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Objective: To explore the safety and efficacy of percutaneous pedicle screw fixation combined with vertebroplasty for
the treatment of stage III Kümmell disease.

Methods: The clinical data and follow-up results of 22 patients with Kümmell disease who were admitted to our
department from 2014 to 2018 were analyzed. There were 14 females and eight males, and the Age range was 58–
81 years. All patients were followed up for 24 months. The treatment method was percutaneous pedicle screw fixation
combined with vertebroplasty. The patient general information such as age, gender, bedrest time and location of frac-
ture vertebrae were recorded. The clinical symptoms and imaging data of visual analogue scale (VAS), bone cement
leakage, Oswestry Disability Index (ODI), Cobb angle, anterior, middle and posterior height of the diseased vertebral
body, and complications were recorded before operation and during follow-up.

Results: For patients enrolled, no bone cement leakage was observed during the operation; no patients developed infec-
tions after operation. The operation was safe and resulted in a short bedrest time. The VAS score and ODI index at 3 and
24 months postoperative (2.86 � 0.83, 31.68% � 6.21%; 3.0 � 0.82, 32.78% � 6.05%) were significantly lower than
that recoded preoperatively (7.59 � 0.59, 71.5% � 8.84%) (P < 0.05). Additionally, there was no significant difference
between the records at 3 and 24 months after operation (P > 0.05). Imaging data showed that the bone cement and
screws were in good position and did not move during postoperative and follow-up. The anterior, middle and posterior
height of the diseased vertebral body measured 2 days after surgery (23.46 � 4.72, 23.12 � 3.05, 25.81 � 2.22) and
at last follow-up (20.83 � 4.48, 21.78 � 2.74, 24.74 � 1.93) were higher than that recorded preoperatively (13.08
� 4.49, 12.93 � 3.53, 19.32 � 2.73) (P < 0.05), and the Cobb angle measured 2 days and 24 months after operation
(9.57 � 4.63, 10.68 � 3.97) were lower than that recorded preoperatively (28.24 � 8.95) (P < 0.05), and no significant
difference was found between the values recorded at 2 days and 24 months after operation (P > 0.05). Follow-up for
24 months, there was no re-fracture of the diseased vertebrae and internal fixation loosening, but two cases of adjacent
vertebral refracture complications occurred, and the effect was good after PVP treatment.

Conclusion: Short-segment percutaneous pedicle screw fixation combined with vertebroplasty in the treatment of
stage III Kümmel disease can effectively restore the height of the diseased vertebrae, kyphosis correction, reduce
trauma, prevent the diseased vertebral body from collapsing again, and effectively improves clinical symptoms.
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Introduction

The incidence rate of osteoporosis (OP) increases gradu-
ally with age1, OP is a systemic skeletal disease charac-

terized by destruction of bone microstructure and increased
bone fragility, which eventually leads to increased risk of
osteoporotic vertebral compression fractures (OVCF)2.
OVCF are mostly caused by trauma, and patients can gener-
ally adopt non-surgical therapies such as bed rest, drugs,
external fixation braces, and so on, but there are still about
10% of patients who develop fracture nonunion3,4, and this
incidence may be underestimated. Kümmell disease, first
identified by German surgeon Hermann Kümmell in the
19th century5, is a common complication of OVCF. It is
mostly caused by prolonged non-healing of osteoporotic
compression fractures6, which are characterized by signs of
vacuum fissure, ischemia, and pseudoarticular formation5,7–9,
and often occurs in the thoracolumbar segment of the
vertebral body.

Due to the cavity and pseudojoint, the vertebral body
is unstable, as the disease progresses, patients with Kümmell
will gradually develop symptoms such as progressive kypho-
sis, intractable back pain, or neurological deficits, which
seriously affect the quality of life. For Kümmell’s disease,
non-surgical treatment is usually less effective and carries a
risk of pneumonia, bedsores, venous thrombosis of the lower
limbs, or delayed neurological deficits10,11. At present, surgi-
cal treatment of Kümmell’s disease is recommended. Com-
bined with clinical symptoms and imaging evaluation,
Kümmell’s disease can be divided into three stages. Stage I:
vertebral body height loss <20%, with or without back pain;
stage II: vertebral body height loss >20%, with or without
radiculopathy; and stage III: posterior vertebral cortical rup-
ture with spinal cord compression12. Surgical treatment of
Kümmell’s disease is aimed at restoring spinal stability and
decompressing nerves. For patients with stage I and II
Kümmell disease, Percutaneous vertebroplasty (PVP) or Per-
cutaneous kyphoplasty (PKP) therapy can effectively relieve
back pain and restore the height and stability of the diseased
vertebral body13,14. However, if it is not diagnosed and
treated in time, as the disease progresses, these patients will
gradually develop stage III symptoms, such as vertebral col-
lapse, kyphosis, and even spinal nerve compression15,16. Cur-
rently, different views exist regarding treatment options
available for stage III Kümmell disease17. For patients with
stage III Kümmell disease with spinal cord, neurological
symptoms, and spinal instability, surgical treatment such as
spinal canal decompression should be performed as soon as
possible. However, the compression of the spinal cord and
the appearance of symptoms are a gradual process. For this
kind of patient who has no or only mild neurological symp-
toms in the early stage, the treatment principle is to restore
the integrity and stability of the affected vertebra as soon as
possible, and prevent delayed nerve injury.

For patients with no neurological symptoms or mild
neurological symptoms, nerve decompression and kyphosis
correction are difficult to achieve using single vertebroplasty18.

Moreover, due to posterior cortical fracture of diseased verte-
bral body, high-pressure injection is prone to leakage of bone
cement into the spinal canal or blood vessels, leading to seri-
ous complications such as spinal cord nerve damage or pul-
monary embolism19. Kümmell’s disease is associated with OP
and there is vertebral cavity or pseudarthrosis, which lead to
instability of the diseased vertebrae. Screw loosening and fixa-
tion failure tend to occur in the late stage of simple vertebral
screw correction and fixation20, so this procedure is not suit-
able for Kümmell patients with no neurological symptoms or
mild neurological symptoms in stage III. Screw fixation com-
bined with vertebroplasty can not only restore the height of
the vertebral body, correct the kyphosis, but also fill the verte-
bral body cavity, restore the stability of the vertebral body,
and reduce the leakage of bone cement. However, the physical
quality of elderly patients is poor, open reduction and internal
fixation surgery have great trauma, which is not conducive to
postoperative recovery of patients.

Combined with our clinical experience and existing
studies, we believe that it is appropriate for those who have
no neurological symptoms or have mild neurological symp-
toms by using minimally invasive treatment to correct
kyphosis, restore spinal stability and relieve nerve compres-
sion indirectly and back pain symptoms. Therefore, this
study reports the therapy of percutaneous screw fixation
combined with PVP in the treatment of stage III Kümmell
with mild or with no neurological symptoms, aiming to pro-
vide surgeons with a new safe and effective surgical approach
for stage III Kümmell, and comprehensively evaluate the
minimally invasive surgery. It aims to: (i) evaluate the safety
of the operation by analyzing the intraoperative operations
and postoperative complications; (ii) evaluate the efficacy
and stability of the minimally invasive surgery for the treat-
ment of stage III Kümmell by retrospectively analyzing the
clinical symptoms and imaging data of patients before and
after the operation; and (iii) support the concept of effective
minimally invasive treatment of Kümmell patients with no
neurological symptoms or mild neurological symptoms in
stage III.

Materials and Methods

Patient Demographics
This retrospective study was approved by the Ethics Com-
mittee of the Affiliated Hospital of Shandong University of
Traditional Chinese Medicine.

Patients inclusion criteria were as follows: (i) patients were
diagnosed as Kümmell stage III based on the Imaging classifica-
tion; (ii) conservative treatment was ineffective; (iii) neurological
deficit: Frankel grade E; (iv) bone density examination criteria:
osteoporosis, T value ≤2.5; and (v) retrospective study, and the
data of patients were complete.

The exclusion criteria were as follows: (i) patients with
severe systemic underlying diseases who cannot tolerate sur-
gery; (ii) patients had a continuous multi-segment vertebral
body with Kümmell disease; and (iii) the occurrence of
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spinal metastases: pathological fractures caused by primary
and secondary tumors.

Imaging classification of Kümmell’s disease
According to the signs of vertebral fracture on X-ray and CT
or evidence of adjacent disc degeneration and osteonecrosis
with characteristic signs on MRI, Kümmell’s disease can be
divided into three stages6,12: stage I, vertebral compression
rate <20% with intravertebral vacuum cleft (IVC) sign; stage
II, vertebral compression rate >20% with dynamic mobile
fracture and adjacent disc degenerative disease; and stage III,
posterior cortex breakage of vertebral body with cord
compression.

Surgical Procedures
All operations were performed by the same group of physi-
cians. All patients were treated with percutaneous pedicle
screw fixation combined with percutaneous vertebroplasty
(Fig. 1). General anesthesia was successfully induced, and the
patient was placed in the prone position to enable spinal col-
umn hyperextension. C-arm fluoroscopy was used to deter-
mine the adjacent vertebral body puncture needle insertion

point. After the conventional operation area was disinfected,
screws were inserted through the bilateral pedicles under
fluoroscopy, two fixation rods were used to restore the height
of the vertebral body, and the spinal canal was decompressed
indirectly through the tension of the posterior longitudinal
ligament and the screws were fixed. Afterwards, a puncture
needle was used on the side of the diseased vertebra to punc-
ture the anterior and middle 1/3 of the diseased vertebra
through the pedicle. Effusion or gas from the injured verte-
bra was extracted and the required amount of bone cement
was injected under fluoroscopy. The bone cement filled the
cavity well and the screw position was adjusted after fluoros-
copy. Then the wound was washed, sutured and bandaged.

Postoperative Treatment
Two days after surgery, patients were able to move to the
ground for daily activities; X-ray examinations are routinely
conducted after operation. Additionally, they were assisted
through functional exercises to prevent lower extremity
thrombosis, and were given calcium, vitamin D and salmon
calcitonin for anti-osteoporosis treatment.

A B C

D E F

Fig. 1 Schematic diagram of percutaneous pedicle screw fixation combined with vertebroplasty for the treatment of stage III Kümmell disease. (A, D)

Stage III Kümmell disease: vertebral compression, Cobb angle enlargement, posterior vertebral cortical rupture with spinal cord compression. (B, E)

Percutaneous pedicle screw fixation: decrease the Cobb angle, enlarge the upper and lower gap of the diseased vertebrae and restore the height of

the diseased vertebrae. (C, F) Percutaneous vertebroplasty: injection of bone cement to fill the enlarged diseased vertebral cavity to restore the

height and stability of the vertebral body.
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Effectiveness Evaluation

Clinical Assessment
To evaluate the therapeutic effect of this operation, the
Visual Analogue Scale (VAS) and Oswestry disability index
(ODI) before operation, 3 and 24 months after operation
were recorded.

Visual Analogue Scale
The VAS score system is used to measure low back pain and
leg pain. It is the most commonly used questionnaire for
quantification of pain. The VAS is a continuous scale com-
prised of a horizontal or vertical line, usually 10 cm in
length. The intensity of pain experienced by the patient, the
scale is most commonly anchored by “no pain” (score of 0)
and “unbearable pain” (score of 10). A score of 0 is consid-
ered as no pain, 1–3 means mild pain that the patient could
endure;4–6 indicates that the patient is in tolerable pain that
affects sleep; and 7–10 means the patient had intense pain
and was unable to tolerate the pain.

Oswestry Disability Index
ODI is a principal condition- specific outcome measure used
in the management of spinal disorders, and to assess patient
progress in routine clinical. It is used to assess the impact of
spinal diseases on patients’daily lives. The ODI score system
includes 10 sections: patient’s pain intensity, personal life
care status, lifting, walking, sitting, standing, sleeping, sex
life, patient’s social life, and traveling. For each section of the
six statements, the total score is 5. The first statement is mar-
ked with the score “zero,” the last one is marked as “five.”
Intervening statements are scored according to patient situa-
tion. If more than one box is marked in a section, the highest
score is taken. If all 10 sections are completed the score is
calculated as follows: total scored/50 (total possible score)
× 100%. If one section is missed (or not applicable), the
score is calculated as: total scored/45 (total possible score)
× 100%. Therefore, the final score may be summarized as:
(total score/[5 × number of questions answered]) × 100%. A
score of 0%–20% is considered mild dysfunction, 21%–40%
is moderate dysfunction, 41%–60% is severe disfunction, and
61%–80% is very severe disfunction. 80%–100% means
patients with very exaggerated symptoms.

Radiologic Assessment
All patients were evaluated by imaging according to relevant
indicators before surgery and during the follow-up. The ver-
tebral height and Cobb angle were recorded before operation,
2 days and 24 months after operation.

Cobb Angle
The Cobb angle is a measure of the curvature of the spine in
degrees. Spine radiographs, measure from the superior
endplate of a superior vertebra to the inferior endplate of an
inferior vertebra at a particular region of the vertebral col-
umn. The improvement of the intervertebral Cobb angle is

calculated by comparing the preoperative Cobb angle and
the postoperative Cobb angle. The better the Cobb angle
improvement, the better the kyphosis correction.

The Height of Vertebral Body
In the X-ray film, the height of the vertebral body is directly
measured. Draw tangent lines from the top and bottom of
the vertebral body, tangent to the anterior and posterior
edges of the vertebral body, and connect the tangent points
of the anterior and posterior edges respectively, and what
you get is the height of the anterior and posterior edges of
the vertebral body.

Complications
Common surgical complications include intraoperative
cement leakage and vertebral fracture, postoperative re-
fracture of adjacent vertebral bodies and internal fixation
loosening. All patients were evaluated preoperatively, at
2 days postoperatively, and at the final follow-up.

Bone Cement Leakage
Bone cement leakage refers to the situation where bone
cement flows from the vertebral body to the outside of the
vertebral body. Bone cement leakage can lead to serious
complications. This is also one of the indicators to evaluate
the effect of PVP surgery. X-ray film should be used for
cement leakage assessment according to the standard after
the operation.

Statistical Analysis
Measurement data were expressed as mean � standard devi-
ation (mean � SD). SPSS 19.0 statistical software (IBM,
Armonk, NY, USA) was used for one-way analysis of vari-
ance. P < 0.05 indicated a significant difference.

Results

General Patient Information
Twenty-two patients (14 females and 8 males; age: 58–81 years
old) with Kümmell disease, admitted from 2014 to 2018, were
enrolled in this study. All patients were followed up for
24 months. Causes of injury: 12 cases—fracture after fall; seven
cases—fracture without obvious inducement; and 3 cases—
fracture after sprain. Site of fracture: seven cases—T12; nine
cases—L1; three cases—L3; and three cases—T11 (Figs 2–4).

Clinical Improvement
This surgical method has achieved good results in improving
clinical symptoms. The VAS scores at 3 and 24 months after
operation were significantly lower than those recorded preop-
eratively (P = 0.000 for 3 months) (P = 0.000 for 24 months).
Additionally, there was no significant difference between
3 and 24 months after operation (P = 0.551) (Table 1).

The ODI index at 3 and 24 months after operation
were significantly lower than those recorded preoperatively
(P = 0.000 for 3 months) (P = 0.000 for 24 months).
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Additionally, there was no significant difference between
3 and 24 months after operation (P = 0.615) (Table 1).

Radiographic Improvement
Imaging data showed that the bone cement and screws were
in good position and did not move during postoperative and
follow-up. The anterior, middle and posterior heights of ver-
tebral body measured 2 days and 24 months after operation
were higher than that recorded preoperatively (P = 0.000, P

= 0.000, P = 0.000 for 2 days) (P = 0.000, P = 0.000, P
= 0.000 for 24 months), but there was no significant differ-
ence between the 2 days and 24 months postoperative
(P = 0.061, P = 0.160, P = 0.132).

The Cobb angle measured 2 days and 24 months after
operation was lower than that recorded preoperatively
(P = 0.000 for 2 days; P = 0.000 for 24 months), but there
was no significant difference between the 2 days and
24 months postoperative (P = 0.775) (Table 2).

A B C D E

F G H I J

Fig. 2 A 67-year-old-female patient who underwent percutaneous fixation combined with vertebroplasty for L1 Kümmell disease. (A–E) Preoperative

imaging showed L1 vertebral fracture with Kümmell changes. (F, G) Postoperative X-ray showed fine bone cement position and Kümmell disease

vertebral body height recovery. (H, I) Postoperative CT showed bone cement filling and fine internal fixation position. (J) Postoperatively 24 months

X-ray showed firm internal fixation, stable vertebral body height, and fine bone cement position.

A B C D E F

Fig. 3 A 81-year-old female patient who underwent percutaneous fixation combined with vertebroplasty for L1 Kümmell disease. (A, B) Preoperative

CT scan showing L1 fracture with IVC. (C, D) Postoperative X-ray showed fine bone cement position and Kümmell disease vertebral body height

recovery. (E, F) final follow-up X-rays revealing good internal fixation and bone cement position.
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Complication
There was no bone cement leakage and vertebral fracture
during the operation. During the follow-up period, there was
no re-fracture of the diseased vertebrae and internal fixation
loosening, but two cases of adjacent vertebral refracture com-
plications occurred, and the effect was good after PVP
treatment.

Discussion

Characteristics and Treatment Strategies of Kümmell
Disease
Kümmell disease is a special type of osteoporotic vertebral
compression fracture that is caused by local vertebral ische-
mic necrosis after trauma, which results in the occurrence of
a vacuum fissure and pseudoarthrosis9,15,16,21 More than

two-thirds of the patients enrolled in this study were affected
by various traumas. PVP or PKP surgery is a minor opera-
tion for the treatment of Kümmell disease, but its role in cor-
recting kyphosis is limited, while it frequently causes bone
cement leakage into the spinal canal and is not able to reset
the fracture block. Therefore, it is mostly used in Kümmell
disease only at stages I and II18,19. However, as the disease
progresses, Kümmell disease will gradually present stage III
symptoms, such as vertebral collapse, kyphosis, and even spi-
nal nerve compression15,16. Therefore, early intervention is
required. Symptomatic treatment that is appropriate for each
pathological stage should be applied. Patients with fractures
protruding into the spinal canal or with severe nerve com-
pression need to undergo surgical treatments, such as spinal
canal decompression. However, for patients with no neuro-
logical symptoms or mild neurological symptoms, surgical

A B C D E F

Fig. 4 A 58-year-old male patient who underwent percutaneous fixation combined with vertebroplasty for L3 Kümmell disease. (A, B) Preoperative CT

scan showing L3 fracture with IVC. (C, D) Postoperative X-ray showed fine bone cement position and Kümmell disease vertebral body height recovery.

(E, F) Final follow-up X-rays revealing good internal fixation and bone cement position.

TABLE 1 Comparison of VAS and ODI values before and after surgery (Mean � SD)

Cases Preoperative Postoperatively 3 months Postoperatively 24 months

VAS 22 7.59 � 0.59 2.86 � 0.83* 3 � 0.82*#

ODI (%) 22 71.5 � 8.84 31.68 � 6.21* 32.78 � 6.05*#

*indicates compared with preoperative P < 0.05, #indicatescompared with 3 months after operation P > 0.05.

TABLE 2 Comparison of vertebral height and Cobb angle before and after surgery (Mean � SD)

Cases Preoperative Postoperatively 2 days Postoperatively 24 months

Anterior vertebral height (mm) 22 13.08 � 4.49 23.46 � 4.72* 20.83 � 4.48*#

Middle vertebral height (mm) 22 12.93 � 3.53 23.12 � 3.05* 21.78 � 2.74*#

Posterior vertebral height (mm) 22 19.32 � 2.73 25.81 � 2.22* 24.74 � 1.93*#

Cobb angle (�) 22 28.24 � 8.95 9.57 � 4.63* 10.68 � 3.97*#

*indicates compared with preoperative P < 0.05, #indicates compared with 2 days after operation P > 0.05.
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procedures, including vertebroplasty, open reduction and
internal fixation combined with bone grafting, and open
reduction and internal fixation combined with vertebroplasty
are commonly used22–24.

Some studies have suggested that PKP combined with
hyperextension reset is effective for the treatment of
Kümmell disease25,26, but the correction of kyphosis is lim-
ited by this therapy, leading to the inability to effectively sup-
port the vertebral body, and thus prone to collapse again
after the operation. Therefore, this procedure is used only in
patients with no neurological symptoms and kyphosis that is
not more severe. Open reduction and internal fixation com-
bined with intervertebral body fusion can effectively resolve
nerve compression and correct kyphosis, it is commonly
used for patients with neurological dysfunction23,27. How-
ever, Kümmell disease is often accompanied with insufficient
blood supply of injured vertebrae7, therefore, bone nonunion
and severe trauma are prone to occur during bone graft
fusion, which will increase the risk to patients with physical
conditions. Internal fixation combined with bone cement is a
conventional method of treating kyphosis or a fracture in the
spine without neurological symptoms. However, the bone
mass of patients with Kümmell’s disease is reduced, and
there is a risk of screw loosening and removal over time20.
Therefore, some studies have suggested that bases on open
reduction and internal fixation, the bone cement can be used
to strengthen the nail path, which could increase the strength
of the control force28,29. Several clinical studies have shown
that this therapy is effective and has less failure of internal
fixation24,30, while another study concluded that there is no
significant difference between the efficacy of the pedicle
screw combined with bone cement and pedicle screw alone,
but the former therapy increases complications due to pro-
longed operation time and bone cement leakage31,32.

Safety and Efficacy of this Minimally Invasive Surgery
Our research group believes that patients with Kümmell’s
disease mostly develop the disease as a result of the non-
union of bones involved in compression fractures, with
extended duration of the disease, so it is urgent to improve
the quality of life of patients. Moreover, the patients are in
poor physical condition, therefore trauma minimizing strate-
gies should be adopted to relieve symptoms and restore lum-
bar stability. Percutaneous screw fixation shows a similar
efficacy compared with the therapy of open screw fixation,
but with less trauma and shorter duration of surgery and
hospital stay33–36, which are particularly important for
patients with Kümmell disease patients. It is direct and reli-
able to restore the height of the injured vertebra by a short
segment pedicle screw, which not only produces a stable
reduction effect on the anterior column and the middle col-
umn, but can also restore the fracture block to its original
position using the tension of the posterior longitudinal liga-
ment, and indirectly expanding the space of the spinal canal.

Clinical observations showed that it increased the
height of the anterior, middle and posterior margins of

the injured vertebrae, and decreased the Cobb angle. After
the injured vertebra is propped open, an eggshell-like negative
cavity inside the injured vertebra, which reduces the pressure
of bone cement injection and the risk of leakage19, and also
promotes the effective dispersion of bone cement into the
loose bone trabecular space, fully fills the crevice between the
opening and the necrosis, and better reconstructs the anterior
and middle column of the diseased vertebra allowing it to
play a good supporting role. The resulting VAS score and
ODI index were found to have significantly decreased. In
addition, the filled bone cement can effectively disperse the
stress load of the upper and lower pedicle screws, which pre-
vents further collapse. The height of the front, middle and
rear edges and the Cobb Angle of the injured vertebra can be
effectively maintained after operation.

Concept of Minimally Invasive Treatment
Percutaneous pedicle screw fixation combined with ver-
tebroplasty conforms to the concept of minimally invasive
treatment. It is suitable for patients with stage III Kümmell
disease without neurological symptoms. During the opera-
tion, the intervertebral space should be carefully enlarged to
avoid damage to the fixed vertebra. Incision decompression
combined with PVP therapy can also be used for patients
with neurological symptoms, but this therapy has some disad-
vantages, such as loosening of internal fixation. If loosening
occurs, removal of internal fixation and bone grafting can be
considered. These patients often suffer from osteoporosis,
poor bone quality, and easy fracture during distraction, there-
fore, caution should be exercised during surgery. There are
also cases of adjacent vertebral refracture, which may have
been caused by an imbalance of mechanical distribution
between vertebral bodies37–39, but most studies indicated that
the main cause of refracture is not PVP but osteoporosis40–43.

Limitations
The less then clinical sample and the lack of control studies
on other treatment methods, may limit the reliability of this
study, therefore further research is needed.

Conclusions
Percutaneous distraction and internal fixation could correct
the deformity, relieve nerve compression, and combined with
PVP can be used to restore the height of the injured verte-
brae, which leads to early stability. In general, the whole pro-
cess is minimally invasive, has reliable curative effect,
negligible surgical trauma, quick postoperative recovery, and
short bed rest time. However, the treatment of Kümmell dis-
ease is a continuous process. In addition to surgery that can
be used to resolve the main symptoms, it is necessary for
standardized anti-osteoporosis treatment to be continued.
Appropriate health education to prevent falls and avoid
fracture recurrence will help decrease the occurrence of
Kümmell disease.
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