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Purpose: Adjacent disc degeneration (ADD) is a common postoperative complication after percutaneous kyphoplasty (PKP).
However, risk factors for ADD after PKP have not been reported. This study aimed to determine whether osteoporotic vertebral
compression fracture (OVCF) following PKP is associated with a high risk for ADD and to identify the risk factors for ADD.
Patients and methods: Consecutive patients who underwent PKP at our center between January 2015 and January 2021 were
retrospectively reviewed. The incidence of ADD was calculated and specific subgroups of ADD were identified. Demographic, clinical
baseline, and radiologic data were analyzed using univariate and multivariate analyses to identify the risk factors associated with ADD.
Results: 130 eligible patients were included, and the incidence rate of ADD distinct from primary degeneration was 42.3%. Patients
with OVCFs who underwent PKP had a high risk of developing ADD. The independent risk factors included the presence of
intradiscal cement leakage (ICL; odds ratio [OR] 6.292; 95% confidence interval [CI] 2.588-15.299; P < 0.001) and pre-operative
cranial disc of the injured vertebrae degeneration (Pfirrmann grade >IV; OR 3.575; 95% CI 1.515-8.438; P = 0.004).

Conclusion: Patients with OVCFs who underwent PKP were more likely to develop ADD, and most of the degenerated discs
occurred in the vertebrae above the level of injury. ICL and pre-operative cranial disc of the injured vertebrae degeneration (Pfirrmann
grade >IV) were independent risk factors for developing ADD in these patients.
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Introduction
Osteoporotic vertebral compression fracture (OVCF) is an important cause of disability in the elderly." About one-fifth of
individuals aged >40 years will experience at least one vertebral fracture during their lifetime, and one-third of patients
with compression fracture will suffer long-term pain or even disability.> Conventional treatments of OVCFs include
medications, bed rest, and bracing.* However, previous studies have reported that conservative treatment failed in 35%—
41% of OVCF cases.” Therefore, percutaneous kyphoplasty (PKP), a minimally invasive surgical, is widely used for this
type of fracture because of its rapid pain relief, partial vertebral height restoration, and wedge deformity reversion.
Despite its overall success, our team have reported that 44.2% of OVCEF patients treated with PKP developed adjacent
disc degeneration (ADD) that was distinguished from primary degeneration.® Generally, Primary degeneration of
intervertebral discs are characterized by degradation of the extracellular matrix and a reduction in the number of nucleus
pulposus (NP) cells, and greater than 90% of people over the age of 50 present with degeneration of the intervertebral
disc.”® However, bone cement accelerates this process by blocking the blood supply and increasing the axial stress of the
adjacent disc after PKP.>'® Although disc degeneration does not directly cause symptoms, it can significantly increase the
stress on the endplate of the adjacent vertebrae and have a complex effect on the adjacent vertebrae.'''> Moreover, PKP
increased the risk of new-onset adjacent level fractures."® The risk factors of these conditions include age, low body mass
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index (BMI), low bone mineral density (BMD), cement leakage to the disk space, thoracolumbar junction fracture,
degree of vertebral height restoration, and sagittal imbalance.'*

Currently, the effects of cement augmentation on discs adjacent to the fracture site is controversial. Theoretically,
PKP-induced ADD is associated with thermal damage, mechanical effects, and blockage of the nutritional pathway.'>”
However, some studies found that the disc degeneration after PKP is a natural course rather than a complication of
surgical intervention. In a long-term follow-up study, Konig et al reported that there was no ADD after PKP treatment of
OVCF."® Moreover, in their analysis of vertebral cement augmentation and its effects on sheep spine, Krebs et al showed
that concerns regarding adjacent segment disc degeneration after PKP were unsubstantiated.'” However, several studies
have argued an increased risk of ADD after PKP, with an incidence rate ranging from 34% to 52.6%.""*° Most of these
degenerations occur in the cranial disc.?' Considering the lack of comprehensive studies, the factors that affect ADD after
PKP remain unknown.

Therefore, this study aimed to investigate whether PKP increases the risk of ADD distinct from primary degeneration
and the risk factors associated with ADD.

Method
Study Subjects

Patients who underwent PKP in the orthopedics department of our hospital from January 2015 to January 2021 were selected.
Osteoporosis was diagnosed by measuring the Hounsfield unit (HU) on computed tomography (CT): L1 < 110 HU.**** The
inclusion criteria were as follows: (1) age >55 years; (2) clinical findings and radiographic results confirming the presence of
T5-L5 OVCFs; and (3) treatment with PKP. The exclusion criteria were as follows: (1) patients with a history of spine surgery;
(2) patients with incomplete data or lost data within two years of follow-up; (3) multilevel PKP in initial surgery; and (4) pre-
operative spinal tumor, infection, or deformity. The present study was approved by the institutional ethical review board of our
hospital, and informed consent was waived because of its retrospective nature.

Diagnosis and Measurement of Disc Degeneration

Anteroposterior and lateral X-ray imaging of the spine, three-dimensional CT, and magnetic resonance imaging (MRI)
were conducted. Spinal radiography or CT was performed within three days after PKP. All patients received regular
outpatient follow-up including radiography, CT, and MRI, for at least two years. The occurrence of ADD was confirmed
based on MRI. According to a previously validated protocol, the detailed criteria for post-operative ADD were as
follows: (1) >10% loss of disc height or (2) new-onset Pfirrmann grade > IV (Figure 1).'" Disc height was measured as
the mean distance of the anterior, median, and posterior disc height on mid-sagittal MRI T2-weighted sequences. The

Figure | lllustrative case of a 79-year-old woman who developed ADD after PKP treatment for OVCF. Pre-operative CT (A). T2-weighted sequences showing OVCF
(white arrows) at L1 and the height of the upper disc of L| vertebra was 7.3mm (B). About |2 months after the initial PKP, intradiscal cement leakage (ICL) was observed in
the superior disc (white arrows) on sagittal CT (C). More than 10% decrease of the height of upper disc of LI (6.3mm) was observed on MRI T2-weighted sequences,
whereas progression of degeneration was not detected in the control segments (D).
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degree of disc degeneration was graded according to the grading system proposed by Pfirrmann et al.>* The imaging data
of all patients were measured by two surgeons, and the average value was considered as the final result. Then, the intra-
and inter-reader correlation coefficients (intra-class correlation coefficients [ICCs]) were calculated.

As age increases, the elderly patient may experience primary disc degeneration. To distinguish primary degeneration,
we also recorded the degeneration of the upper and lower discs of the adjacent non-traumatized vertebra (n+2 and n-2) as
control segments. This is based on the assumption that adjacent segments have similar degeneration rates due to similar
biomechanics, However, the biomechanical effects of PKP mainly concentrate on the discs adjacent to the fractured
vertebra (n — 1 and n + 1).'® In this study, patients who developed ADD without control disc degeneration (CDD) were
defined as the ADD group, and the other patients were defined as the control group (Figure 2).

Surgical Methods

The PKP procedure was performed under local anesthesia with the patient in a prone position. The C-arm fluoroscopy
system was used to visualize the anteroposterior image of the spine and to mark the pedicle location of the injured
vertebra. Under the guidance of the fluoroscopy system, the puncture needle and inflatable balloon (Medtronic Sofamor
Danek, Memphis, TN, USA) were introduced through the working channel into the injured vertebral body to create
a cavity. Subsequently, the balloon was deflated and removed. Then, viscous polymethyl methacrylate (Mendec Spine
Cement; Tecres SPA, Verona, Italy) was injected, and X-ray imaging was performed to ensure that there was no bone
cement leakage. Patients remained on bed rest on the day of the procedure. On the following day, they were permitted to
walk with orthotic support. Patients were routinely given anti-osteoporosis medications and non-steroidal anti-
inflammatory drugs after surgery.

Radiological Analysis and Risk Factors for ADD Development

Patients’ perioperative baseline data on ADD risk factors (eg, age, sex, BMI, smoking history, diabetes mellitus, hyperlipidemia,
time of injury before surgery, fracture location, cement volume, and follow-up period) were obtained from their medical records.
In addition, radiologic data (eg, fracture type, fracture severity, presence of endplate cortical disruption, intravertebral cleft [IVC],
intradiscal cement leakage [ICL], and BMD) were collected. Fracture types (wedge, biconcave, and crush) and fracture severity

n+2

Figure 2 T2-weighted MR image of the sagittal plane. n — |, upper disc of the fractured vertebra; n + |, lower disc of the fractured vertebra; n — 2, upper disc of the cranial
non-traumatized vertebra; n + 2, lower disc of the caudal non-traumatized vertebra.
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(mild, <25% reduction in vertebral height; moderate,25%-40% reduction in vertebral height; and severe, > 40% reduction in
vertebral height) were classified according to the guidelines of Genant et al.*> The preoperative disc height in the risk factor
analysis was calculated as the average height of the superior, median, and inferior disc heights (Figure 3A). The vertebral wedge
angle was evaluated using lateral radiographs and defined as the angle between the superior and inferior endplates of the fractured
vertebra. The segmental kyphotic angle was defined as the angle between the inferior endplate of the superior vertebra and the
superior endplate of the inferior vertebra (Figure 3B). Endplate cortical disruption was defined as evident discontinuation of
cortical hypointensity at the endplates and/or wall of the vertebral body on pre-operative sagittal CT and MRI (Figure 3C and
D).%® IVC was defined as a well-demarcated, linear, or cystic hyperintensity similar to air on T1-weighted images and/or
hyperintensity similar to cerebrospinal fluid on fat-saturated T2-weighted images (Figure 3E-G).?” ICL occurrence was assessed
on post-operative CT of the treated area (Figure 3H). Furthermore, the pre-procedural BMD of all spinal levels was reviewed
using the T-score, measured by dual-energy X-ray absorptiometry (GE Healthcare-LUNAR, Madison, WI, USA).

Statistical Analysis

All statistical analyses were performed using SPSS 25.0 (IBM, Armonk, NY, USA) software. Data are expressed as mean
+ standard deviation or median (interquartile range), whereas count data are expressed as the number of cases and
percentage. ICC was used to examine measurement reliability. The paired ¢ test and McNemar—Bowker test were used to
compare the pre-operative and post-operative results of each group. Univariate analyses including Student’s ¢ test, Mann—

Figure 3 Radiographic measurement of OVCFs. Points a and c represent the anteroinferior and posteroinferior margins of the superior vertebra, respectively. Points b and
d represent the margins of the inferior vertebra. Meanwhile, points e and f are intersections of the extension lines of the midpoints of lines ac and bd to the superior
vertebra (inferior endplate) and inferior vertebra (superior endplate), respectively (A). The segmental kyphotic (o) and vertebral wedge angles (B) were measured on the
lateral radiograph (B). Endplate cortical disruption was indicated by white arrows in the pre-operative sagittal CT (C) and T2-weighted images (D). The white arrows
indicate intravertebral cleft (IVC) identified by a gas-like density shown on pre-operative CT (E), hypointensity shown on pre-operative T |-weighted MR sequences (F), and
hyperintensity shown on T2 short-tau inversion recovery MR images (G). Intradiscal leakage was indicated by white arrows in the post-operative radiographs (H).
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Whitney U-test and chi-square test or Fisher’s exact test were performed to screen the potential risk factors for ADD.
Variables with P < 0.05 in the univariate analyses were further included in the logistic regression models. Multivariate
logistic regression was used to analyze the factors affecting ADD in patients with OVCEF. Statistical significance was
considered at P < 0.05.

Results

General Characteristics of Patients

One hundred and thirty patients, including 21 males and 109 females, with mean age of 72.59 + 9.58 years, were
included in this study. The mean BMI was 24.24 + 4.64 kg/m”. In terms of fractures location, 10 (7.7%) fractures
occurred in the thoracic vertebrae (T1-T9), 98 (75.4%) in the thoracolumbar vertebrae (T10-L2), and 22 (16.9%) in the
lower lumbar vertebrae (L3-L5). The mean time of injury before surgery was seven days. The average follow-up period
was 38.27 = 13.87 months, and the overall incidence of ADD was 75.6%. After considering primary degeneration, the
incidence of ADD was adjusted to 42.3% (Table 1). Inter- and intra-reader reproducibility were achieved, with intra-
reader and inter-observer ICCs ranging from 0.874 to 0.906 and from 0.823 to 0.891, respectively.

Progressions of ADD

Pre-operative adjacent disc height and Pfirrmann grade developed significantly during the follow-up period (P <0.05).
However, no apparent progression (P < 0.05) of CDD (n + 2, n — 2) was observed, except for the decreased signal of
post-operative n + 2 disc (P = 0.015). According to our criteria, a higher proportion (99/130) of cranial disc degeneration
appeared in MRI scan than in caudal disc (Table 2).

Risk Factor Analysis

In the univariate analysis of demographic and baseline clinical data (Table 3), no statistically significant differences were
observed between the two groups. However, among the radiological variables (Table 4), the presence of endplate cortical
disruption, IVC, ICL, and higher pre-operative Pfirrmann grade of the n — 1 intervertebral disc differed significantly
between the groups. The variable assignment of multivariate logistic regression is presented in Table 4. The presence of
ICL and pre-operative disc degeneration (Pfirrmann grade of n — 1 disc >IV) were independent risk factors of ADD in
patients with OVCF (Table 5).

Table | Patients’ Information

Items Mean * SD or N (%)
Number of patients, n 130
Age, years 72.59 + 9.58
Sex (female), n (%) 109 (83.8%)
BMI, kg/m? 2424 + 4.64
Fracture location, n (%)
Thoracic (upper than T10) 10 (7.7%)
Thoracolumbar (T10 — L2) 98 (75.4%)
Lumbar (lower than L2) 22 (16.9%)
Time of injury before surgery, days* 7 (2-17)
Follow-up period, months 38.27 + 13.87
Overall ADD (containing CDD), n (%) | 91 (70.0%)
ADD, n (%) 55 (42.3%)

Notes: *Results are given as the median (interquartile range).
Abbreviations: SD, standard deviation; BMI, body mass index; ADD, adjacent
disc degeneration; CDD, control disc degeneration.
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Table 2 Overall Progression of Disc Degenerations After PKP

Disc Degeneration Radiographic Parameters(N=130)
Baseline Follow-Up P

Disc height (n — 1), mm 6.76 £ 1.96 | 6.03 +1.94 | <0.001
Disc height (n + 1), mm 7.60 £2.09 | 7.14 £2.05 | <0.001
Pfirrmann grade 2IV (n — 1), n (%)* | 6l (46.2%) 99 (76.2%) | <0.001
Pfirrmann grade 2IV (n + 1), n (%)* | 64 (49.2%) 83 (63.8%) 0.003
Disc height (n — 2), mm 625+ 181 | 6.17 £ 1.73 0.135
Disc height (n + 2), mm 8.13+223 | 803 +213 0.094
Pfirrmann grade 2IV (n — 2), n (%)* | 46 (35.4%) 60 (46.2%) 0.015
Pfirrmann grade 2IV (n + 2), n (%)* | 40 (30.8%) 48 (36.9%) 0.109
New fracture (n — |, n + 1), n (%) 26 (20.0%)
New fracture (n — 2, n + 2), n (%) 10 (7.6%)

Notes: Data are presented as mean *+ SD. Bold values indicate statistical significance (P <

0.05). *P values were calculated using the McNemar—Bowker test.

Table 3 Univariate Analysis of Demographic and Baseline Clinical Data for ADD

Items ADD Group (n=55) | Control Group (n=75) | P

Age, years 71.93 £9.82 73.07 £ 9.43 0.505

Gender (female) 46 (83.6%) 63 (84.0%) 0.956

BMI (kg/m?2) 24.99 + 4.65 23.70 + 459 0.116

Hypertension, n (%) 29 (52.7%) 36 (48.0%) 0.594

Diabetes mellitus, n (%) 12 (21.8%) 17 (22.7%) 0.909

Smokers, n (%) 11 (20.0%) 13 (17.3%) 0.145

BMD, T-score -34+07 -32+09 0.793

Time of injury before surgery (days)* | 8.5 (3—14) 6 (1-14) 0.146

Duration of surgery (min) 49.49 £ 13.39 48.87 £ 11.32 0.774

CV, mL 3.5 (3.54.5) 3.5 (3.04.5) 0.981

Surgical level, n (%) 0513

Thoracic (upper than T10) 5 (9.1%) 5 (6.7%)
Thoracolumbar (T10 — L2) 43 (78.2%) 55 (73.3%)
Lumbar (lower than L2) 7 (12.7%) 15 (20.0%)

Follow-up period, months 38.67 = 13.94 37.66 = 12.99 0.637
Notes: *P values were calculated using the Mann—Whitney U-test and the results are presented as the median
(interquartile range).

Abbreviations: ADD, adjacent disc degeneration; BMI, body mass index; BMD, bone mineral density; CV, cement
volume.
Table 4 Univariate Analysis of Radiological Variables for ADD
Items ADD Group (n=55) | Control Group (n=75) | P
Fracture type, n (%) 0.087
Wedge deformity 19 (34.5%) 18 (24.0%)
Biconcave deformity 34 (61.8%) 57 (76.0%)
Crush deformity 2 (3.6%) 0 (0)
Fracture severity, n (%) 0417
Mild deformity 18 (32.7%) 25 (33.3%)
Moderate deformity 25 (45.5%) 40 (53.3%)
Severe deformity 12 (21.8%) 10 (13.3%)
(Continued)
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Table 4 (Continued).

Items ADD Group (n=55) | Control Group (n=75) | P
Pre-op Pfirrmann grade 2IV (n — 1), n (%) | 34 (61.8%) 27 (36.0%) 0.004
Pre-op Pfirrmann grade 2IV (n + 1), n (%) | 26 (40.6%) 38 (59.4%) 0.702
Pre-op DH (n — 1), mm 6.65 + 1.99 6.84 + 1.93 0.589
Pre-op DH (n + 1), mm 748 + 1.94 7.69 + 221 0.551
Pre-op SKA 14.84 + 12.83 1295 + 11.34 0.376
Pre-op VWA 12.86 + 7.68 10.56 + 5.89 0.067
Presence of IVC, n (%) 31 (56.4%) 28 (37.3%) 0.031
Endplate cortical disruption, n (%) 34 (61.8%) 31 (41.3%) 0.027
Presence of ICL, n (%) 29 (52.7%) 15 (20.0%) <0.001

Note: Bold values indicate statistical significance (P < 0.05).
Abbreviations: ADD, adjacent disc degeneration; IVC, intravertebral cleft; ICL, intradiscal cement leakage; SKA, segmental
kyphotic angle; VWA, vertebral wedge angle.

Table 5 Multivariate Logistic Analysis for ADD

Presumed Risk Factors OR 95% CI P
Presence of IVC 1.958 | 0.906—4.230 0.087
Pre-op Pfirrmann grade 2IV (n— 1) | 3.575 | 1.515-8.438 0.004
Presence of ICL 6.292 | 2.588-15.299 | <0.001
Endplate cortical disruption 1.886 | 0.862—4.129 0.240

Note: Bold values indicate statistical significance (P < 0.05).
Abbreviations: OR, odds ratio; Cl, confidence interval; IVC, intravertebral cleft; ICL,
intradiscal cement leakage.

Occurrence of Fractures

The influence of ADD on the prognosis of patients who underwent PKP was further analyzed. The results showed that 58
(44.6%) patients developed new vertebral fractures during the follow-up period: 26 (20.0%) patients with adjacent
segment fractures (ASFs), 10 (7.7%) patients with control segment fractures (CSFs), and 22 (16.9%) patients with other
segment fractures. In the ADD group, 21(38.2%) patients experienced ASF after developing ADD, whereas only four
(7.3%) patients experienced CSF. The number of patients experiencing ASF is greater than that of patients experiencing
CSF. Compared with the control group, the ADD group was more likely to progress to ASF (P=0.017, Figure 4).

Number of new vertebral fractures

251
P=0.017
L] a
20- Bl ASF
CSF
154
104
54
0 = T T
ADD Group Control Group
Figure 4 Histogram showing the number of ASFs and CSFs in the ADD and control groups.
Abbreviations: ADD, adjacent disc degeneration; ASF, adjacent segment fracture; CSF, control segment fracture.
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Discussion

Although ADD after PKP has been described in previous studies, to the best of our knowledge, the present study is the
first to determine whether such individuals have a higher risk of developing ADD and to identify its risk factors.®'"**
This study revealed that the incidence of ADD was 42.3%, and most of these degenerations occurred in the cranial disc.
Pre-operative disc height and disc signal developed significantly in patients who underwent PKP with OVCFs. The
presence of ICL and pre-operative disc degeneration (Pfirrmann grade of n — 1 disc >IV) were the most important
independent risk factors for ADD.

Consistent with literature, our study revealed that disc degeneration may have a negative impact on the prognosis of
patients after PKP. Although several studies have shown no direct correlation between ADD and pain symptoms of
patients, the present study found that patients with ADD had a higher incidence of ASF compared to those without.''°
There are two main reasons for this finding. First, disc degeneration reduces its ability to absorb mechanical stress.
Second, decreased disc height can lead to increased kyphosis, resulting in stress concentration.”” When an axial load is
applied to the spine, the NP generates hydrostatic pressure, which radiates the load to the annulus fibrosus to counteract
the compressive load on the center of the endplate. However, intervertebral disc degeneration will significantly increase
the stress on the endplate of the adjacent vertebral body, which can lead to fractures.*'? Therefore, it is important to
explore whether PKP increases the risk of developing ADD in patients with OVCFs.

In the present study, 42.3% of adjacent intervertebral discs experienced degeneration distinct from the primary
process after PKP treatment of OVCFs. Consistent with our results, Wu et al concluded that cementing procedures
accelerated disc degeneration adjacent to the fractured vertebra based on a modified Pfirrmann grading system.*® Despite
disc degeneration being observed in the final images, their study did not observe a reduction in disc height, which may be
related to the different measurement of intervertebral disc height and shorter follow-up time. However, some scholars
believe that PKP has no effect on ADD. Noriega et al conducted MR diffusion-weighted imaging on patients receiving
PVP for OVCEF; they found that PVP could prevent disc degeneration and that bone cement did not affect vertebral blood
supply.’! However, we believe that PKP had adverse effects on adjacent discs. According to a previous study, bone
cement can damage adjacent discs and high temperatures during the formation of exothermic cement can accelerate their
degeneration.’® Animal models demonstrated that the inhibition of each endplate pathway with cement injection may
block the nutritional route of the endplate and that severe inhibition of the nutritional pathway of the endplate may result
in intervertebral disc degeneration.’® Additionally, a finite element study found that rigid cement augmentation resulted
in elevated pressure in the NP.** Recently, another study revealed that bone cement can induce disc degeneration by
downregulating connective tissue growth factor through the Hippo/YAP pathway.”> Given these findings, ADD may be
attributed to the combined effects of biomechanical and metabolic factors associated with PKP.

We first found that pre-operative disc degeneration (Pfirrmann grade of n — 1 disc >IV) is a risk factor for post-
operative ADD, and many previous literatures supported this conclusion. In their retrospective study, Wang et al found
that decreased of pre-operative disc height increases the risk of developing radiographic adjacent segment degeneration,
with disc degeneration being the most common type.® Furthermore, Kim et al reported that pre-existing disc degeneration
increases the risk of radiologic adjacent segment degeneration after lumbar fusion.* A finite element study also showed
that the presence of ADD before surgery increases adjacent segment motions, leading to adjacent segment disc disease.’”
The degeneration of the intervertebral disc, an important structure connecting the fractured and adjacent vertebra, is
closely related to the creep deformation of the fractured and adjacent vertebra, new fractures, and aggravation of segment
kyphosis, which can lead to further disc degeneration.**-°

In the present study, most degenerated discs occurred above the injured vertebrae. We believe that this is because the
upper endplate is relatively fragile and endplate cortical disruption and ICL mostly occur in cranial discs. ICL is a crucial
trigger for ADD.*® The main reasons are as follows: First, ICL can directly harm regular disc structures, resulting
increased intradiscal pressure.*' Second, the direct interaction of cement with the internal environment of the inter-
vertebral disc triggers various biochemical responses in disc cells, including apoptosis induction and proliferation
inhibition.** Consistent with our results, Wu et al and Shen et al found that the quantity of cement leaking into the
disc space is positively correlated with the progression rate of disc degeneration.”®** Therefore, surgeons should reduce
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the risk of ICL by estimating of a suitable threshold of injected cement meticulously expanding the balloon and filling
with cement, and performing detailed intraoperative fluoroscopy to further lower the risk of ADD.*

This study has several limitations. First, it is a retrospective in nature and was conducted in a single center, which
may have led to selection bias. Further validation with prospective multicenter studies is required. Second, we did not
investigate ADD combined with clinical symptoms because most patients had no obvious clinical symptoms. Therefore,
we could not draw a clear relationship between radiographic and clinical ADD in patients with OVCFs treated with PKP.
Third, the evaluation of primary disc degeneration was based on the assumption that the control discs (n + 2 and n - 2)
were less affected by PKP, since single-level intervention did not alter the range of motion of the index spinal unit.
Although our results showed that pre-operative degeneration progressed more in adjacent discs than in control discs,
these findings still need to be verified by further studies.

Conclusion

Patients with OVCFs who undergo PKP are more likely to develop ADD, and its progression is distinct from primary
degeneration. Furthermore, ICL and pre-operative disc degeneration (Pfirrmann grade of n — 1 disc >IV) are independent
risk factors for ADD. Prospective multicenter studies are needed to further validate our findings.
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