures is pedicle screw fixation [4]. This proce-
dure effectively restores the physiological curvature and 
stability of the spine in the short term. For patients with 
accompanying neurological deficits, laminectomy is com-
monly performed to relieve spinal cord compression [5]. 
Although this surgery significantly improves spinal func-
tion, intervertebral disc injury (IDI) is often overlooked. 
Intervertebral discs are essential for absorbing pressure, 
maintaining spinal stability, and ensuring mobility [6]. 
IDI can compromise spinal biological stability, increasing 
the risk of postoperative kyphosis recurrence and verte-
bral instability [7]. An effective tool for assessing IDI is 
magnetic resonance imaging (MRI), as it detects signal 
changes and morphological abnormalities in the discs, 
providing valuable information for clinical diagnosis 
and treatment [8]. The severity classification system of 
IDI proposed by Sander et al. [9] integrates MRI signal 
changes and morphological alterations, allowing for a 
more accurate assessment of IDI severity. This system is 
widely implemented in clinical practice.

The IDI is a critical factor influencing postoperative 
stability of spine and prognosis in thoracolumbar fracture 
patients. A previous study confirmed that the interverte-
bral disc level is the primary site of correction loss after 
thoracolumbar fracture surgery [10]. Hashimura et al. 
[11] identified severe damage to the disc and endplate as 
a risk factor for correction loss following short-segment 
fixation surgery. For thoracolumbar fractures, posterior 
short-segment pedicle screw fixation is widely adopted 
in surgical practice; however, it has a relatively high fail-
ure rate and a notable incidence of kyphosis recurrence 
[12–14]. Additionally, intervertebral space collapse and 
kyphosis recurrence are common complications fol-
lowing thoracolumbar burst fractures. Despite these 
concerns, research on the prognosis of thoracolumbar 
fracture patients with IDI remains limited, and the clini-
cal significance of IDI and its influence on patient prog-
nosis have not been fully explored.

This research was designed to explore the impact of 
IDI on postoperative spinal stability and identify risk fac-
tors associated with correction loss after posterior pedi-
cle screw internal fixation by evaluating the clinical and 
radiographic differences between thoracolumbar fracture 
patients with and without IDI.

Methods
Baseline data
This single-center, retrospective cohort study involved 
194 patients who received surgical treatment for thora-
columbar fractures via posterior screw fixation between 
August 2019 and May 2024. The research obtained 
ethical clearance from the ethics committee of the First 
Affiliated Hospital with Nanjing Medical University. 
The inclusion criteria were: (1) Age ranging from 18 to 
84 years; (2) vertebral fractures involving the thoracic, 
thoracic-lumbar and lumbar regions; (3) Arbeitsgemein-
schaft für Osteosynthesefragen (AO) classification of 
A2, A3, A4, B2, and C type; (4) treatment with posterior 
screw fixation surgery; (5) availability of postoperative 
computed tomography (CT) imaging follow-up data. The 
exclusion criteria included the following: (1) Osteoporo-
sis (T-score ≤ -2.5) or pathological fractures; (2) severe 
cognitive impairment or psychiatric disorders; (3) post-
operative follow-up of less than six months.

Clinical data
The clinical data involved age, gender, body mass index 
(BMI), length of hospitalization, operating time, blood 
loss, thoracolumbar injury classification and sever-
ity score (TLICS), load sharing classification (LSC), AO 
spine thoracolumbar injury classification system, the 
visual analog scale (VAS; 0–10 scale) for pain assessment, 
and the American Spinal Injury Association (ASIA) clas-
sification for neurological function.

Intervertebral disc evaluation
The classification system of IDI, established by Sander 
et al., categorizes intervertebral disc injuries into four 
grades: Grade 0: No difference compared to adjacent 
normal discs. Grade 1: The injured disc indicates a sig-
nal enhancement in the T2-weighted image. Grade 2: The 
T1-weighted image demonstrates isointense to hyperin-
tense, and the T2-weighted image reveals a reduction in 
signal intensity alongside peri-focal hyperintense. Grade 
3: Disc herniation into the vertebral body or endplate, 
indicating severe injury. The initial evaluation of the disc 
injury was performed using MRI. When disc injuries 
were present bilaterally adjacent to the fracture site, the 
higher-grade injury was used for definitive classification. 
Grade 1 and Grade 2 disc injuries were categorized as 
mild IDI, while Grade 3 injuries were classified as severe 
IDI.
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Radiological evaluation
The assessment was performed via sagittal CT images, 
with measurements taken preoperatively, one week post-
operation, as well as at the last follow-up for both groups. 
The radiological measures involved the vertebral wedge 
angle (VWA), Cobb angle (CA), disc angle, disc height, 
anterior (AVBHr), midline (MVBHr), and posterior ver-
tebral body height ratio (PVBHr), and intervertebral vac-
uum phenomenon (IVP).

CA was defined as the angle formed by the upper end-
plate of the superior vertebra and the lower endplate of 
the inferior vertebra relative to the fractured vertebra. 
The angle between the upper and lower endplates of 
the fractured vertebra was referred to as VWA. The disc 
angle was described as the angle formed between the 
lower endplate of the upper vertebra and the upper end-
plate of the lower vertebra of the affected intervertebral 
disc. If no disc injury was present, or if both the discs 
above and below the fractured vertebra were damaged, 
the average of their angles was calculated. Disc height 

was measured as the mean of anterior, midline, and pos-
terior segment heights. AVBHr was calculated as the per-
centage ratio of the fractured vertebra’s anterior height 
compared to the average anterior heights of the adjacent 
upper and lower vertebrae. Similarly, MVBHr and PVBHr 
were determined using the same calculation method for 
the midline and posterior vertebral body heights (Fig. 1). 
In this study, kyphotic deformity recurrence was defined 
as a CA at the final follow-up that exceeded the CA 
preoperatively.

Surgical procedure and postoperative management
Under general anesthesia, all patients underwent poste-
rior pedicle screw fixation combined with posterolateral 
fusion using allograft bone. Long-segment fixation was 
generally performed for patients with either three-col-
umn injuries or neurological deficits requiring laminec-
tomy, while short-segment stabilization was employed 
for other cases. They were positioned prone with their 
chest and pelvis elevated. A C-arm fluoroscope was used 
to localize the fracture location intraoperatively. An inci-
sion was made along the midline of the back, centered on 
the fractured vertebra, allowing full exposure of the frac-
tured and adjacent vertebrae. The fractured vertebra and 
its adjacent vertebrae, both above and below, were fixed 
with bilateral pedicle screws. Rods were then placed, 
followed by fracture reduction and correction of the 
kyphotic deformity. The screws were then secured with 
caps. In patients with concurrent neurological deficits, 
the laminectomy was performed to relieve spinal cord 
compression. Upon completion of the surgery, the surgi-
cal site was closed in layers after positioning a drainage 
tube. Postoperatively, the drain was removed once the 
output was less than 50 mL, and wearing a brace for three 
months was advised to the patient.

Statistical analysis
For statistical analysis, independent t-tests were used 
for normally distributed continuous variables. Categori-
cal data were analyzed via the chi-square test or Fisher’s 
exact test. Independent risk factors contributing to post-
operative correction loss were identified through logis-
tic regression analysis. Statistical significance was set at 
P < 0.05. Statistical Package for the Social Sciences Sta-
tistics (version 27.0) and R (version 4.4.1) software were 
used for all the statistical analyses.

Results
Baseline information
The study involved 194 thoracolumbar fracture patients: 
137 in the IDI group and 57 in the non-IDI (nIDI) group, 
with 108 males and 86 females. The mean age was 
50.0 ± 13.1 years (18–84 years). Follow-up duration aver-
aged was 12.7 ± 7.0 months. The TLICS and LSC scores 

Fig. 1  Radiological measurement was conducted using median sagit-
tal CT. CA, Cobb angle; VWA, vertebral wedge angle; AVBHr = 2AVH0/
(AVH1 + AVH2) ×100%

 



Page 4 of 11Ge et al. BMC Musculoskeletal Disorders          (2025) 26:507 

averaged 4.7 ± 2.7 and 5.7 ± 1.5. Falling from a height (70 
cases, 36.1%) was the most common injury mechanism, 
followed by falls (53 cases, 27.3%) and traffic accidents 
(34 cases, 17.5%). The most frequently fractured ver-
tebral region was the thoracolumbar junction T11-L1 
(103 cases, 53.1%), with 65 cases of L1 fractures (33.5%). 
According to the AO spine classification system, the 
most frequent type was A3 (72 cases, 37.1%), followed 
by type B2 (63 cases, 32.4%), type A4 (46 cases, 23.7%), 
type A2 (7 cases, 3.6%), and type C (6 cases, 3.1%). 
Among the 137 patients in the IDI group, 109 patients 
exhibited unilateral disc injuries, while 28 had bilateral 
disc injuries, involving a total of 165 intervertebral discs, 
with 78.2% (129/165) of injuries occurring on the cranial 
side and 21.8% (36/165) on the caudal side. According 

to the Sander classification system, 10.9% (18/165) were 
grade 1, 32.7% (54/165) were grade 2, and 56.4% (93/165) 
were grade 3. Regarding endplate involvement, 115 had 
isolated upper endplate injuries, six had isolated lower 
endplate injuries, and 73 had injuries affecting both the 
upper and lower endplates. Decompression surgery was 
performed in 55 patients. During the follow-up period, 
only one patient experienced implant failure and under-
went revision surgery in the IDI group.

Clinical outcomes
The IDI group showed significantly greater TLICS and 
LSC scores than those in the nIDI group (P < 0.05). The 
IDI group exhibited longer hospitalization days, greater 
blood loss and extended operative time relative to the 
nIDI group (Table  1). The average VAS score preopera-
tively decreased from 5.7 ± 1.6 to 2.9 ± 1.1 postoperatively, 
with all patients showing significant improvement in pain 
after surgery. Among the IDI group, 22.6% (31/137) of 
patients exhibited IVP.

The ASIA classification of two groups showed a sig-
nificant difference before surgery (P = 0.009). Postop-
erative neurological recovery outcomes are indicated in 
Table 2. Preoperatively, there were eight ASIA A patients; 
five patients indicated no improvement, and one could 
walk with assistive devices. There were four patients 
in the ASIA B grade, 1 of whom indicated no improve-
ment, while the others exhibited some recovery. Of eight 
patients in the ASIA C grade, six recovered to normal 
walking ability.

Radiological parameters
The average CA improved from 8.4° ± 11.4° preopera-
tively to 3.0° ± 9.9° postoperatively. However, by the final 
follow-up, it had increased to 6.4° ± 9.7°. At the final 
follow-up, the CA in the IDI group was significantly 
larger than that in the nIDI group (7.4° ± 9.9° vs. 4.2° ± 
8.9°, P = 0.035). The mean VWA indicated significant 
improvement postoperatively (11.0° ± 7.2° vs. 5.4° ± 5.6°, 
P < 0.001). However, at the final follow-up, the VWA in 
the IDI group remained larger (7.1° ± 5.9° vs. 5.0° ± 4.0°, 
P = 0.018). Additionally, the disc height in the IDI group 
was significantly lower compared to that of the nIDI 

Table 1  Clinical features and surgical outcomes between the IDI 
and nIDI groups
Characteristic IDI group 

(n = 137)
NIDI group 
(n = 57)

P-
value

Age (year) 50.2 ± 13.5 49.4 ± 12.1 0.699
Gender (male/female) 73/64 35/22 0.380
BMI (kg/m2) 23.9 ± 3.4 23.2 ± 3.1 0.164
Hospitalization days (days) 13.6 ± 8.1 10.8 ± 10.1 0.046
TLICS 5.2 ± 2.8 3.7 ± 2.2 < 0.001
LSC 6.0 ± 1.5 4.8 ± 1.3 < 0.001
Operating time (min) 176.3 ± 63.4 136.2 ± 48.8 < 0.001
Blood loss (mL) 235.2 ± 294.0 114.0 ± 139.2 0.003
Level of fracture 0.503
  T3-T10 10 (7.3) 2 (3.5)
  T11-L1 70 (51.1) 33 (57.9)
  L2-L4 57 (41.6) 22 (38.6)
Fracture type 0.005
  A2 3 (2.2) 4 (7.0)
  A3 43 (31.4) 29 (50.9)
  A4 32 (23.4) 14 (24.6)
  B2 53 (38.7) 10 (17.5)
  C 6 (4.4) 0 (0.0)
Fixation method (long/short) 69/68 11/46 < 0.001
Vacuum phenomenon (yes/
no)

31/106 6/51 0.079

Decompression (yes/no) 48/89 7/50 0.002
IDI Intervertebral disc injury, NIDI Non-intervertebral disc injury, BMI Body mass 
index, TLICS Thoracolumbar injury classification and severity score, LSC Load 
sharing classification.

Table 2  ASIA classification before the operation and the last follow-up between IDI and nIDI groups
Preoperative
(IDI group)

Preoperative
(nIDI group)

ASIA classification A B C D E A B C D E
Last follow-up
  A 4 1
  B 1
  C 2 2
  D 1 2
  E 1 6 24 94 3 53
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group (5.8 ± 1.9 mm vs. 6.5 ± 2.2 mm, P = 0.039). In com-
parison to the nIDI group, the IDI group showed signifi-
cantly lower AVBHr and MVBHr at the final follow-up 
(Table 3). Table 4 demonstrates that correction loss was 
significantly greater in the severe IDI group (4.6° ± 4.3°) 
compared to both the mild IDI (3.2° ± 3.6°) and nIDI 
groups (1.8° ± 3.0°). Representative cases are shown in 
Figs. 2 and 3.

A total of 37 cases of IVP were observed. Table 5 pres-
ents the clinical and radiological differences between 
patients with and without IVP. During the final follow-
up, the IVP group exhibited a notably larger CA com-
pared to the non-IVP group (10.5° ± 8.1° vs. 5.5° ± 9.8°, 
P = 0.005). Moreover, the IVP group showed significantly 
lower disc height and MVBHr than the non-IVP group. 
A characteristic case illustrating the coexistence of inter-
vertebral disc vacuum phenomenon and correction loss 
is presented in Fig. 4.

Logistic regression analysis
Univariate analysis identified seven variables significantly 
linked to the recurrence of kyphotic deformity (P < 0.05). 
Age, BMI, TLICS score, gender, IDI, laminectomy 
decompression, and the fixation segment were analyzed 
using multivariate logistic regression analysis. The find-
ings indicated that age (OR = 1.038, 95% CI = 1.011–1.066, 

Table 3  Comparison of clinical and radiological outcomes between IDI and nIDI groups
Characteristic IDI group(n = 137) NIDI group(n = 57) P-value
VAS
Preoperative 5.9 ± 1.6 5.1 ± 1.5 0.003
Postoperative 3.0 ± 1.0 2.5 ± 1.1 0.004
Last follow-up 0.2 ± 0.5 0.1 ± 0.3 0.555
CA (°)
  Preoperative 8.7 ± 11.4 7.8 ± 11.3 0.634
  Postoperative 3.2 ± 10.2 2.4 ± 9.3 0.577
  Last follow-up 7.4 ± 9.9 4.2 ± 8.9 0.035
VWA (°)
  Preoperative 11.2 ± 7.5 10.6 ± 6.6 0.655
  Postoperative 5.7 ± 6.1 4.5 ± 3.9 0.169
  Last follow-up 7.1 ± 5.9 5.0 ± 4.0 0.018
Intervertebral disc angle (°)
  Preoperative -1.9 ± 3.5 -2.7 ± 2.5 0.134
  Postoperative -2.2 ± 3.3 -2.4 ± 2.6 0.765
  Last follow-up -1.0 ± 3.3 -2.1 ± 2.6 0.026
Intervertebral disc height (mm)
  Preoperative 6.0 ± 2.0 6.8 ± 2.2 0.034
  Postoperative 6.9 ± 2.4 7.2 ± 2.5 0.461
  Last follow-up 5.8 ± 1.9 6.5 ± 2.2 0.039
AVBHr (%)
  Preoperative 72.6 ± 17.5 78.6 ± 12.4 0.019
  Postoperative 90.4 ± 17.0 93.7 ± 7.8 0.156
  Last follow-up 87.9 ± 15.1 92.6 ± 9.7 0.032
MVBHr (%)
  Preoperative 70.4 ± 14.2 79.4 ± 11.0 < 0.001
  Postoperative 80.6 ± 14.9 87.3 ± 7.9 0.002
  Last follow-up 77.6 ± 15.1 85.1 ± 9.2 0.001
PVBHr (%)
  Preoperative 92.3 ± 8.8 94.0 ± 6.6 0.184
  Postoperative 96.1 ± 7.5 97.1 ± 5.2 0.364
  Last follow-up 95.3 ± 7.7 96.3 ± 5.1 0.381
IDI Intervertebral disc injury, NIDI Non-intervertebral disc injury, VAS Visual analog scale, CA Cobb angle, VWA Vertebral wedge angle, AVBHr Anterior vertebral body 
height ratio, MVBHr Midline vertebral body height ratio, PVBHr Posterior vertebral body height ratio

Table 4  The relationship between disc injury severity and 
postoperative correction loss
Characteristic NIDI

(n = 57)
Mild IDI
(n = 49)

Severe IDI (n = 88) P-value

CA(°)
Preoperative 7.8 ± 11.3 7.4 ± 9.4 9.4 ± 12.4 0.557
Postoperative 2.4 ± 9.3 3.2 ± 10.0 3.3 ± 10.4 0.853
Last follow-up 4.2 ± 8.9 6.5 ± 9.0 7.9 ± 10.4 0.076
Correction loss 1.8 ± 3.0 3.2 ± 3.6 4.6 ± 4.3 < 0.001
IDI Intervertebral disc injury, NIDI Non-intervertebral disc injury, CA Cobb angle
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P = 0.005), male gender (odds ratio [OR] = 2.201, 95% con-
fidence interval [CI] = 1.107–4.377, P = 0.025), and inter-
vertebral disc injury (OR = 2.463, 95% CI = 1.105–5.489, 
P = 0.028) were identified as independent risk factors for 
the recurrence of kyphotic deformity (Fig. 5).

Discussion
There is no consensus on the treatment strategies for tho-
racolumbar burst fractures [15]. Conservative manage-
ment, anterior surgery, posterior surgery, and combined 
anterior‒posterior surgery are the current treatment 
options available [16, 17]. While anterior surgery offers 
the advantage of better kyphotic deformity correction, 
it is associated with prolonged operative time and a high 
incidence of complications [18]. In contrast, posterior 
surgery is the preferred clinical approach due to its short 
operative time, reduced blood loss, and ability to restore 

spinal stability in the short term [19, 20]. However, tho-
racolumbar fractures typically involve injury to the ante-
rior column of the spine, leading to disc injury and spinal 
instability. As a result, posterior surgery may increase the 
recurrence of kyphotic deformities in long-term follow-
ups. This study found that patients with IDI had poorer 
postoperative outcomes. The IDI group exhibited greater 
blood loss, longer operative time, larger CA and VWA, 
as well as more severe vertebral collapse and disc height 
reduction at the last follow-up.

At the final follow-up, patients with thoracolumbar 
fractures complicated by IDI exhibited larger CA and 
VWA, with more severe vertebral and disc space col-
lapse. These findings suggest that IDI significantly com-
promises spinal stability. Previous studies have identified 
vertebral destruction and IDI as significant risk factors 
for postoperative correction loss [21, 22]. Müller et al. 

Fig. 2  A 28-year-old male suffered a heavy crush injury resulting in a T12 fracture. A MRI revealed rupture of the posterior longitudinal ligament without 
IDI. B, C CT and X-ray images demonstrated a T12 vertebral fracture involving the pedicles, with severe vertebral wedging and kyphotic deformity. D 
CT scan showed excellent kyphotic deformity correction and satisfactory vertebral height restoration postoperatively. E At the 3-month follow-up, the 
fracture exhibited good healing. F No correction loss was observed at the 18-month follow-up
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[23] confirmed that disc space collapse is a key contribu-
tor to this loss. Xie et al. [24] reported that when injured 
disc tissue herniates into the fractured vertebral end-
plate, it triggers bone resorption around the fracture site, 
increases bone defect volume, and forms a “cavity” within 
the deformed healing connected to the intervertebral 
space. This process severely impairs fracture healing and 
leads to intervertebral height loss, findings that align with 
our study. These complications may result from high-
energy external trauma causing vertebral burst fractures, 
where fracture fragments directly compress, tear, or even 
penetrate the adjacent disc [25]. Structural damage to 
the disc reduces the disc’s elasticity and buffering capac-
ity and leads to the collapse of the intervertebral space. 
This alters the biomechanical relationship between the 
vertebrae, increases the load on the vertebral bodies, and 

reduces spinal stability, ultimately resulting in the recur-
rence of deformity.

Thoracolumbar fractures frequently damage the ver-
tebral endplates, and such fractures are closely linked 
with disc degeneration [26]. Su et al. [27] demonstrated 
that restoring the endplate integrity can significantly 
delay disc degeneration, highlighting the role of end-
plate injury in this process. The blood supply to the disc 
comes from the cartilaginous endplate, which provides 
essential nutrients and oxygen. On the one hand, verte-
bral burst fractures disrupt the microcirculation within 
the endplate, impairing nutrient delivery to the disc, 
reducing the availability of growth factors, accelerating 
cellular aging, and ultimately leading to poor disc heal-
ing and faster degeneration [28]. On the other hand, the 
post-injury changes in the disc microenvironment trigger 

Fig. 3  Female, 57-year-old, a T12 burst fracture. A MRI revealed edema in the posterior longitudinal ligament, with the upper intervertebral disc embed-
ded by the fractured endplates. B CT scan showed a fracture in the T12 vertebral body along with its spinous process. C After surgery, spinal stability 
was successfully restored. D, E During follow-up, the patient developed low back pain after falling; CT scan revealed displacement of the pedicle screws, 
vertebral collapse, and aggravated kyphotic deformity. F After spinal revision surgery, with extension of the fixation segments and vertebral with bone 
cement reinforcement, the kyphotic deformity showed improvement compared to the preoperative condition
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inflammatory responses, cellular apoptosis, and necro-
sis [29]. These factors collectively accelerate disc degen-
eration, contribute to intervertebral space collapse, and 
increase the risk of kyphotic deformity recurrence.

IVP is characterized by gas accumulation within the 
intervertebral disc space and is commonly regarded as a 
radiographic sign of disc degeneration. The incidence of 
IVP is high following traumatic thoracolumbar fractures 
and is considered an indicator of progressive disc degen-
eration after IDI, potentially leading to loss of correction 
[30, 31]. In this study, 83.8% (31/37) of patients with IVP 
had concomitant disc injuries, further supporting the 
notion that disc injury increases the risk of disc degen-
eration. Besides, at the final follow-up, patients with 
IVP exhibited larger CA and lower MVBHr. These find-
ings suggest that more significant correction loss in IVP 
patients and greater midportion collapse in the injured 
vertebra during long-term postoperative follow-up.

This study identified age, male, and IDI as indepen-
dent predictors of postoperative correction loss following 
thoracolumbar fracture surgery. Hou et al. [32] reported 
that risk factors for the recurrence of kyphotic deformity 
after short-segment pedicle screw fixation included male, 
the upper disc injury, and vertebral wedge angle. These 
findings align with those of the present study, which also 
confirmed the impact of IDI on postoperative correction 
loss. One possible explanation for this study’s findings 
is that spinal stability decreases with age. Additionally, 
male patients, who typically have greater body weight 
and are more likely to engage in physically demand-
ing work, experience increased biomechanical stress on 
the spine, thereby increasing the risk of kyphotic defor-
mity recurrence. The findings of this study indicate that 
greater attention should be afforded to the age, gender, 
and IDI in thoracolumbar fracture management. Future 
studies should further investigate the impact of gender 

Table 5  Comparison of clinical and radiological results for IVP and non-IVP groups
Characteristic IVP group (n = 37) Non-IVP group (n = 157) P-value
Age (year) 50.5 ± 15.2 49.9 ± 12.6 0.798
Gender (male/female) 20/17 88/69 0.971
TLICS 5.2 ± 2.8 4.6 ± 2.7 0.302
LSC 5.8 ± 1.4 5.7 ± 1.6 0.735
CA (°)
  Preoperative 11.8 ± 9.4 7.6 ± 11.7 0.046
  One week post-operation 6.0 ± 9.2 2.3 ± 10.0 0.042
  Last follow-up 10.5 ± 8.1 5.5 ± 9.8 0.005
VWA (°)
  Preoperative 12.1 ± 7.3 10.8 ± 7.2 0.325
  One week post-operation 5.7 ± 6.4 5.3 ± 5.4 0.674
  Last follow-up 8.1 ± 6.2 6.1 ± 5.3 0.060
Intervertebral disc angle (°)
  Preoperative -2.3 ± 2.9 -2.1 ± 3.4 0.799
  One week post-operation -1.8 ± 2.7 -2.4 ± 3.2 0.345
  Last follow-up -0.7 ± 2.7 -1.4 ± 3.3 0.205
Intervertebral disc height (mm)
  Preoperative 5.1 ± 1.1 6.5 ± 2.2 < 0.001
  One week post-operation 5.9 ± 1.5 7.3 ± 2.6 0.003
  Last follow-up 5.2 ± 1.2 6.2 ± 2.1 0.007
AVBHr (%)
  Preoperative 70.5 ± 14.6 75.2 ± 16.6 0.111
  One week post-operation 89.8 ± 14.8 91.7 ± 15.0 0.490
  Last follow-up 85.9 ± 16.3 90.1 ± 13.1 0.096
MVBHr (%)
  Preoperative 68.4 ± 12.5 74.1 ± 14.0 0.023
  One week post-operation 77.9 ± 13.2 83.7 ± 13.5 0.019
  Last follow-up 75.2 ± 13.3 80.9 ± 14.0 0.026
PVBHr (%)
  Preoperative 91.8 ± 8.1 93.0 ± 8.3 0.429
  One week post-operation 96.0 ± 7.2 96.4 ± 6.9 0.757
  Last follow-up 95.2 ± 7.8 95.7 ± 6.9 0.724
IVP Intervertebral vacuum phenomenon, TLICS Thoracolumbar injury classification and severity score, LSC Load sharing classification, CA Cobb angle, VWA Vertebral 
wedge angle, AVBHr Anterior vertebral body height ratio, MVBHr Midline vertebral body height ratio, PVBHr Posterior vertebral body height ratio
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differences on surgical decision-making to optimize 
treatment strategies and improve long-term patient 
outcomes.

Traditionally, a TLICS score greater than four has 
been considered an indication for surgery; however, 
its scoring system has limitations in clinical application 
[33]. This study revealed that some patients with tho-
racolumbar fractures accompanied by IDI experienced 
suboptimal outcomes following posterior pedicle screw 
fixation, including inadequate fracture healing and unsat-
isfactory correction of the kyphotic deformity. Some of 
these patients required additional fusion surgery, fur-
ther increasing their physical and psychological burdens. 
Future research should focus on optimizing preoperative 
scoring systems and treatment strategies, emphasizing 
the significance of intervertebral disc injuries to improve 
the prognosis of patients with IDI.

However, several limitations are present in this study. 
First, as a single-center retrospective study, it could bring 
about selection bias, thereby influencing the objectiv-
ity of the outcomes. Second, the relatively short average 
follow-up duration and limited functional assessments 
may not adequately capture the long-term impact of IDI 
on clinical outcomes. Future studies should incorporate 
extended follow-up periods and comprehensive func-
tional assessments to provide more definitive evidence. 
Third, the kyphosis outcomes may be potentially biased 
due to inclusion of lumbar injuries in this study. Further-
more, the heterogeneity in fracture types and differences 
in neurological status among patients could influence 
postoperative stability outcomes. Therefore, future stud-
ies should adopt a more comprehensive design, involve 
multiple centers, and employ a prospective approach to 
enhance the reliability of findings.

Fig. 4  A 32-year-old woman who sustained an L1 fracture due to a traffic accident. A MRI showed IDI adjacent to the fractured vertebral body. B CT scan 
revealed collapse of the anterior and midline fractured vertebral body, along with kyphotic deformity. C, D Postoperative X-ray and CT scan demonstrated 
stable fixation, with correction of kyphosis. E At the 3-month follow-up, the fracture healing was suboptimal, and the IVP was observed at the superior 
intervertebral disc. F One year postoperatively, the IVP continued to progress, with significant loss of kyphotic deformity correction
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Conclusion
This study identifies age, male, and IDI as independent 
risk factors for correction loss of kyphotic deformity 
after thoracolumbar fracture surgery. Traumatic IDI not 
only increases the risk of disc degeneration but also com-
promises spinal stability and functional recovery. For 
patients with thoracolumbar fractures and severe IDI, 
interbody fusion surgery is recommended to enhance 
spinal stability.
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