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Abstract: Purpose: To evaluate the safety and efficacy of percutaneous kyphoplasty (PKP) for Kimmell’'s disease
with vertebral posterior wall defects but no neurological symptoms. Methods: This retrospective study analyzed 79
patients with Kimmell disease, who were divided into an experimental group (with vertebral posterior wall rupture,
n = 46) and a control group (with vertebral posterior wall intact, n = 33) based on imaging findings. Their vertebral
height recovery, kyphosis correction, cement leakage rate, VAS scores, and postoperative changes were compared.
Results: After 10-26 months (avg. 18.9 months) of follow-up, both groups improved in vertebral height and Cobb
angle post-operation. The control group had better postoperative vertebral height and Cobb angle recovery. At the
last follow-up, the experimental group had more height and Cobb angle loss. VAS scores improved in both groups
with no difference between them. There were 5 cement leakage cases in the experimental group and 3 in the
control group, with no neurological symptoms (all P < 0.05). Conclusion: PKP is safe and effective for stage Ill Kim-
mell’s disease with or without posterior wall integrity. However, having intact posterior walls is better for maintaining

vertebral height in long-term.
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Introduction

As the aging population continues to grow, the
incidence of osteoporotic vertebral compres-
sion fractures is increasing annually, making it
one of the common diseases threatening the
health of the elderly [1]. Some patients experi-
ence progressive vertebral collapse, kyphotic
deformity, and even neurological symptoms
after an asymptomatic period lasting from sev-
eral weeks to months [2]. This condition was
first described by the German surgeon Hermann
Kidmmell in 1891 and is therefore also known
as Kimmell’s disease [3]. Due to its mild early
symptoms, it is often overlooked by patients,
leading to delayed treatment. Its typical imag-
ing feature is the “intravertebral vacuum cleft
sign” [4], which frequently causes severe and
persistent low back pain. In severe cases, it
may lead to spinal cord compression and cor-
responding neurological symptoms, significant-
ly impairing the quality of life of elderly patients
and increasing the burden on their families [5].

In terms of treatment, conservative manage-
ment often yields unsatisfactory results for
Kammell's disease, and thus surgical interven-
tion is usually required [6]. For mid to advanced-
stage Kimmell's disease, the main surgical
options include simple bone cement augmen-
tation, additional internal fixation, and vertebral
corpectomy with reconstruction. However, there
remains controversy regarding which surgical
approach is more advantageous for elderly
patients [7, 8]. Specifically, simple bone cement
augmentation techniques such as percutane-
ous kyphoplasty (PKP) offer advantages such
as minimal invasiveness and rapid recovery,
making them suitable for cases with intact or
mildly defective posterior walls. However, in
patients with vertebral posterior wall fractures,
there is a higher risk of bone cement leakage.
Surgical procedures with additional internal fix-
ation provide better spinal stability and facili-
tate the correction of kyphotic deformity, but
they involve increased surgical trauma and pla-
ce higher demands on the tolerance of elderly
patients with multiple comorbidities. Vertebral
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corpectomy and reconstruction, while enabling
thorough decompression and effective restora-
tion of vertebral height, is an open surgery
associated with significant trauma and blood
loss, and is only suitable for patients with se-
vere nerve compression or spinal deformity.

In recent years, there have been a growing
number of reports on the use of PKP for the
treatment of mild to advanced-stage Kimmell's
disease [9-12]. Our previous studies have also
confirmed the effectiveness of PKP in treating
Kammell’'s disease [13]. However, its efficacy in
patients with posterior wall defects warrants
further investigation. Hence, this study aims to
evaluate the clinical efficacy and safety of PKP
in treating Kimmell's disease with posterior
wall rupture but without spinal cord compres-
sion, and to compare it with a group of patients
with an intact posterior wall, thereby providing
more reliable evidence for surgical decision-
making in such cases.

Material and methods
Study design

This retrospective study analyzed 79 patients
with Kimmell disease, who were divided into
an experimental group (with vertebral posterior
wall rupture, n = 46) and a control group (with
vertebral posterior wall intact, n = 33) based
on imaging findings. All patients in both groups
received standard anti-osteoporosis medica-
tion (e.g., bisphosphonates or denosumab) dur-
ing the treatment period. The study was con-
ducted in accordance with the Declaration of
Helsinki and was approved by the Institutional
Review Board/Ethics Committee of The First
Affiliated Hospital of Soochow University (App-
roval No. 2025032). The requirement for infor-
med consent was waived due to the retrospec-
tive nature of the study.

Inclusion criteria comprised all of the following;:
(1) Diagnosis of Stage lll Kimmell’'s disease
according to Li's radiological staging system,
confirmed by the presence of a clear “intraver-
tebral vacuum cleft sign” on lateral X-ray; (2)
Vertebral posterior wall integrity or defect con-
firmed by computed tomography (CT) and/or
magnetic resonance imaging (MRI); (3) Age >
50 years with chronic, persistent low back pain
refractory to conservative treatment for a mini-
mum duration of 3 months; (4) Medical fitness
to undergo percutaneous kyphoplasty under
general anesthesia; (5) Complete clinical data.
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Exclusion criteria were defined as follows: (1)
Acute osteoporotic vertebral compression frac-
tures with an onset of less than 3 months; (2)
Presence of any neurological symptoms or
signs indicative of spinal cord compression; (3)
Involvement of two or more vertebral levels by
Kammell's disease; (4) Any contraindication to
surgery or general anesthesia; (5) Coexisting
spinal pathologies that could confound pain
assessment, such as severe spinal stenosis,
spondylolisthesis, tumor, or infection.

Preoperative preparation

A comprehensive assessment of the patient’s
general condition was conducted. Standard
vertebral anteroposterior and lateral views,
dynamic X-ray films, computed tomography (CT)
imaging (including sagittal and coronal recon-
struction), and magnetic resonance imaging
(MRI) were used to assess the deficiency of
the vertebral wall, especially the posterior wall.
Besides the deficiency of the vertebral wall,
especially the posterior wall, the stability of
the fractured vertebral segment was evaluat-
ed using a combination of imaging and clinical
methods. CT imaging was used to assess the
integrity of the vertebral structure, including
the degree of vertebral body fragmentation and
the involvement of the posterior column. MRI
was used to evaluate the condition of the spinal
cord and soft tissues around the fracture site.
Clinically, the patient’s symptoms, such as the
presence of pain during movement and the
degree of spinal deformity, were also consid-
ered. Additionally, the range of motion of the
affected spinal segment was measured to fur-
ther assess its stability. This study used dynam-
ic X-rays to measure the sagittal plane mobility
of the segment containing the injured vertebra.
During postoperative follow-up, lateral X-rays
were taken of the patient’s lumbar spine in
maximum flexion and extension positions. The
angle between the functional segment cen-
tered on the operated vertebra (the operated
vertebra and its superior vertebra) in flexion
and extension was measured. The mobility of
this segment was the absolute value of the dif-
ference between the extension angle and the
flexion angle. This measurement of segmental
sagittal mobility using dynamic radiographs
was performed cautiously to avoid any aggra-
vation of vertebral injury or patient pain, and no
such adverse events were observed.
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Surgical methods

General anesthesia was selected to ensure
patient cooperation during the prolonged, com-
plex PKP procedure, facilitating accurate pedi-
cle puncture and balloon expansion [14]. While
neuroleptic analgesia is commonly used for spi-
nal surgeries, general anesthesia is preferred
for our elderly patients with multiple comorbidi-
ties, as it ensures hemodynamic stability, opti-
mizes airway control, and minimizes intraopera-
tive complication risks [15].

Following anesthesia, patients were positioned
prone. The fractured vertebra was localized via
C-arm fluoroscopy, followed by bilateral pedicle
puncture and balloon insertion into the verte-
bral body. Balloons were inflated to restore ver-
tebral height and correct kyphosis, and then
removed prior to injection of PMMA cement.
Fluoroscopy was used to monitor cement distri-
bution and prevent leakage.

Postoperative management

Vital signs were monitored postoperatively,
and patients were maintained in a supine posi-
tion for 2 hours. Early functional exercises were
encouraged according to the patient’s general
status, with routine anti-osteoporosis therapy
administered postoperatively.

The stability of the treated vertebral segment
was re-evaluated via postoperative X-rays to
assess bone cement position and vertebral
height restoration. CT scans were performed if
indicated to rule out bone cement leakage or
new fractures. Additionally, patients’ ability to
perform daily activities and exercise-induced
pain were monitored to further evaluate seg-
mental stability.

Evaluation indicators

X-rays were obtained preoperatively, 1 month
postoperatively, and at the final follow-up to
measure the average height of fractured verte-
brae and Cobb angle (Cobb method), as well as
to assess bone cement leakage. The visual
analog scale (VAS) was used to evaluate back
pain (O = no pain; 10 = worst imaginable pain).
Functional disability was assessed using the
Disabilities of the Arm, Shoulder and Hand
(DASH) questionnaire. The DASH questionnaire
is a 30-item self-reported tool designed to
measure physical function and symptoms in
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patients with musculoskeletal disorders of the
upper limb. Scores range from O (no disability)
to 100 (most severe disability), with higher
scores indicating greater functional limitation.
In this study, the DASH score was employed as
a supplemental measure to broadly assess the
impact of spinal pathology and surgery on pa-
tients’ overall physical capacity and daily activi-
ties involving the trunk and proximal girdle.
DASH scores were collected preoperatively, at
one week, and three months postoperatively.
All X-ray measurements were performed by
two independent physicians in a double-blind
manner.

Fasting venous blood samples were collected
upon admission using standard vacuum tubes.
Approximately 5-10 mL of venous blood was
drawn, with specific volumes allocated for dif-
ferent tests: 2 mL in an EDTA anticoagulant
tube for complete blood count, and the remain-
ing volume in a serum separator tube for subse-
quent biochemical and immunological assays
(IL-6, CRP, liver and kidney function, etc.).

A complete blood count was performed using a
fully automated hematology analyzer (Sysmex
XN-9000) to determine the white blood cell
(WBC) count. Serum interleukin-6 (IL-6) levels
were quantified via chemiluminescent immuno-
assay (Roche Cobas €801), and C-reactive pro-
tein (CRP) via immunoturbidimetry (Beckman
Coulter AU5800).

Liver and kidney function were assessed using
a biochemical analyzer (Roche Cobas ¢702),
including alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) for liver func-
tion, and creatinine (SCr) and blood urea nitro-
gen (BUN) for kidney function. All tests were
performed strictly following the standard oper-
ating procedures provided by the reagents’
manufacturers.

Statistical analysis

Statistical analysis was performed using SPSS
software (version 18.0; IBM Corp.). Normally
distributed quantitative data are presented as
mean * standard deviation. Comparisons am-
ong multiple groups were conducted using one-
way analysis of variance (ANOVA). Upon identi-
fying a significant overall difference (P < 0.05),
post hoc pairwise comparisons were perform-
ed using the Tukey’s honestly significant differ-
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Table 1. Comparison of preoperative general characteristics between the experimental and control
groups

Experimental Group Control Group P-values
Gender (Male:Female) 16:30 11:22 0.762
Age (Years) 71.845.3 74.3+4.8 0.286
Duration of LBP (Months) 2.8+0.7 3.2+1.1 0.611
Bone Density -3.5+0.7 -2.9+0.6 0.429
Comorbidities (Diabetes:Hypertension) 14:27 9:17 0.255

Note: Data are presented as mean * standard deviation or number of patients. LBP: low back pain; Bone density was mea-
sured by T-score from dual-energy X-ray absorptiometry (DEXA).
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Figure 1. Comparison of peripheral blood inflammatory markers between the experimental and control groups.
White blood cell (WBC) count (A), interleukin-6 (IL.-6) (B), and C-reactive protein (CRP) (C) levels were measured
preoperatively and postoperatively. Comparison of liver and kidney function indicators, serum albumin, and total
protein levels between the experimental and control groups. Alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), serum creatinine (Scr), blood urea nitrogen (BUN), serum albumin (ALB), and total protein (TP) levels
were assessed preoperatively and postoperatively (D). Data are presented as mean + standard deviation.

ence (HSD) test, which controls the family-wise Surgical duration, volume of bone cement in-
error rate. Direct comparisons between two jected, and length of hospital stay were slightly
independent groups were made using the inde- greater in the posterior wall rupture group com-
pendent samples t-test. Categorical data, pre- pared to the intact wall group (all P < 0.05);
sented as rates or proportions, were compared however, intergroup differences in operative
using the chi-square test (or Fisher’s exact test time and hospital stay were not statistically
when expected cell counts were less than 5). significant (P > 0.05, Table 1).

A two-tailed P-value of less than 0.05 was con-

sidered statistically significant. P < 0.05 was Postoperative pain relief and vertebral restora-

considered statistically significant. tion
Results Both groups demonstrated significant postop-
erative reductions in VAS scores and significant
Baseline characteristics and surgical tolerance improvements in anterior vertebral body height
and Cobb angle compared to preoperative val-
No statistically significant differences were ob- ues (all P < 0.05). The further reduction in VAS
served in preoperative baseline data between score at the final follow-up compared to the
the two groups (P > 0.05). All patients tolerated immediate postoperative period was not signifi-
the procedure well without adverse events. cant in either group (P > 0.05).
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Table 2. Comparison of surgical time, hospital stay, VAS score improvement, vertebral height recov-
ery, Cobb angle correction, bone cement leakage rate, and loss of vertebral height and Cobb angle

between the experimental and control groups

Experimental Group Control Group P-value
Surgical Time (minutes) 48.5+23.1 43.8427.1 0.082
Hospital Stay (days) 3.312.0 2.7+1.6 0.177
VAS Score Improvement (points) 4.8+1.4 4.9+1.7 0.883
Vertebral Height Recovery (mm) 5.1+2.7 6.0+3.1 0.562
Cobb Angle Correction (degrees) 7.2+3.1 6.2+2.7 0.562
Bone Cement Leakage Rate (%) 15.15 6.52 0.021
Vertebral Height Loss (mm) 2.4+0.8 1.5+0.7 0.037
Cobb Angle Loss (degrees) 2.210.5 0.91+0.5 0.022

Note: VAS: Visual Analog Scale; Surgical time is presented in minutes; hospital stay in days; VAS pain score improvement in
points; vertebral height recovery and loss in millimeters (mm); Cobb angle correction and loss in degrees (°); bone cement

leakage rate expressed as a percentage (%).

604 Experimental group(n=46)
— Control group(n=30)

DASH

20

Figure 2. Comparison of Disability of the Arm, Shoul-
der and Hand (DASH) scores between the experimen-
tal and control groups. DASH scores were assessed
preoperatively, at one week, and three months post-
operatively. Data are presented as mean + standard
deviation.

Correlation analysis revealed no significant as-
sociation between the degree of pain relief
(AVAS) and the restoration of vertebral height
or correction of the Cobb angle in either group
(all P > 0.05).

Regarding safety, the incidence of bone cement
leakage was significantly higher in the posterior
wall rupture group (P = 0.021). However, no
neurological symptoms resulted from any leak-
age case. No significant loss of the restored
vertebral height or Cobb angle correction was
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observed in either group at the final follow-up
(P > 0.05).

Laboratory markers

No statistically significant intergroup differenc-
es were detected in preoperative or postopera-
tive levels of peripheral inflammatory markers
(e.g., IL-6, CRP), liver and renal function indices,
or nutritional parameters (all P > 0.05) (Figure
1).

Outcomes

Intergroup comparisons showed no significant
differences in operative time, hospital stay, or
the extent of pain relief (all P > 0.05). However,
the posterior wall intact group achieved signifi-
cantly better restoration of vertebral height and
correction of the Cobb angle immediately after
surgery, with significantly less loss of both cor-
rection parameters at the final follow-up (all P <
0.05) (Table 2).

Postoperative joint function and excellent-good
rates

No statistically significant differences were ob-
served in preoperative DASH scores between
the groups (P > 0.05). Post-treatment, DASH
scores at one week and three months postop-
eratively showed no significant difference be-
tween the groups (both P > 0.05). Follow-up
periods also revealed no significant difference
in excellent-good joint function rates (experi-
mental 86.96%, control 86.67%; P = 0.971)
(Figure 2; Table 3).
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Table 3. Excellent-good rates between the two groups

Discussion

Group Excellent Good Poor  Excellent-Good Rate Kimmell disease remains a
u i i
Experimental (n = 46) 40 3 3 40/46 (86.96%) . . L
clinically challenging condition,
Control (n = 30) 26 3 1 26/30 (86.67%) with unresolved issues regar-
X 0.001 ding its pathogenesis, diagno-
P value 0.971 sis, and optimal treatment. Cu-

Note: The excellent-good rate (%) indicates the proportion of patients rated as

excellent or good. X2 chi-square test statistic.

Figure 3. Radiographic and magnetic resonance imaging images at the
time of injury. A. The initial lateral X-ray shows a fresh T12 vertebral frac-
ture, with the anterior vertebral height measured at 17.3 mm and the Cobb
angle at 12.9°. B. The sagittal MRI confirms the diagnosis of a fresh T12
vertebral fracture.

Typical case presentation

A 65-year-old female patient with lower back
pain and limited mobility from a fall was diag-
nosed with a fresh T12 vertebral fracture. Initial
X-ray and MRI showed a Cobb angle of 12.9°
and anterior vertebral height of 17.3 mm
(Figure 3). Four months later, pain worsened
and imaging revealed vertebral collapse wi-
th kyphotic deformity and a clear “vertebral
cleft sign”, measuring Cobb angle 25.1° and
anterior vertebral height 7.8 mm (Figure 4). CT
confirmed posterior vertebral wall rupture, and
Stage Ill Kimmell disease was diagnosed. She
underwent percutaneous kyphoplasty. One
month postoperatively, Cobb angle improved to
21.9° and vertebral height to 15.6 mm (Figure
5A). At two-year follow-up, Cobb angle was
24.4° and height 11.8 mm (Figure 5B).
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rrent understanding of its pa-
thophysiology centers on two
competing hypotheses: intra-
vertebral pseudarthrosis for-
mation following osteoporotic
vertebral compression frac-
tures, and primary avascular
necrosis of the vertebral body.
The latter positing that im-
paired vertebral blood supply
induces trabecular necrosis
and subsequent non-union,
has gained wider acceptance
among researchers [4, 11].
Our clinical observations sup-
port this ischemic necrosis
hypothesis, as the characteris-
tic intravertebral vacuum cleft
observed in advanced stages
likely represents a mechanical
sequela of this avascular
process.

The treatment paradigm for
Kummell disease has evolved
substantially, with percutane-
ous kyphoplasty (PKP) emerg-
ing as the preferred minimally
invasive intervention for Li
stage | and |l patients due to its favorable effi-
cacy and safety profile [16, 17]. However, the
management of stage Ill disease, characterized
by posterior vertebral wall deficiency, remains
controversial [18-21]. In our clinical practice,
we observed that posterior wall integrity, rather
than the underlying etiology, serves as the pri-
mary determinant of bone cement leakage risk.
This finding is consistent with the existing litera-
ture [6] and was corroborated in our study,
where patients with posterior wall defects
exhibited a significantly higher leakage rate.

Notably, our clinical experience indicates that
PKP can be safely performed in stage Ill cases
with meticulous preoperative planning and
technical modifications. We attribute our suc-
cessful outcomes without neurological compli-
cations to three key technical considerations:
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Figure 4. Imaging data four months post-injury. A. Lateral X-ray showing significant vertebral collapse and kyphotic
deformity, with the anterior vertebral height decreased to 7.8 mm and the Cobb angle increased to 25.1°. B. Sagit-
tal CT scan confirming the presence of a clear ‘intravertebral vacuum cleft sign” and demonstrating the rupture of
the posterior vertebral wall. C. Sagittal MRI showing vertebral collapse and confirming no spinal cord compression.

Figure 5. X-ray images at one month post-surgery (A) and last follow-up (B).

first, high-resolution CT imaging enables pre-
cise preoperative assessment of posterior wall
defect morphology; second, real-time fluoro-
scopic guidance during cement injection
ensures controlled distribution; and third, opti-
mization of injection parameters (including vol-
ume, pressure, and staged delivery) substan-
tially mitigates leakage risk. We propose that
these technical refinements, rather than aban-
doning PKP entirely for stage Ill patients, repre-
sent a more nuanced approach to managing
this complex subgroup.
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The pain pathophysiology of
Kammell disease is multifacto-
rial, with micromotion at the
fracture site identified as a pri-
mary contributor [1, 22, 23].
While cement augmentation
effectively addresses this me-
chanical instability, we hypoth-
esize that the marked pain
relief observed in our cohort
may also stem from the dual
mechanism of chemical neu-
rolysis and thermal denerva-
tion induced by PMMA [24, 25],
particularly in cases with es-
tablished intravertebral pseu-
darthrosis.

A major concern in Kimmell
disease management is the
risk of late cement displace-
ment due to inadequate bone-cement integra-
tion. In contrast to prior studies reporting an
18.20% displacement rate [26], our study
observed no such complications. We attribute
this favorable outcome to strict patient selec-
tion (excluding cases with preoperatively severe
vertebral instability) and technical emphasis on
achieving optimal cement interdigitation with
trabecular bone, even in the challenging scle-
rotic bone environment of Kimmell lesions.
Furthermore, we acknowledge that select
cases with severe instability might benefit from
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supplementary fixation; however, this falls
beyond the scope of the current investigation.

Our analysis revealed an important long-term
observation: patients with posterior wall de-
fects experienced significantly greater verte-
bral height loss and Cobb angle progression at
final follow-up. We interpret this finding as evi-
dence that posterior wall integrity is crucial for
maintaining mechanical stability under cyclic
spinal loading. While this radiographic deterio-
ration was not associated with worse clinical
outcomes in our series, it underscores the
need for diligent postoperative monitoring in
this subgroup.

The relationship between kyphotic deformity
and pain severity remains debated. While some
authors report a correlation between deformity
magnitude and symptom intensity [27, 28], our
data support the alternative view that pain
improvement following PKP is not significantly
associated with radiographic parameters (i.e.,
vertebral height restoration or Cobb angle cor-
rection) [25, 29, 30]. This dissociation between
radiographic and clinical outcomes leads us to
conclude that the primary mechanisms of pain
relief in Kimmell disease are likely fracture sta-
bilization and PMMA-induced neurolysis, rather
than mechanical correction of spinal align-
ment.

Conclusion

This study provides valuable insights into the
clinical outcomes of PKP for Kimmell disease,
particularly in patients with posterior vertebral
wall defects but no neurological deficits. Our
findings demonstrate that PKP is a safe and
effective treatment option for both patients
with intact and compromised posterior verte-
bral walls, yielding significant short-term pain
reduction, vertebral height restoration, and ky-
photic deformity correction.

However, the long-term maintenance of verte-
bral height and deformity correction was supe-
rior in patients with intact posterior walls. This
suggests that while PKP achieves immediate
symptomatic relief and anatomical restoration,
posterior wall structural integrity plays a crucial
role in sustaining these benefits over time.
Consistent with the known risk profile of verte-
bral augmentation in the setting of posterior
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wall defects, the experimental group exhibited
a higher cement leakage rate, though no neuro-
logical complications were observed. This high-
lights the importance of careful patient selec-
tion and refined surgical technique to minimize
procedural risks.

Despite the inherent limitations of a retrospec-
tive design, including the absence of random-
ization and variable follow-up durations, our
results contribute to the growing body of evi-
dence supporting PKP as a viable treatment for
Kimmell disease. Future prospective studies
with larger sample sizes and standardized long-
term follow-up are warranted to further clarify
long-term outcomes and refine patient selec-
tion criteria.
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