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	 Background:	 The purpose of this study was to compare the efficacy of percutaneous kyphoplasty (PKP) and bone cement-
augmented short segmental fixation (BCA+SSF) for treating Kümmell disease.

	 Material/Methods:	 Between June 2013 and December 2015, 60 patients were treated with PKP or BCA+SSF. All patients were fol-
lowed up for 12–36 months. We retrospectively reviewed outcomes, including Oswestry Disability Index (ODI), 
visual analogue scale (VAS), and kyphotic Cobb angle.

	 Results:	 VAS, ODI, and Cobb angle, measured postoperatively and at the final follow-up, were lower than those mea-
sured preoperatively in both groups (P<0.05). VAS, ODI, and Cobb angle measured postoperatively demon-
strated no significant differences when compared with those measured at the final follow-up in the PKP group 
(P>0.05). In the BCA+SSF group, VAS and ODI at the final follow-up were lower than those measured postop-
eratively (P<0.05), but no significant difference was found in the Cobb angle (P>0.05). The PKP group had bet-
ter VAS and ODI than the BCA+SSF group, postoperatively (P<0.05). No significant difference was found in VAS 
and ODI at the final follow-up (P>0.05) or the Cobb angle measured postoperatively and at the final follow-up 
(P>0.05) between the 2 groups. Operative time, blood loss, and hospital stay in the PKP group were lower than 
those in the BCA+SSF group (P<0.05). No significant difference was found in complications (P>0.05).

	 Conclusions:	 PKP patients had better early clinical outcomes, shorter operation times and hospital admission times, and de-
creased blood loss, but had similar complications, radiographic results, and long-term clinical outcomes com-
pared with BCA+SSF patients.
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Background

Kümmell disease, as a complication of osteoporotic vertebral 
fractures (OVF), is not rare, especially with an increasing num-
ber of OVF cases reported in recent years [1]. Primary symp-
toms include intractable back pain, activity limitation, kyphosis 
progression, and delayed neurological deficits. Since Kümmell 
disease was first described in 1891, various reports have re-
garded this disease as a nonunion of OVF [2,3], intravertebral 
pseudarthrosis [4], delayed osteonecrosis [5,6], delayed col-
lapse after vertebral fracture [7], and intravertebral vacuum 
sign [8,9]. Although the concept and diagnosis of Kümmell 
disease are ambiguous, more and more cases are being rec-
ognized with the advancement of radiographic evaluations of 
vertebral status, particularly after the popularity of magnetic 
resonance imaging (MRI).

Treatment strategies for Kümmell disease differ between the 
patients with neurological symptoms and those without. For 
patients without neurological symptoms, the aim of the treat-
ment is to preserve movement in the diseased vertebra and 
to maintain the sagittal balance of the spine. Percutaneous 
kyphoplasty (PKP) and percutaneous vertebroplasty (PVP) re-
store the vertebral body height and correct the deformity, which 
help to achieve satisfactory effects in relieving pain. These 
procedures have been widely accepted for the treatment of 
Kümmell disease [10–12]. However, some reports have noted 
the occurrence of cement displacement and further collapse 
following PKP or PVP [13–15]. Therefore, bone cement aug-
mentation in combination with short-segment pedicle screw 
fixation (BCA+SSF) has been recommended to treat this par-
ticular condition in recent years. Some positive effects on pain 
relief and functional recovery have been reported following the 
elimination of vertebral instability by posterior short-segment 
fixation operation [16–18]. However, there is no consensus on 
the best treatment options for Kümmell disease. Meanwhile, 
there have been no comparative studies on PKP and BCA+SSF 
for treating Kümmell disease previously; thus, this study may 
provide a reference for the selection of therapeutic methods.

In this study, we compared the efficacy of PKP and BCA+SSF in 
treating Kümmell disease and explored suitable therapy options.

Material and Methods

Ethics statement

This retrospective study was approved by the Ethics Committee 
of Honghui Hospital, affiliated with Xi’an Jiaotong University. 
Written consent was obtained from all patients.

Patients

Between June 2013 and December 2015, 60 patients with 
Kümmell disease were treated at our center. These patients 
were divided into 2 groups (PKP or BCA+SSF) according to the 
surgical intervention used in their treatment. The PKP group 
consisted of 32 patients (8 males and 24 females), with ages 
ranging from 56 to 83 years (mean, 70.5±5.8 years). The T-score 
of lumbar spine bone mineral density ranged from –2.6 to –4.3 
standard deviation (SD), with a mean of -3.36±0.4 SD. The 
course of disease in the PKP group ranged from 1 to 7 months, 
with an average duration of 3.75±1.7 months. In contrast, the 
BCA+SSF group included 28 patients (6 males and 22 females), 
with their ages ranging from 54 to 81 years (mean, 69.8±6.0 
years). The T-score of lumbar spine bone mineral density ranged 
from –2.6 to –4.2 SD, with a mean of –3.42±0.4 SD. The course 
of disease in the BCA+SSF group ranged from 1 to 8 months, 
with an average duration of 3.82±1.8 months. Forty-two of 
the 60 patients underwent episodes of trauma. The general 
data of patients in both groups are shown in Table 1. All pa-
tients had severe back pain, and in all cases, the severity of 
back pain depended on the patient’s position. All patients un-
derwent conservative treatment for at least 1 month prior to 
admission. Patients with neurological deficits, tumor, infec-
tion, or previous spinal surgery were excluded from this study.

Surgical procedures

Patients in the PKP group received local anesthesia and were 
placed in a prone position, with pillows placed under the pel-
vis and upper chest to promote the reduction of the diseased 
vertebra. Bilateral transpedicular working channels were com-
pleted by cannula and trocar systems under fluoroscopic con-
trol. A balloon was then placed into the cavity of the intraverte-
bral cleft (IVC) in the collapsed vertebrae through the working 
channel. Satisfactory effects of the correction of kyphosis and 
vertebral height were predominantly noted after the balloon 
was inflated carefully. Finally, polymethylmethacrylate (PMMA) 
bone cement was injected slowly to the point at which it be-
came doughy and could stand at the tip of the bone cement 
inserter. The injection process was deemed complete when a 
large amount of cement was injected into the cavity of the in-
travertebral cleft (IVC). All the above processes were monitored 
under fluoroscopic control in the lateral plane.

For their procedures, the patients in the BCA+SSF group re-
ceived general anesthesia and were placed in a prone position. 
Pillows were placed under the diseased vertebra to restore the 
hyperextension of the spine preoperatively. It is known that 
the height of the vertebral body can be restored through this 
hyperextension position. We used a standard posterior mid-
line approach to expose the spinous processes, lamina, and 
facet joint, and 6 screws were inserted bilaterally into one 
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level above, one level below, and at the location of the col-
lapsed vertebra itself. After that, 6 pedicle screws were fixed 
with 2 rods. PMMA cement was injected slowly into the verte-
bral body after a proper recovery of the vertebral height, and 
this process was monitored under fluoroscopic control in the 
lateral plane. Allograft was then used to facilitate posterolat-
eral fusion. A crosslink was used in all patients. The incision 
was rinsed and hemostasis achieved. Finally, the wound was 
closed using a layer-to-layer suture.

Effectiveness evaluation

Impact on the patient’s daily life was evaluated using the 
Oswestry Disability Index (ODI). Back pain was assessed using 
the visual analogue scale (VAS) score. The kyphotic Cobb angle 
was measured using the lateral x-ray. All the above data were 
analyzed preoperatively, immediately after surgery, and at the 
final follow-up. Each patient underwent spinal x-ray, MRI, and 
computed tomography (CT) preoperatively, as well as X-rays 
postoperatively and during follow-up. Postoperative CT and 
MRI were performed selectively, depending on the patient’s 
condition. Additionally, the duration of surgery, blood loss, 
hospital stay, and complications were recorded and evaluated.

Statistical analyses

All analyses were performed using IBM SPSS Statistics for 
Windows, version 19.0 (IBM Corp., Armonk, NY, USA). All mea-
surement data were expressed as mean and SD. Pre- and post-
operative measurement data were compared using a paired t-
test. Statistical analyses between the 2 groups were performed 
using chi-square test or Fisher’s exact test for count data and 
Student’s t-test for measurement data. P<0.05 was considered 
to indicate a statistically significant difference.

Results

There were no statistically significant differences in general data 
(patients’ age, sex, medical history, and bone mineral density) 

between the 2 groups (Table 1). Follow-up data were record-
ed for every patient. The follow-up period ranged from 12 to 
36 months, with a mean of 24.5 months. The operation time 
(43.1±7.1 minutes) in the PKP group was significantly lower 
than that in the BCA+SSF group (115.9±10.0 minutes; P<0.05). 
Blood loss in the PKP group (9.9±2.7 mL) was significantly low-
er than that in the BCA+SSF group (214.3±17.5 mL; P<0.05). 
The length of hospital admission in the PKP group (3.4±1.2 
days) was significantly lower than that in the BCA+SSF group 
(7.6±1.3 days; P<0.05).

The VAS score, ODI score, and kyphotic Cobb angle immedi-
ately after the operation and at the final follow-up were sig-
nificantly lower than the respective preoperative readings in 
both groups (P<0.05). The VAS score, ODI score, and kyphot-
ic Cobb angle showed no significant differences when com-
paring immediate and final follow-up results in the PKP group 
(P>0.05). In the BCA+SSF group, VAS and ODI scores at the fi-
nal follow-up were significantly lower than those immediate-
ly after the operation (P<0.05). However, no significant differ-
ence was found in the kyphotic Cobb angle (P>0.05). The PKP 
group scored significantly lower than the BCA+SSF group in 
VAS and ODI immediately after the operation (P<0.05), but 
no significant difference was found in either VAS or ODI be-
tween the 2 groups at their final follow-up (P>0.05). There 
was no significant difference in the kyphotic Cobb angle be-
tween the 2 groups immediately after the operation and at 
final follow-up (P>0.05). The data of patients in both groups 
are shown in Tables 2–4.

Illustrative cases are shown in Figures 1 and 2. The final fol-
low-up reviews revealed that the fine cement or internal fix-
ation position yielded satisfactory radiographic results. Three 
patients experienced asymptomatic cement leakage in the PKP 
group. In the BCA+SSF group, 3 patients had asymptomatic 
cement leakage, one developed a urinary tract infection, one 
contracted pneumonia, and one experienced delayed wound 
healing. All of these patients recovered following conservative 
treatment. However, the study analysis indicated that there 
were no significant differences in complications between the 2 

PKP BCA+SSF P

Number of patients 32 28

Age (years) 	 70.5±5.8 	 69.8±6.0 0.640

Sex (Female/Male) 24/8 22/6 0.744

Medical history (month) 	 3.75±1.7 	 3.82±1.8 0.875

BMD (T score) 	 –3.36±0.4 	 –3.42±0.4 0.627

Table 1. General data of patients in 2 group.

PKP – percutaneous kyphoplasty; BCA+SSF – bone cement-augmented short segmental pedicle screw fixation; BMD – bone mineral 
density.
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groups (P>0.05). No nerve damage was found postoperatively, 
and no bone cement displacement was evident during follow-
up. Furthermore, there was no loosening, displacement, or frac-
ture of internal fixation seen at the final follow-up.

In summary, these results reveal that the 2 procedures achieved 
similar complications, radiographic findings, and long-term clin-
ical outcomes. However, PKP showed a superior result in ear-
ly clinical outcomes, with shorter operation and hospital ad-
mission times, and decreased blood loss.

Discussion

Kümmell disease occurs more frequently as a complication of 
OVF along with an increasing incidence of OVF (which most-
ly occurs in females older than 50 years). Although most cases 
of OVF can be treated conservatively with bed rest, analgesics, 

and a brace, at least 10% of patients develop nonunion [19]. 
However, this percentage may not represent the true incidence 
because many asymptomatic or unrecognized cases are not in-
cluded. The thoracolumbar junction, particularly the T12 verte-
bra, is the most commonly affected vertebral segment [5,13]. A 
series of significant risk factors for nonunion have been report-
ed, including the presence of a vertebral fracture in the thora-
columbar spine, the presence of a middle-column injury, and a 
confined high-intensity or a diffuse low-intensity area in the frac-
tured vertebrae on T2-weighted magnetic resonance (MR) imag-
ing [2]. Although the concept and diagnosis of Kümmell disease 
are ambiguous, an increasing number of cases continue to be 
recognized with the advancement of radiographic evaluations 
of vertebral status, particularly since the introduction and rise 
in popularity of MRI [20]. Of the available imaging techniques, 
radiographs are the least sensitive method for diagnosis. CT ex-
amination with coronal and sagittal reconstructed views bet-
ter demonstrates IVC, but MRI is the most sensitive method for 

Group n Preoperatively Immediately after surgery Final follow-up

PKP 32 	 8.1±0.8 	 2.8±0.8* 	 2.9±1.2*,***

BCA+SSF 28 	 8.0±0.9 	 3.8±0.7* 	 2.7±1.3*,**

Statistics t=0.284, P=0.777 t=–5.132, P=0.000 t=0.611, P=0.544

Table 2. Comparison of the VAS between 2 groups preoperatively, immediately after surgery, and at final follow-up.

* P<0.05 vs. preoperatively values; ** P<0.05 vs. immediately after surgery values; *** P>0.05 vs. immediately after surgery values. 
VAS – visual analog scale; PKP – percutaneous kyphoplasty; BCA+SSF – bone cement-augmented short segmental pedicle screw 
fixation.

Group n Preoperatively Immediately after surgery Final follow-up

PKP 32 	 75.3±5.0 	 33.5±3.7* 	 34.4±5.0*,***

BCA+SSF 28 	 74.4±5.1 	 38.3±4.8* 	 33.1±4.4*,**

Statistics t=0.730, P=0.469 t=–4.355, P=0.000 t=1.058, P=0.295

Table 3. Comparison of the ODI between 2 groups preoperatively, immediately after surgery, and at final follow-up.

* P<0.05 vs. preoperatively values; ** P<0.05 vs. immediately after surgery values; *** P>0.05 vs. immediately after surgery values. 
ODI – Oswestry Disability Index; PKP – percutaneous kyphoplasty; BCA+SSF – bone cement-augmented short segmental pedicle screw 
fixation.

Group n Preoperatively Immediately after surgery Final follow-up

PKP 32 	 22.9±3.9 	 14.5±3.8* 	 15.1±4.6*,**

BCA+SSF 28 	 22.6±5.9 	 13.6±3.9* 	 14.0±4.4*,**

Statistics t=0.253, P=0.802 t=0.927, P=0.358 t=0.974, P=0.334

Table 4. Comparison of the kyphotic Cobb angle between 2 groups preoperatively, immediately after surgery, and at final follow-up

* P<0.05 vs. preoperatively values; ** P>0.05 vs. immediately after surgery values. PKP – percutaneous kyphoplasty; BCA+SSF – bone 
cement-augmented short segmental pedicle screw fixation.
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detection of Kümmell disease due to its demonstration of soft 
tissue characteristics, including marrow edema and fluid within 
the IVC [3]. Clinically, Kümmell disease is diagnosed by a delayed 
collapse of the vertebra and dynamic instability that ultimately 
progresses to kyphosis with long-term back pain or nerve inju-
ry, in combination with noted evidence of IVC on the MR image.

There is no standard treatment and no single effective treat-
ment for Kümmell disease at present [12,21]. In general, reports 

suggest that conservative treatments are usually less effective, 
and that they have a risk of a high complication rate and de-
layed neurological deficit [21,22]. Many surgeons believe that 
Kümmell disease should be treated with surgical interven-
tion. Treatment methods differ for patients with neurological 
deficits and those without neurological deficits. For neurolog-
ically impaired patients, the aim of surgery is to relieve cord 
compression, eliminate spinal instability, and restore the sag-
ittal balance of the spine [16,17]. A variety of surgical options 

A B C

D E

Figure 1. �Female patient, aged 63 years, with back pain for 3 months, who underwent percutaneous kyphoplasty (PKP). 
(A–C) Preoperative lateral x-ray and CT scan showed L1 vertebral fracture with vacuum-like changes, MRI showed low signal 
of the necrotic area on T2-weighted images. (D, E) Postoperative x-ray showed that the cavity of intravertebral cleft was filled 
with bone cement, and the final follow-up review revealed fine cement position and satisfactory radiographic results.
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exists, including anterior-only, posterior-only, and combined 
anterior and posterior procedures [23–26]. For patients with-
out neurological deficit, the purpose of surgery is to preserve 
movement in the diseased vertebra and to maintain the bal-
ance of the spine. Many authors have reported that PKP or 
PVP achieved good clinical results for Kümmell disease in these 
patients [10–12]. To date, PKP and PVP have been widely ac-
cepted for use in the elderly with comorbidities, because they 
are less invasive than traditional fixation surgery and can help 
patients move early. Compared to previous studies, we also 
achieved similar effects in terms of pain relief and functional 
recovery following PKP in this study.

However, there are still some PKP problems requiring further 
examination. Recently, delayed cement displacement and fur-
ther collapse have been reported in cases of Kümmell disease 
treated by cement augmentation alone, along with poor bone 
incorporation of cement that was discovered after long-term 
follow-up [13–15]. A study suggested that cement augmen-
tation can provide anterior support in collapsed vertebrae, 
but the supporting outcome may not be enough because of 
the cement spreading into the bone [27]. Therefore, displace-
ment of the bone cement and further vertebral collapse may 
occur after PKP or PVP. In recent years, some researchers 
have recommended bone cement augmentation in combina-
tion with posterior fixation operation for this particular con-
dition [16–18], but there have been only a few such studies. 
In 2011, Lee et al. reported satisfactory results for 10 patients 
with Kümmell disease treated with vertebroplasty in combina-
tion with short segmental fixation [17]. In 2013, another study 
showed that posterior decompression with short-segment fix-
ation and fusion, combined with vertebroplasty, is an effective 
treatment for Kümmell disease, especially in patients who are 

unable to tolerate long surgical procedures and/or massive 
blood loss [16]. In 2015, Park et al. also achieved satisfactory 
results with 10 cases of Kümmell disease and severe osteopo-
rosis with bone cement-augmented percutaneous short-seg-
ment pedicle screw fixation [18].

In this study, the VAS score, ODI score, and kyphotic Cobb an-
gle immediately after surgery and at the final follow-up were 
significantly higher than they were preoperatively in both the 
PKP and BCA+SSF groups (P<0.05). This result shows that PKP 
and BCA+SSF are safe and effective treatments for patients with 
Kümmell disease without neurological deficits. Immediately af-
ter surgery, VAS and ODI scores in the PKP group were signif-
icantly lower than those in the BCA+SSF group, but there was 
no statistically significant difference in VAS and ODI scores 
between the groups at the final follow-up. The results in this 
study show that the PKP group had a better result with respect 
to early pain relief and the improvement of functional status 
than the BCA+SSF group, but the long-term effects were similar 
in both. This is possibly due to the BCA+SSF procedure causing 
greater trauma, which can affect early pain relief and function-
al recovery immediately after surgery. Additionally, there were 
no significant differences between VAS and ODI scores imme-
diately after surgery and at the final follow-up in the PKP group 
(P>0.05). Conversely, VAS and ODI scores at the final follow-
up were significantly lower than those measured immediate-
ly after surgery in the BCA+SSF group (P<0.05). These results 
show that BCA+SSF can effectively preserve motion segments 
and provide strong support and stability; hence, it can achieve 
satisfactory long-term clinical results.

The duration of surgery, blood loss, and hospital stay in the 
PKP group were significantly lower than those in the BCA+SSF 

A B C D E

Figure 2. �Female patient, aged 68 years, with back pain for 3 months, who underwent bone cement-augmented short segmental 
pedicle screw fixation. (A–C) Preoperative lateral x-ray and CT showed T12 vertebral fracture with intravertebral cleft, MRI 
showed low signal of the necrotic area on the T2-weighted images. (D, E) Postoperative and the final follow-up reviews 
showed fine bone cement-augmented internal fixation position and satisfactory radiographic results.
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group (P<0. 05). These results reveal that PKP is less invasive 
and can be performed more safely than BCA+SSF. This is espe-
cially important for elderly patients with comorbidities. Because 
Kümmell disease usually occurs in adults older than 50 years, 
the patients in this study were older and may have had many 
comorbidities and severe osteoporosis; thus, complex surgi-
cal methods could not be tolerated. Three patients in the PKP 
group had asymptomatic cement leakage, but no other com-
plications occurred. Among patients in the BCA+SSF group, 3 
had asymptomatic cement leakage, 1 acquired a urinary tract 
infection, 1 contracted a pulmonary infection, and 1 experi-
enced delayed wound healing. PKP is characterized by a lower 
risk for complications than internal fixation procedures in pre-
vious reports, but there was no significant difference in com-
plications between the 2 groups in this study (P>0.05). This 
may be related to the short follow-up time and small sample 
size of this study. Additionally, in this study, a mild reduction 
in kyphosis correction at the time of final follow-up was ob-
served in both groups, but the differences showed no statisti-
cal significance (P>0.05). The mean loss of kyphosis correction 
did not differ significantly from traditional posterior or anterior 
procedures in previous studies [17,23–26,28], although some 
reports have suggested that there is a risk of further kyphot-
ic deformity in patients with severe osteoporosis [13,16,17].

This study has some limitations. It was a retrospective com-
parative study, and no method was used to ensure unbiased 
randomization of the 2 groups. Additionally, the patient sam-
ple size was small, and data on long-term clinical outcomes 
and complications were not clear, due to an insufficient fol-
low-up duration. A prospective randomized controlled study 
would better assess the clinical outcomes of PKP and BCA+SSF 
for the treatment of Kümmell disease. Notably, we have de-
cided to perform a prospective randomized controlled study 
in the future.

Conclusions

This study revealed that PKP and BCA+SSF can both achieve 
satisfactory results in treating Kümmell disease. However, in 
comparison with BCA+SSF, PKP had better early clinical out-
comes, shorter operation and hospital admission times, and 
decreased blood loss, although they had similar complica-
tions, radiographic results, and long-term clinical outcomes.
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