Journal of Back and Musculoskeletal Rehabilitation 37 (2024) 195-203 195
DOI 10.3233/BMR-230083
10S Press

Comparison between percutaneous
short-segment fixation and percutaneous
vertebroplasty in treating Kummell’s disease:
A minimum 2-year follow-up retrospective
study

Hongtao Shen!, Weilong Tangl, Xiaoyu Yin, Tuo Shao, Xing Liu, Jiaao Gu*, Yuhang Hu, Lei Yu,
Zhange Yu and Zhenyu Zhang

Department of Orthopaedics, The First Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang,
China

Received 20 March 2023
Accepted 15 August 2023

Abstract.

BACKGROUND: Percutaneous kyphoplasty (PKP) or percutaneous short-segment fixation (PSSF) is often used to treat Kum-
mell’s disease. However, it is not clear which treatment is better for patients.

OBJECTIVE: To retrospectively compare the clinical efficacy of PVP and PSSF for the treatment of Kummell’s disease.
METHOD: 60 patients were involved in this research and the period of follow-up was at least 2 years. 27 of them were treated
with PVP (Group I) and the rest who received PSSF (Group II). The visual analog scale (VAS) and radiographic indexes of each
participant had been measured preoperatively as well as 1 week, 3 months, and 2 years postoperatively. Additionally, the Oswestry
Disability Index (ODI) scores were assessed at the last time point.

RESULTS: Comparing the two groups, no statistical significance was found among all parameters preoperatively. The time of
operations and blood loss is less in Group I. At each time point after operation, the imaging indices in Group II are lower (P <
0.05). One week after treatments, the VAS scores are lower in Group I, and similarly, 3 months are the same (P < 0.05), while
VAS are similar at the last time point. In the aspect of ODI scores, they are lower in Group II during long-term follow-up.
CONCLUSION: For the treatment of Kummell’s disease, both PVP and PSSF have been found to be effective. PVP can provide
rapid pain relief with a shorter operation time. However, in cases with severe kyphosis deformity, PSSF should be given priority.
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1. Introduction

With the increasing proportion of the elderly indi-
viduals in the population, osteoporosis h has become a
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not respond adequately to standard conservative ther-
apy [5-8]. Subsequently, nonunion can be observed in
13.5% of the patients, and the presence of an intraver-
tebral cleft (IVC) sign is reported in 7-13% of OVCF
cases [9-11]. In addition, the prognosis for OVCFs with
an intravertebral cleft (IVC) has been reported to be
associated with Kummell’s disease (KD), which mani-
fests as posttraumatic delayed vertebral collapses [5,9].

KD is considered one complication and the final
stage of OVCFs by Lim et al., since hyperflexion could
also result in OVCFs and IVC might be seen in the
chronic fractures [9,14]. Some authors suggested that
KD and OVCFs are two separate diseases for their
different injury mechanisms and imaging characteris-
tics [9,12,13]. Libicher et al. claimed that the appear-
ance of the IVC sign specifically manifests the occur-
rence of osteonecrosis in vertebral compression frac-
tures [14], although the relation between the IVC sign
and KD is not clear.

According to previous analyses of the reasons for
delayed healing or nonhealing in cases of osteonecro-
sis, blood supply plays a crucial role. Damage to blood
vessels, either anatomical or mechanical, or pathology
affecting the vessels, such as atherosclerosis or fat mi-
croembolism blockage caused by secondary fractures,
can lead to compromised blood flow to the vertebral
body [15]. This delay in neovascularization of the frac-
tured vertebral body can ultimately result in nonunion
or delayed healing of osteonecrosis. Moreover, fac-
tors such as Schmorl’s node, normal stress, lack of os-
teoblast, and low bone mineral density have also been
identified as relevant contributors to nonhealing [16,17].

There are multiple treatment options available for
Kummell’s disease. Conservative therapy, including bed
rest, bracing, nonsteroidal anti-inflammatory drug med-
ication, and orthosis, is considered essential [10,18].
For cases with kyphotic deformity, intractable pain, or
neurologic deficits, aggressive surgical interventions
are recommended [10,18]. Among the surgical choices,
percutaneous short-segment fixation (PSSF) and per-
cutaneous vertebroplasty (PVP) have been widely ac-
cepted and utilized. PSSF is becoming increasingly
popular due to its reduced surgical trauma [19]. Addi-
tionally, PVP has shown satisfactory clinical outcomes
with less injury and significant pain relief in treating
KD, although a consensus has not been reached yet.
However, there is limited research on whether to choose
PVP or PSSF for the treatment of KD. Our study aims
to compare these two surgical approaches for KD, pro-
viding new insights into the treatment options for this
condition.

Table 1
The fracture levels in both groups and follow-up situations
Items PVPGI (n) PSSFGII (n)
Level! T7 3 1
T8 2 2
T9 3 2
T10 6 6
T11 11 12
T12 7 7
L1 4 4
L2 4 3
L3 3 2
L4 4 1
L5 2 3
Total 49 43
Death 3 1
Patients lost to follow-up3 19 9
Final involved patients 27 33

Note: 1. Fracture levels had been recorded. 2. The incidence rate of
complications were calculated with the number of patients with com-
plications divided by those received operations. 3. The final involved
patients were those who finished complete 2-year follow-up. PVP
GI: Percutaneous vertebroplasty Group I; PSSF GII: Percutaneous
short-segment fixation Group II.

2. Method
2.1. Study design and patient selection

This study was a retrospective cohort study. 92 pa-
tients who suffered from Kummell’s disease were in-
cluded in this study in total. Each patient received clin-
ical and imaging assessments preoperatively and af-
ter surgeries. One of the indexes, American Society of
Anesthesiology (ASA) classification was utilized as the
grouping criterion. Six levels are included in this classi-
fication and higher grade presents higher perioperative
risk. In this study, patients in IIT and higher Levels were
divided into Group I who received PVP and the others
in I and IT Levels were included in Group II received
PSSF (Table 2). All surgical procedures were performed
by the same senior surgeon in the fourth orthopedics
department of the First Affiliated Hospital of Harbin
Medical University, China, between December 2016
and May 2020 and the period of follow-up was at least
2 years (Figs 1 and 2).

2.2. Inclusion and exclusion criteria

Inclusion criteria: (1) Patients older than 65 years
old, with back pain for more than 3 weeks; (2) T-score
of the patient thoracolumbar vertebral body measured
with dual-energy X-ray absorptiometry had to be less
than —2.5; (3) There is no significant pain relief after
conservative management mentioned above; (4) With
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Table 2
The clinical features of patients involved

Items PVP GI (n = 27) PSSF GII (n = 33) P value
ASA classification

I 6

11 27

I 20

v 7

v 0

VI 0
Sex

Male 12 12 1.00

Female 15 21
Age (Years) 78.51 £+ 6.86 76.93 + 8.51 0.92
Duration of follow-up (m) 26.00 £ 1.568 25.75 £ 1.28 0.47
Bone Density (T scores) —297+£0.35 —293+0.29 0.94
BMI (kg/m?) 23.51 £ 3.41 22.66 + 3.34 0.16
Operation time (h) 0.76 + 0.25 1.96 £+ 0.37 0.003*
Blood loss (ml) 5.38 £3.77 6.95 +4.24 0.75
Complications 1 cement leakage (3.7%) 1 fixation failure (3.0%) > 0.05

Posterior decom-pression and fixation was adapted

Revision surgery was adapted

Note: The description of statistics is Mean £ SD. (*p < 0.05); BMI: Body Mass Index. ASA: American Society of Anesthesiology.

e f

Fig. 1. A 68-year-old man was admitted to hospital for back pain. MRI showed low signal in both T1 and T2 images. b, CT showed IVC sign; c,
X-ray showed vertebral compression; d, one week after operation; e, three months after operation; f, two years after operation.

signs of IVC in MRI preoperatively and the patients
were consistent with the clinical manifestations of KD,
(5) Fractures occurred in the single or multiple non-
adjacent vertebrae.

Exclusion criteria: (1) Follow-up less than 2 years, or
patients passed away during the period; (2) Neurologi-
cal deficits of lower extremities occurred due to the ver-
tebral fracture compression; (3) Multiple adjacent ver-
tebral bodies fractures, history of high-energy trauma

or primary tumors; (4) Those patients underwent PSSF
without bone cement screws.

This study was approved by the Institutional Review
Broad of Harbin Medical University, Heilongjiang,
China (No. IRB-AF/SC-04/02.0). All patients involved
were well informed about the surgery they received
and provided written informed consent. Serious adverse
events during the trial were reviewed and reported every
6 months.
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Fig. 2. A 83-year-old female patient with back pain was hospitalized, L3 vertebral body was compressed, and there was no lower limb nerve
dysfunction. a, MRI showed low signals, in both T1 and T2 of the injured vertebrae with “IVC sign” of the vertebrae. X-ray and CT showed
vertebral compression fractures b and c. Percutaneous vertebroplasty was performed one week after operation, three months after operation, and

two years after operation d, e, f.
2.3. Therapy

PVP was performed under X-ray fluoroscopy and the
bone cement was inserted bilaterally. The other group
underwent PSSF with bone cement screws. Antibiotics
were adapted preventively and the anti-osteoporosis
treatment was carried out postoperatively. Patients in
both groups were asked to wear the brace for 6-8 weeks.
For each participant in Groups I and II, a follow-up
for at least 2 years was finished. During the period,
clinical evaluations were done at the points of 1 week,
3 months, and 2 years after the surgical treatment. At
the same time, spinal anteroposterior and lateral radio-
graphs were also taken to assess the height loss and
local kyphotic angle. For the patients who presented
with leakage of cement during the period of follow-
up, posterior decompression and fixation was adapted
and internal fixation failure was dealt with via revision
surgeries.

2.4. Outcome parameters

The patients’ history, radiographs, operation records,
and situations in the follow-up period were carefully
reviewed and sorted out. The indexes that indicated
the therapeutic efficiency included: (1) Visual ana-
logue scale (VAS) scores; (2) Oswestry Disability In-
dex (ODI). The VAS scores ranging from O to 10 de-

scribe the degree of the pain and higher scores represent
severer pain [20-22]. The quality of the patients’ life
was reflected by the ODI scores, which include nine
dimensions in everyday life and there are six degrees
in each aspect ranging from 0 to 5 [20-22]. Radiolog-
ically, the fractured vertebral height (FVH) ratio, the
local kyphotic angle (LKA) and the vertebral wedge
angle (VWA) were measured to assess patients in both
groups [21-23]. FVH was measured at the maximal
compressed point. The value of the FVH ratio was cal-
culated as follows: [The normal vertebral height (NVH)
— FVH]/NVH*100%. The NVH was computed by av-
eraging the height of upper and lower adjacent non-
fracture vertebral bodies. LKA was obtained through
the Cobb angle method. (The angle formed between
the upper plate of the superior vertebra adjacent to the
fractured body and the lower plate of the inferior ver-
tebra) VWA was the angle between the superior and
inferior plates of the fractured vertebrae [30-32]. In
addition, the correction of all these parameters was cal-
culated with the difference between preoperation and
postoperation. To reduce human error, all indexes were
measured by two separate researchers independently
and average values were taken as the final results.

2.5. Statistical analysis

The distribution of demographic characteristics and
clinical data were compared between cases and controls
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Table 3

Comparison between pre- and 1 w post-operative VAS, LKA, VWA and FVHr intra-group

Groups Pre-scores (Mean = SD) 3 w post-scores (Mean = SD) P value
VAS PVP GI 7.78 £+ 1.09 3.00 + 0.82 <0.01*
PSSF GII 7.78 £ 1.19 433 +£1.08 <0.01*

LKA (°) PVP GI 11.65 £ 7.21 10.80 £ 5.97 0.54
PSSF GII 12.18 £ 6.03 6.55 + 3.61 <0.01*

VWA (°) PVP GI 14.19 £9.79 13.21 £ 10.49 0.71
PSSF GII 14.35 £+ 6.08 8.72 + 3.59 <0.01*
FVHr (%) PVP GI 23.88 £6.42 16.37 £ 11.11 <0.01*
PSSF GII 26.34 + 11.78 10.44 +£7.18 < 0.01*

Note: VAS and ODI recorded are the actual scores. The range is in brackets. (*p < 0.05); Pre-:

preoperative; 1 w post-: 1 week postoperative.

using the Chi-square test or Fisher exact test or T-test as
appropriate. Univariate and multivariate unconditional
logistic regression was used to estimate crude and ad-
justed odds ratios (ORs) and 95% confidence intervals
(ClIs). The statistical analyses were carried out using
SAS version 9.1.3 software (SAS Institute, Cary, North
Carolina, USA). All reported P values were two-sided,
with p < 0.05 considered significant.

3. Results
3.1. Clinical features of the patients involved

Among the total of 92 participants, 49 patients were
included in Group I, who underwent percutaneous ver-
tebral augmentation, while the remaining 43 patients
were assigned to Group II, who underwent percuta-
neous short-segment fixation, based on the grouping
criterion. During the follow-up period, 32 patients were
excluded from the study, with 4 patients in severe status
having passed away, and 28 patients lost to follow-up.
Consequently, the final analysis included a total of 60
patients, with 27 patients in Group I and 33 patients in
Group II, as indicated in Table 1.

Besides, the basic information on eight aspects of
each patient has been collected: gender, age, duration of
follow-up, Bone Density, Body Mass Index, operation
time, blood loss and complications (Table 2). The oper-
ation time in Group I is 0.76 £ 0.25h and 1.96 £ 0.37h
in Group II, with significant statistical differences (p <
0.05). On the contrary, in the other aspects: gender, age,
duration of follow-up, bone density, BMI, blood loss
and complications, significant differences had not been
observed (p > 0.05).

3.2. Therapeutic effectiveness analysis

We conducted a therapeutic effectiveness analysis by
comparing the outcomes one week after the operation

with those preoperatively (Table 3). In Group I, the VAS
decreased from 7.78 £ 1.09 before the procedure to
3.00 £ 0.82 after the procedure (p < 0.01). Regarding
the imaging evaluation, the FVH ratio changed from
23.88 + 6.42to 16.37 = 11.11 (p < 0.01). However,
statistical analysis revealed that no significant differ-
ence could be found in LKA and VWA between pre-
and 1 week post-operative. In Group II, significant dif-
ferences were observed compared to the preoperative
values in various parameters at the point of 1 week post-
operatively. Specifically, the VAS decreased from 7.78
+ 1.19 t0 4.33 £+ 1.08 (p < 0.01), the LKA reduced
from 12.18 £ 6.03 to 6.55 = 3.61 (p < 0.01), the VWA
decreased from 14.35 4+ 6.08 t0 8.72 + 3.59 (p < 0.01),
and the FVH ratio decreased from 26.34 £ 11.78 to
10.44 £ 7.18 (p < 0.01).

3.3. Comparison between two methods

Statistical differences in VAS and ODI scores be-
tween both groups were not observed before surgi-
cal treatments. Similarly, there are no significant dif-
ferences in VAS and the correction values in 2 years
follow-up (p > 0.05, Table 4). Differences could be ob-
served in the VAS and ODI scores at other time points.
Regarding the imaging evaluation, there were no sta-
tistical differences in LKA, VWA, and FVHr between
both groups preoperatively (p > 0.05). At each time
point after the operation, these parameters were lower
in Group II (p < 0.05), and correspondingly, the cor-
rection values were higher as well (p < 0.05), as shown
in Table 5.

4. Discussion

KD is a clinical condition characterized by painful
progressive angular kyphosis due to delayed vertebral
body collapse after minor spinal trauma. The choice of



200 H. Shen et al. / Comparison between PSSF and percutaneous vertebroplasty in treating Kummell’s disease

Table 4
Comparison of VAS, ODI and corrections between GI and GII

Items PVPGI(n =27) PSSFGII (n = 33) P value
Vas pre 7.78 £ 1.09 7.78 £ 1.19 0.97
Vas 1 w post- 3.00 +0.82 433 +£1.08 0.03*
Correction 478 +1.09 345+ 1.52 0.04*
Vas 3 m post- 2.59 £0.57 3.36 £0.93 0.008*
Correction 5.19+1.21 442 +1.23 0.031*
Vas 2 y post- 1.59 +£0.84 224 £1.03 0.067
Correction 6.18 £ 1.27 554+ 146 0.34
ODI pre (%) 76.46 + 7.83 74.34 £ 5.90 0.87
ODI 2 y post- (%) 30.37 £ 3.02 23.50 £ 5.64 <0.01*
Correction (%) 46.09 £ 8.33 50.84 £+ 7.79 0.029*

Note: The description of statistics are Mean £ SD. (*p < 0.05); Correction:
D-value between pre- and specific time point postoperative. Pre-: preoperative;
1 w post-: 1 weeks postoperative; 3 m post-: 3 months postoperative; 2 y post-:
2 years postoperative.

Table 5
Comparison of radiographic indexes between GI and GII

Items of LKA (°), VWA (°)

PVPGI (n =27) PSSFGII (n =33) P value

or FVHr (%)

LKA (°) pre 11.65 &= 7.21 12.18 £6.03 0.83
LKA (°) 1 w post- 10.80 £+ 5.97 6.56 + 3.61 0.01*
Correction (°) 0.86 + 2.40 5.62 +4.62 0.01*
LKA (°) 3 m post- 10.20 £+ 5.57 6.82 +3.52 0.024*
Correction (°) 1.46 + 3.05 5.37+4.16 <0.01*
LKA (°) 2y post- 10.89 + 6.43 6.92 + 3.78 0.038*
Correction (°) 0.77 £1.97 526 +4.49 0.017*
VWA (°) pre 14.19 £9.79 14.35 £ 6.08 0.92
VWA (°) 1 w post- 13.21 £+ 10.49 8.72 + 3.59 0.024*
Correction (°) 0.98 + 4.39 5.62 +3.93 0.018*
VWA (°) 3 m post- 13.34 £+ 8.58 8.58 +4.12 0.033*
Correction (°) 0.85 +£4.79 5.77 +3.32 <0.01*
VWA (°) 2y post- 13.48 £9.17 8.31+4.24 0.011*
Correction (°) 0.71 £+ 3.86 6.04 + 3.76 < 0.01*
FVHr (%) pre 23.88 £6.42 26.34 + 11.78 0.35
FVHr (%) 1 w post- 16.37 £ 11.11 1044 £7.18 0.029*
Correction (%) 7.51 +10.25 15.89 + 8.74 < 0.01*
FVHr (%) 3 m post- 19.42 £+ 13.28 11.10 £9.50 0.043*
Correction (%) 446 £+ 11.50 15.24 + 8.69 <0.01*
FVHr (%) 2 y post- 18.49 £+ 13.54 12.69 £ 7.54 0.011*
Correction (%) 539+ 1191 13.65 £ 10.53 0.01*

Note: The description of statistics is Mean &= SD. (*p < 0.05); Correction: D-value between
pre- and specific time point postoperative. LKA: the local kyphotic angle; VWA: the vertebral
wedge angle; FVHr: he fractured vertebral height (FVH) ratio.

surgical approach for the treatment of KD lacks unifor-
mity. While both surgical procedures have been shown
to be effective, they differ in certain aspects. PVP could
achieve more rapid pain relief with less operation time,
even if outcomes in both groups are similar in the long
term. In contrast, PSSF demonstrated better kyphosis
correction and vertebral height restoration. Based on
these results, our findings suggest that PVP is more
suitable for KD patients with severe pain, while PSSF
is the preferred option for those with serious kyphosis.

Our research findings indicate that, at the 1-week
follow-up, both PVP and PSSF provided satisfactory

pain relief when the same group of patients was longi-
tudinally compared. Thus, we have confidence in the
reliability and effectiveness of both surgical procedures.
The dissipation of heat during the solidification of bone
cement is a critical mechanism that plays a key role in
nerve inactivation and immediate stabilization. Further-
more, PSSF enhances stability, effectively alleviating
pain, and improving overall quality of life.

When comparing both operations, PVP could achieve
quicker pain relief in a short period (lower VAS at 1
week postoperatively). Possibly, the non-fusion in the
fractured vertebral body during PSSF significantly con-
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tributes to quicker pain relief. In the long-term, patients
in Group II could experience improved health (greater
correction of ODI at 2-year follow-up) and comparable
pain remission. This improvement might be attributed to
better kyphosis correction and vertebral height restora-
tion. Regarding imaging evaluation, PSSF is more af-
firmable than PVP in both the short and long term due
to its superior reduction capabilities.

KD is often accompanied by chronic pain, which is
considered one of the special circumstances of OVCFs.
This pain often presents with the IVC sign [14], a spe-
cific sign that strongly suggests the presence of os-
teonecrosis [24]. In order to implement the therapeutic
strategies, surgical interventions have been performed.
Among these methods, both PVP and PSSF have been
reported as solutions for KD, resulting in significant
improvement [10,25].

As a minimally invasive treatment, PVP should be
considered for persistent pain or progressive verte-
bral collapse [9]. The results of the study conducted
by Ate?et al. showed significant improvements in VAS
and ODI scores in both PVP and percutaneous kypho-
plasty (PKP) groups during the mean 26-month follow-
up, which is consistent with our study [25]. PKP was
found to be more effective for correcting kyphosis. An-
other team also reported that apparent VAS improve-
ments appeared immediately after the PVP and our
study indirectly supports their conclusion (VAS scores
significantly decreased in PVP at the point of 3 weeks).
Similarly, there were no statistically significant differ-
ences in local kyphotic angle, but intravertebral instabil-
ity improved greatly. Moreover, PVP may also resolve
delayed neurologic deficits (DND) following OVCFs
with IVC, which may be a result of intravertebral insta-
bility [5].

According to some scholars, a fibrocartilaginous
membrane may form in a fractured vertebral body with
IVC sign. This might drive polymethyl methacrylate
(PMMA) into the spinal canal, thereby limiting the ap-
plicability of PVP in OVCFs with IVC [10]. In con-
trast, Krauss et al. argued that during PVP, the leak-
age of PMMA could be reduced due to the presence of
the fibrocartilaginous membrane [26]. However, many
authors reported cement leakage into the spinal canal
in OVCF with IVC. The possible causes include the
presence of an IVC sign, a viscosity of injected cement,
injection volume and velocity, and the morphology of
the fractured vertebral body [27]. In our study, cement
(PMMA) leakage occurred in 1 patient, with a rate of
3.7% (1 out of 27), which is lower than the rate reported
in previous studies for new OVCFs (10%) [28]. There-

fore, we speculated that leakage and obsolete OVCFs
are not significantly related. Besides, internal fixation
failure was observed in one patient in Group II (1 out
of 33, 3.0%), and the incidence rate of complications in
both groups was similar.

Vertebral recollapses are another PVP postoperative
complication and the incidence is high [29,30]. It is
reported that recollapses are related to the appearance
of osteonecrosis [10]. Recollapses would further ag-
gravate the kyphosis deformity. Therefore, PVP is not
recommended in the treatment of OVCFs with IVC
signs [30]. However, no recollapses were observed in
our research. Maybe the proper vertebral height correc-
tion for OVCFs and inadequate follow-up period were
the possible factors.

The presence of persistent pain, neurologic deficit, or
progressive kyphosis indicates the need for decompres-
sion and fixation in patients with obsolete OVCFs [18].
Both anterior and posterior techniques can provide
satisfactory pain relief and height improvement. For
kyphosis correction, the anterior approach is preferred,
except that it requires longer operative time, causes
more damage, and results in higher blood loss [19,31].
It is remarkable that larger surgical procedures carry
higher risks for elderly patients with comorbidities,
potentially jeopardizing their lives in some situations.
Consequently, anterior approaches, such as vertebral
body replacement, are limited. On the contrary, modi-
fied surgeries that aim for minimal injury have been re-
ported more frequently. Short segmental pedicle screw
fixation combined with vertebroplasty has been shown
to be more effective in treating OVCFs with neurologi-
cal deficits than posterior decompression and fixation
alone [31]. To reduce perioperative injuries, percuta-
neous pedicle screws are demonstrated to apply and
effectively restore normal physiological load transmis-
sion of the spine [32]. Wu et al. [33] concluded that per-
cutaneous vertebroplasty with a lateral opening trocar is
safe and effective in avoiding cement leakage, improv-
ing cement distribution, and restoring vertebral height
compared to conventional PVP. The results of this study
also demonstrate the advantages of the modified PVP.

In conclusion, according to this study, patients with
significant pain may benefit more from PVP. However,
for patients with severe kyphotic deformities or those
who experience worsened deformity during the proce-
dure, PSSF may be a more effective option for restor-
ing vertebral height, correcting the kyphotic angle, and
improving long-term quality of life.

There are still some defects and limitations in our re-
search. First, participants in Group I were less likely to
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wear the physical brace strictly due to the reduced pain
experienced. Furthermore, the use of painkillers during
the follow-up period may have affected the VAS scores
of participants of both groups. Additionally, our study
suffered from inadequate sample sizes in both groups,
a short follow-up period, and its retrospective nature.
These factors contribute to potential biases in the study
results. Therefore, future research should include multi-
center, larger sample sizes, longer follow-up periods,
and randomized controlled trials (RCTs) to obtain more
accurate and reliable conclusions.

5. Conclusion

For the treatment of Kummell’s disease, both PVP
and PSSF operations have shown efficacy. PVP is asso-
ciated with faster pain relief and shorter operation time.
However, in the presence of severe kyphosis deformity,
PSSF should be prioritized. To achieve optimal clinical
outcomes, individual patient characteristics and realistic
treatment options must be taken into consideration.
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