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Background: Recurrent of local kyphosis after percutaneous kyphoplasty (PKP) is rarely reported and discussed. Literatures reported
that re-kyphosis is usually a consequence of refractures of augmented or adjacent vertebra. However, whether re-kyphosis should be
considered as a complication of refractures and has an impact on clinical efficacy of PKP during follow-up time is unknown. The
purpose of this study is to evaluate the related risk factors and clinical significance of the recurrent of local kyphosis in osteoporotic
vertebral fracture (OVF) patients without refractures.

Patients and Methods: A total of 143 patients who underwent single-level PKP were recruited and assigned into the re-kyphosis
group and non-re-kyphosis group. Clinical and radiographic data were collected and compared between the two groups. Then,
multivariate logistic regression analyses were conducted to identify the related risk factors.

Results: During follow-up, 16 of the 143 patients presented postoperative re-kyphosis. The average local kyphosis angle increased
from 11.8148.60° postoperatively to 25.13+£8.91° at the final follow-up which showed a statistically significant difference (p<0.05).
Both groups had significant improvements in postoperative visual analogue scale (VAS) and Oswestry Disability Index (ODI) scores
compared to their preoperative values (p<0.05). However, in the re-kyphosis group at final follow-up, the VAS and ODI scores showed
worsening compared to the postoperative scores. Logistic regression analysis showed that disc—endplate complex injury (OR=17.46,
p=0.003); local kyphosis angle correction (OR=1.84, p<0.001); and vertebral height restoration (OR=1.15, p=0.003) were risk factors
for re-kyphosis.

Conclusion: Re-kyphosis is not rare in patients with osteoporotic vertebral fracture and tends to have an inferior prognosis following
PKP surgery. Patients with disc—endplate complex injury and more correction of vertebral height and kyphosis angle are at a higher
risk for re-kyphosis after PKP surgery than others.
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Introduction
Osteoporotic vertebral fracture (OVF) is a common disease in older persons, and it is an important medical problem due
to the increasing aging population worldwide. Percutaneous kyphoplasty (PKP), one of the vertebral augmentation
techniques, has been shown to relieve back pain, restore vertebral height, and correct the kyphotic deformity.'~*

As the number of patients undergoing PKP increases, an increasing number of researchers and orthopedic practi-
tioners have started to focus on surgery-related complications, among which postoperative refracture (also known as
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subsequent vertebral fracture) is considered the most common complication.” > However, the commonly neglected
postoperative re-kyphosis has long been regarded as imaging findings of postoperative refracture.

Studies have reported that spinal local kyphosis has significant negative effects on patients’ daily life, resulting in
persistent back pain, a higher incidence of adjacent vertebral fractures, decreased lung function, and increased mortality.®”
In our clinical practice, we found that although several patients with OVF developed recurrent local kyphosis after PKP
surgery during the follow-up period, no refractures of augmented or adjacent vertebrae were detected. This suggests the
existence of other factors leading to re-kyphosis; that is, apart from refractures, there may be other unknown risk factors
related to re-kyphosis. Therefore, it should be clarified whether re-kyphosis has an impact on the clinical efficacy of PKP.
This study aimed to identify the related risk factors and evaluate the clinical significance of re-kyphosis after PKP surgery.

Materials and Methods

Patient Selection

The inclusion criteria of this study were as follows: (1) single-level bone marrow edema within vertebral body on fat-
suppressed sequences and (2) patients suffered from severe back pain caused by mild-to-moderate injury, and the
symptoms could not be relieved by conservative treatment for at least 1 week. The exclusion criteria were as follows:
(1) non-osteoporotic vertebral fracture, including fractures secondary to malignancy or infection; (2) patients with
neurologic deficit and needing decompression surgery; (3) patients with spinal surgery history; and (4) refractures of
augmented vertebrae or new vertebrae fractures during the follow-up period.

According to the inclusion and exclusion criteria, 143 patients who underwent PKP surgery during December 2019
and January 2021 were included. The local kyphosis angle (LKA) change was calculated as the difference between the
first postoperative day and the final follow-up. The occurrence of re-kyphosis was defined as more than 10° aggravation
in LKA change.® "' According to this criterion, the included patients were divided into a re-kyphosis group and a non-re-
kyphosis group. The location of the fractured vertebrae was classified into the non-thoracolumbar zone (T5-T10 and L3-
L5) and thoracolumbar zone (T11-L2).

Surgical Procedure

Patients were placed in the prone position under general anesthesia. Two puncture needles were used to access the
fractured vertebral body and establish the working channels. Then, inflatable balloon tamps were placed into the
fractured vertebral body to reduce the fracture and correct the local kyphosis. Next, polymethylmethacrylate (PMMA)
cement was injected under fluoroscopic guidance, and the total volume of injected cement was recorded. After PKP
surgery, calcium, vitamin D3, and bisphosphonates were routinely prescribed for all included patients. Radiological and
clinical evaluation were performed preoperatively, on the first postoperative day, and at the final follow-up visit.

Radiological Evaluations
Radiological assessments were independently performed by two senior radiologists through the picture archiving and
communication system (PACS).

The LKA was determined by measuring the angle between the superior endplate of the vertebra above the fractured
vertebra and the inferior endplate of the vertebrae below the fractured vertebra.'? Vertebral height was measured in lateral
radiographs according to the method described by a previous study.” Vertebral height was calculated as follows:
(fractured vertebral height/normal height) x 100%.

LKA correction (LKAC) and vertebral height restoration (VHR) were acquired by calculating the difference between
the preoperative LKA and the first postoperative day LKA. The vertebral body wedge angle was measured according to
the method described in a previous study.'® The height of the anterior, middle, and posterior intervertebral disc space was
measured by a method previously described.'*

The shape of the fractured vertebrae on radiographs was observed to determine the fracture type, which was divided
into two types: wedge fracture and non-wedge (biconcave or crush) fracture.'> The cement distribution pattern was
evaluated on postoperative radiographs as follows: (1) solid lump patterns, and (2) comparatively diffused pattern.'®
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According to previous literature, disc—endplate complex injury (EDCI) was identified by the presence of endplate edema
or fluid collection, cortical discontinuity, or angulation injury, and the presence of disk edema, morphologic alteration,
annular tears, or herniation into the endplate.'” If contact was observed between the PMMA bone cement and either the
superior or inferior endplate, then PMMA endplate contact (PEC) was recorded; otherwise, non-PMMA endplate contact
(NPEC) was recorded.

Clinical Evaluations

Clinical evaluation was performed preoperatively, 1 day postoperatively, and at the final follow-up visit. The assessments
included visual analogue scale (VAS) and Oswestry Disability Index (ODI). The VAS score used a scoring system
ranging from 0 to 10 and was mounted on a card, with 0 indicating no pain and 10 indicating the maximum pain. The
ODI score consists of nine sections of questions (sexual function was excluded) and is used to assess limitations of
various daily activities; the ODI score ranges from 0 to 90, with a higher score reflecting greater disability.

Statistical Analysis

SPSS 26.0 software (IBM Corporation, Armonk, NY, USA) was used for analysis. Continuous variables, between groups
or within the same group at different time points, were compared using #-test or Mann—Whitney U-test. Categorical
variables were assessed using chi-square test. Univariate and multivariate logistic regression analysis were performed to
identify related risk factors. p<<0.05 was considered to indicate statistically significant differences.

Results

Overall, 143 patients (28 men and 115 women) were included in this study. Sixteen of the 143 patients developed re-
kyphosis during follow-up and were classified as the re-kyphosis group (3 men and 13 women, mean age: 69.06+7.79
years). The remaining 127 patients were assigned into the non-re-kyphosis group (25 men and 102 women, mean age:
66.17+8.25 years). The demographic data of all 143 included patients are summarized and presented in Table 1.

Table | Characteristics of the Included Patients

Non-Re-kyphosis Group | Re-kyphosis Group p value
Age (years) 66.17+8.25 69.06+7.79 0.12
Sex (female) 102 (80.31%) 13 (81.25%) 1.000
BMD (t-score) —2.87+0.29 —2.92+0.30 0.50
BMI (kg/m?) 26.06+3.07 25.40+3.27 0.42
Hypertension,Y/N 28/99 2/14 0.58
Diabetes, Y/N 15/112 1715 0.8l
Smoking, Y/N 11/116 0/16 0.47
Alcohol consumption, Y/N 12/115 2/14 1.00
Administration of glucocorticoids, Y/N 14/113 2/14 1.00
Follow-up time (months) 18.39+3.64 17.94+£4.95 0.59
Fracture level
T5-T10, L3-L5 26 0
TI-L2 101 16 0.10
Fracture type, wedge fracture Y/N 60/67 6/10 0.46
Disc—endplate complex injury Y/N 29/98 8/8 0.02%*
Total cement volume (mL) 5.63+0.61 5.56+0.51 0.81
Cement distribution pattern, solid lump pattern/diffused pattern 20/107 8/8 0.004*
NPEC/PEC 50/77 12/4 0.007*
Vertebral compression rate (%) 68.84+13.69 64.11£12.37 0.19
Vertebral height restoration (%) 13.70+6.82 26.34%11.00 <0.001*
Local kyphosis angle correction (°) 5.01+2.03 9.75+4.00 <0.001*

Note: *Statistical significance was defined as p<0.05.
Abbreviations: BMD, bone mineral density; BMI, body mass index; PEC, PMMA endplate contact; NPEC, non-PMMA endplate contact.
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In the re-kyphosis group, the LKA significantly decreased from 19.44+9.79° preoperatively to 11.81+8.60° on the
first postoperative day; however, it significantly increased to 25.13+£8.91° at the final follow-up visit, which was
statistically significant in terms of exacerbation when compared to the LKA of the first postoperative day (Figure 1).
In the non-re-kyphosis group, the LKA showed no significant difference between the first postoperative day and the final
follow-up (10.12+7.24° vs 11.56+7.18°, p>0.05). The vertebral wedge angles in both groups were significantly decreased
postoperatively, and the improvement was maintained until the final follow-up (Figure 1). In the re-kyphosis group, the
anterior and middle disc heights significantly decreased at the final follow-up compared to the first postoperative day, but
these values did not significantly decrease at the final follow-up in the non-re-kyphosis group. Posterior disc height
showed no statistically significant difference at any follow-up time point between the two groups (Figure 1). These
results indicated that along with the aggravation of local kyphosis, the disc height collapsed while the vertebral height
was maintained at the final follow-up in the re-kyphosis group. Images of the typical case in the re-kyphosis group are
shown in Figure 2.

The changes in VAS and ODI scores were consistent with the changes of local kyphosis angle (Figure 1). In both the
re-kyphosis and non-re-kyphosis groups, the postoperative VAS and ODI scores improved significantly compared to the
preoperative scores, indicating that PKP could relieve symptoms and improve daily activity function. However, at the
final follow-up in the re-kyphosis group, the VAS and ODI scores worsened compared to the scores of the first
postoperative day (p<0.05).

The cement distribution pattern (p=0.004), EDCI (p=0.02), NPEC (p=0.007), VHR (p<0.001), and LKAC (p<0.001)
showed statistically significant differences between the two groups (Table 1). Increased solid lump pattern (8/16, 50% vs
20/127, 15.75%), EDCI (8/16, 50% vs 29/127, 22.83%), VHR (26.34+11.00% vs 13.70+£6.82%), LKAC (9.75+£4.00° vs
5.01+2.03°), and NPEC (12/16, 75.00% vs 50/127, 9.37%) were detected in the re-kyphosis group than the non-re-
kyphosis group.
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Figure | Variation trends of radiographic and clinical indices in both the re-kyphosis and non-re-kyphosis group. Line graphs showing the changes in local kyphosis angle
(LKA) (a), vertebral wedge angle (b), anterior intervertebral disc height (c), middle intervertebral disc height (d), posterior intervertebral disc height (e), visual analogue
scale (VAS) scores (f) and Oswestry Disability Index (ODI) scores (g) of the two groups at three different time points.
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Figure 2 Typical case in the re-kyphosis group. A 67-year-old male patient complained of back pain for 10 days. T|-weighted (a), T2 -weighted (b) and fat-suppressed (c)
MRI images showed bone marrow edema signal and disc—endplate complex injury of LI vertebra(red arrow). Preoperative lateral X-ray image (d) showed multiple
degenerative changes of lumbar spine. Lateral X-ray image | day after surgery (e) showed the vertebral height was restored and local kyphotic angle was corrected. Lateral

X-ray image at the last follow-up (f) showed the occurrence of re-kyphosis.

The above-mentioned factors were selected into the final multivariate regression analysis model (Table 2). The results
showed that the EDCI (OR=17.46, p=0.003), LKAC (OR=1.84, p<0.001), and VHR (OR=1.15, p=0.003) were positively

associated with the recurrence of re-kyphosis after PKP.

Table 2 Multivariate Logistic Regression Analysis

Variable B Wald p value OR (95% CI)
Disc—endplate complex injury 2.86 8.63 0.003 17.46 (2.59-117.69)
Vertebral height restoration (%) 0.14 8.58 0.003 I.15 (1.05-1.26)
Local kyphosis angle correction (°) 0.61 13.29 <0.001 1.84 (1.33-2.55)
Note: B, partial regression coefficient.
Abbreviations: Cl, confidence interval; OR, odds ratio.
Clinical Interventions in Aging 2023:18 https: 831
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Discussion

In aging societies, osteoporosis is considered a growing medical and social problem, affecting approximately 30% of the
post-menopausal women according to a previous report.'® PKP was considered an appropriate approach for managing
OVF, which led to immediate pain relief and stable recovery of fractured vertebrae. With the increasing number of cases,
researchers have begun paying more attention to refractures of augmented vertebrae or adjacent new fractures after PKP,
which can lead to recurrent refractory pain, compromise patients’ quality of life, and even increase mortality risk.

Studies have demonstrated that spinal kyphosis leads to persistent back pain, decreased lung function, and increased
mortality. A crucial advantage of kyphoplasty is the superior efficacy of local kyphosis correction by expandable balloon
or posture reduction. However, aggravation of kyphosis after kyphoplasty was observed in several OVF patients, which
has rarely been discussed in the literature. The researchers tended to associate re-kyphosis with the refracture of
augmented or adjacent segments.'® ' Ha et al reported the presence of thick fibrous tissue around the cement after
PKP and considered peri-cement bone resorption as one of the main causes of re-kyphosis after PKP. They believed that
the peri-cement bone resorption could cause refracture of the augmented vertebral body, thereby causing re-kyphosis.?*
Yang et al reported that the diffusion pattern of bone cement was also regarded as one of the risk factors for
recompression of augmented vertebrae, which can lead to local re-kyphosis. Furthermore, the distribution pattern of
bone cement could be divided into solid lump pattern and diffused pattern; the solid lump pattern of bone cement
indicated no or rare cement spiculation into bone trabeculae, while the hard lump cement could cause compression in the
peri-cement bones.*

The endplate-disc complex (EDC) is located between two adjacent vertebral bodies. Recent literature reported that the
EDC plays an important role in maintaining the stability of the spine and transferring the axial load.*** Injury to the
EDC can be easily neglected. Ortiz et al reported that EDCI is often accompanied by OVF in elderly patients; however,
most surgeons tend to pay more attention to OVF and neglect EDC.'” The results of our logistic regression analysis
showed that EDCI is one of the most important risk factors for re-kyphosis after PKP. A possible explanation is that
injury to the EDC may directly accelerate the degenerative process of the intervertebral disc and narrow the intervertebral
space, which could be a critical factor to increase local kyphosis. Another possible reason may be the nutrition supply of
the intervertebral disc, which mainly relies on the micropore channels located on the endplate. Hence, injury to the
endplate may decrease the number of channels and lead to metabolic dysfunction of the disc.?® Furthermore, the cement
augmentation reduce the deformation of augmented endplate, increasing the pressure of adjacent intervertebral disc and
ultimately resulting in disc degeneration, which may also be related to recurrent local kyphosis.

Vertebral body restoration and LKAC were also identified as risk factors related to re-kyphosis after PKP. Increased
restoration of the vertebral height and LKA may decrease the density of the local bony trabeculae within the augmented
vertebrae and lead to recompression susceptibility of local bone trabeculae in non-cement augmented areas.”’” However,
in the re-kyphosis group, the augmented vertebral wedge angle at the final follow-up presented no statistical difference
when compared to the postoperative angle (p>0.05), suggesting that the re-kyphosis may not be associated with
recompression of local trabeculae. Therefore, we proposed that restoration of vertebral height and LKA may increase
the tension of surrounding soft tissue, thereby increasing the mechanical loading of intervertebral discs adjacent to the
augmented vertebrae, further accelerating the disc degeneration process, and finally increasing the LKA.

The changing trends of VAS and ODI scores presented a similar pattern, with both the non-re-kyphosis group and re-
kyphosis group exhibiting significant pain relief and functional improvement after PKP. However, at the final follow-up,
the VAS and ODI scores in the re-kyphosis group deteriorated when compared to the non-re-kyphosis group. These
results show that re-kyphosis should not be neglected, as the symptoms seem to progress gradually during follow-up. We
speculate that the changed sagittal balance after occurrence of re-kyphosis may be the reason for the aggravated
symptoms after PKP surgery. Further studies should be performed to elucidate the relationship between changed sagittal
balance and aggravated symptoms in re-kyphosis patients.

There were several limitations in this study. First, postoperative MRI was not a routine examination in this study, so
the Pifrrmann grading system could not be used to evaluate the degree of intervertebral disc degeneration and its
relationship with the aggravation of local kyphosis in included patients. Second, in this study, the reason of the
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aggravated symptoms after the occurrence of re-kyphosis remained unclear and needed to elucidate in further studies.
Third, the follow-up time of this study was relatively short and the sample size was relatively small. Further studies are
still needed to explore the risk factors and the clinical significance of re-kyphosis after PKP surgery.

Conclusion

The recurrent local kyphosis after PKP is not rare in OVF patients without refractures of augmented or adjacent
segments. The clinical symptoms deteriorate during follow-up in patients with the recurrent local kyphosis which
indicate that re-kyphosis tends to lead to a poor prognosis after PKP surgery and should be taken seriously. Patients
with disc—endplate complex injury, more correction of vertebral height and kyphosis angle are at a higher risk for re-
kyphosis after PKP surgery.

Abbreviations

OVF, osteoporotic vertebral fracture; PKP, percutaneous kyphoplasty; LKA, local kyphosis angle; LKAC, local kyphotic
angle correlation; PEC, PMMA endplate contact; NPEC, non-PMMA endplate contact; VHR, vertebral height restora-
tion; VAS, visual analogue Scale; ODI, Oswestry Disability Index; EDCI, endplate—disc complex injury.
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