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Abstract
Osteoporotic vertebral compression fractures of the thoracolumbar spine can progress to Kümmell’s disease, an avascular 
vertebral osteonecrosis. Vertebral augmentation (VA)—vertebroplasty and/or kyphoplasty—is the main treatment modal-
ity, but additional short-segment fixation (SSF) has been recommended concomitant to VA. The aim is to compare clinical 
and radiological outcomes of VA + SSF versus VA alone. Systematic review, including comparative articles in Kümmell’s 
disease, was performed. This study assessed the following outcome measurements: visual analog scale (VAS), Oswestry 
Disability Index (ODI), anterior vertebral height (AVH), local kyphotic angle (LKA), operative time, blood loss, length of 
stay, and cement leakage. Six retrospective studies were included, with 126 patients in the VA + SSF group and 152 in VA 
alone. Pooled analysis showed the following: VAS, non-significant difference favoring VA + SSF: MD –0.61, 95% CI (–1.44, 
0.23), I2 91%, p = 0.15; ODI, non-significant difference favoring VA + SSF: MD –9.85, 95% CI (–19.63, –0.07), I2 96%, 
p = 0.05; AVH, VA + SSF had a non-significant difference over VA alone: MD –3.21 mm, 95% CI (–7.55, 1.14), I2 92%, 
p = 0.15; LKA, non-significant difference favoring VA + SSF: MD –0.85°, 95% CI (–5.10, 3.40), I2 95%, p = 0.70. There 
were higher operative time, blood loss, and hospital length of stay for VA + SSF (p < 0.05), but with lower cement leakage 
(p < 0.05). VA + SFF and VA alone are effective treatment modalities in Kümmell’s disease. VA + SSF may provide superior 
long-term results in clinical and radiological outcomes but required a longer length of stay.
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Introduction

Kümmell’s disease is defined as the presence of avascular 
osteonecrosis of the vertebral body, creating a pseudoarthro-
sis. It is well recognized as a complication of osteoporotic 
vertebral compression fracture (OVCF) with consequent 
development of spinal instability, pain, kyphosis, disabil-
ity, and eventually neurological compromise [14], generally 
after a minor spinal trauma [12].

Treatment strategies for Kümmell’s disease may be non-
operative, with pain medication and bracing [7]. However, it 
may need to be surgically managed when pain is refractory, 
there is deformity progress, or neurological deficit appears. 
Vertebral augmentation (VA), with percutaneous kyphop-
lasty (PKP) or percutaneous vertebroplasty (PVP), has suc-
cessfully restored vertebral height and decreased pain in 
some clinical series [7, 10]. However, despite the low associ-
ated morbidity of these procedures, late-onset complications 

 *	 Juan P. Cabrera 
	 jucabrera@udec.cl

1	 Department of Neurosurgery, Hospital Clínico Regional de 
Concepción, San Martín 1436, Concepción, Chile

2	 Faculty of Medicine, University of Concepción, Concepción, 
Chile

3	 Department of Orthopaedic and Traumatology, Institute 
of Orthopedics “Carlos E. Ottolenghi” Hospital Italiano de 
Buenos Aires, Buenos Aires, Argentina

4	 Spine Unit, Orthopedic Department, Hospital Español de 
Mendoza, Mendoza, Argentina

5	 Department of Neurosurgery, São Vicente de Paulo Hospital, 
University of Passo Fundo, Passo Fundo, Rio Grande do Sul, 
Brazil

6	 Department of Neurosurgery, University of Campinas 
(UNICAMP), Campinas, São Paulo, Brazil

/ Published online: 1 October 2021

Neurosurgical Review (2022) 45:1009–1018

http://orcid.org/0000-0003-4685-6106
http://orcid.org/0000-0002-5684-7679
http://orcid.org/0000-0001-9162-6508
http://orcid.org/0000-0001-6339-2214
http://orcid.org/0000-0002-0404-652X
http://orcid.org/0000-0003-2645-0483
http://crossmark.crossref.org/dialog/?doi=10.1007/s10143-021-01661-8&domain=pdf


1 3

may occur, such as mechanical failure, progressive deform-
ity, and pain [8, 22].

To improve the results of VA, some surgeons proposed 
adding short-segment fixation (SSF)—one level above and 
one level below—to improve construction strength [17]. 
Both surgical treatments have been considered valid options 
for this disease, without clear superiority of one over the 
other in literature [23]. Therefore, the aim of this study 
is to investigate the clinical and radiological outcomes of 
thoracolumbar Kümmell’s disease treated with VA versus 
VA + SSF.

Materials and methods

We performed a systematic review of the literature using 
PubMed, Web of Science, and Scopus databases during Sep-
tember 2020, to identify studies reporting the outcome of 
thoracolumbar Kümmell’s disease treated with VA + SSF or 
VA alone. The systematic review was reported in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) [15].

The following PICO acronym was used:

P (Population): adult patients with thoracolumbar Küm-
mell’s disease.

I (Intervention): VA + SSF.
C (Comparison): VA alone.
O (Outcome): visual analog scale (VAS), Oswestry Dis-

ability Index (ODI), anterior vertebral height (AVH), local 
kyphotic angle (LKA), length of surgery, blood loss, length 
of stay, and cement leakage.

Search strategy and inclusion and exclusion criteria

One author (J.P.C.) performed the database search and 
initially screened articles published from January 2010 to 
September 2020. The screening process of all articles was 
performed using titles and abstracts; the selected articles 
were analyzed for eligibility in full text and assessed by 2 
other independent reviewers (A.G. and G.C.W.). A mismatch 
of one article was resolved by a third reviewer (A.F.J.), and 
that article was subsequently excluded. None of the authors 
had any conflict of interests related to this systematic review. 
Figure 1 shows the flow chart of the search strategy.

The following terms were used in the advanced search 
of the databases screened: (“Kümmell”[All Fields] OR 

Fig. 1   PRISMA flow diagram 
for identification and selection 
of studies
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“Kummell’s”[All Fields] OR “osteonecrosis”[MeSH Terms] 
OR “osteonecrosis”[All Fields] OR “osteonecrosis”[All 
Fields] OR “vertebral compression fracture”[All Fields] 
OR “vacuum cleft”[All Fields]) AND ((fixation OR instru-
mentation OR “hybrid stabilization” OR “short segment”) 
[All Fields] AND (augmentation OR vertebroplasty OR 
Kyphoplasty) [All Fields]). Records were filtered from 2010 
to date, only in English literature, excluding studies related 
to animals and cadavers.

The inclusion criteria used were comparative case series 
between VA + SSF and VA alone, using pedicle screw instru-
mentation, either open or percutaneous, with or without 
inclusion of the fractured vertebra; patients with single-level 
osteoporotic fracture of the thoracolumbar spine in a non-
acute scenario; studies analyzing patients with the diagnosis 
of Kümmell’s disease or delayed treatment of vertebral com-
pression fractures after failure of medical treatment, pseu-
doarthrosis/nonunion, or presence of intravertebral vacuum 
cleft; and studies with a minimum follow-up of 6 months.

The exclusion criteria were the patients with spinal cord 
compression, those with neurological deficits, and studies 
not reporting results of both surgical techniques separately.

Evidence quality assessment and risk of bias

The risk of bias of all included studies was performed using 
the MINORS assessment tool [19] for non-randomized 
studies evaluated by two independent reviewers. Using this 
instrument, the quality for comparative studies according 
to the scores is as follows: 0–6, very low quality; 7–12, low 
quality; 13–18, moderate quality; and 19–24, high quality 
[16].

Data synthesis and statistical analysis

Data analysis and synthesis were performed using Review 
Manager (RevMan) (computer program) version 5.4.1, The 
Cochrane Collaboration, 2020. For continuous variables, 
the mean difference with a 95% CI was calculated, and for 

dichotomous outcomes, the odds ratio with a 95% CI by 
the Mantel–Haenszel method. For non-randomized studies, 
the outcomes VAS, ODI, AVH, and LKA were compared 
between experimental and control groups, using the change-
from-baseline method, calculating mean difference change 
from preoperative to the final follow-up. Statistical hetero-
geneity among studies was evaluated using I2 test; the fixed-
effect model was used if I2 < 50%, while the random-effect 
model was employed when I2 > 50%. A p value < 0.05 was 
considered significant.

Results

A total of 235 articles were found in the initial search of 
all three databases used. After 31 duplicated articles were 
removed, 204 articles were analyzed and 186 of them were 
excluded. A total of 18 full-text articles were analyzed by 
reviewers, with six studies fully included [1, 5, 6, 9, 10, 
23]. The search mechanism used in the systematic review 
is shown in Fig. 1.

The six articles included in this systematic review are 
summarized in Table 1. All articles included are non-rand-
omized retrospective studies and were consequently assessed 
for the level of perceived risk of bias using the MINORS 
assessment tool [19]; the result was five studies [5, 6, 9, 
10, 23] with moderate quality and one study [1] with high 
quality.

Patient demographics

Patient characteristics related to age and gender are 
provided in all the studies included [1, 5, 6, 9, 10, 23], 
and bone mineral density (BMD) was analyzed in four 
of the six studies [1, 6, 9, 23]; all cases have a density 
range of osteoporosis, without significant differences 
between both groups. In the Chen et al. [1] study, BMD 
was − 3.45 in the VA group and − 2.97 in the VA + SSF 
group (p = NR). Regarding the Kim et al. [9] study, BMD 

Table 1   Summary of the six included studies in this systematic review

VA, vertebral augmentation; SSF, short-segment fixation; BCA, bone cement-augmented; PVP, vertebroplasty; PKP, kyphoplasty; I-VEP, intra-
vertebral expandable pillars

First author Year Country Study design MINORS 
score [10]

Patients, 
VA + SSF / VA

Treatment, VA + SSF / VA Follow-up

Hsieh [5] 2013 Taiwan Retrospective 17/24 22/24 I-VEP + SSF/PKP 12 months
Chen [1] 2015 China Retrospective 19/24 23/31 PVP + SSF/PKP 8–42 months
Kim [9] 2016 South Korea Retrospective 16/24 18/31 BCA + SSF/PVP 24 months
Li [10] 2017 China Retrospective 18/24 21/25 PVP + SSF/PKP  > 24 months
Huang [6] 2018 China Retrospective 17/24 28/32 BCA + SSF/PKP 12–36 months
Wang [23] 2020 China Retrospective 14/24 14/9 BCA + SSF/PKP 12–38 months
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was − 3.61 ± 0.57 in the VA group, while − 3.55 ± 0.59 
in the VA + SSF group (p = NR). Huang et  al. [6] 
reported − 3.36 ± 0.4 in the VA group and − 3.42 ± 0.4 in 
the VA + SSF group (p = 0.627) for BMD. Finally, Wang 
et al. [23] reported BMD of − 3.4 ± 0.6 in the VA group 
and − 3.5 ± 0.8 in the VA + SSF group (p = 0.538). There-
fore, comparing these reported demographic characteris-
tics regarding BMD, the groups are comparable and it was 
not a significant factor on the decision-making of type of 
treatment. Table 2 summarizes the demographic charac-
teristics of patients from both groups, and a summary of 
the main specific outcomes extracted from the six articles 
included in this systematic review is shown in Table 3.

Notably, only two studies [1, 23] reported results with 
a clinical stage classification system of Kümmell’s dis-
ease with a similar number of treated patients according 
to the stages assessed with the Steel and Li classifica-
tions [1], while the study of Wang et al. [23] preferably 
according to the pattern of the intravertebral vacuum cleft 
rather than the stage of the disease and not affecting the 
decision on treatment modality between these two com-
parable groups.

Clinical outcomes

Visual analog scale

VAS was analyzed in all six studies [1, 5, 6, 9, 10, 23] 
included in this systematic review. Overall, all authors 
reported significant improvement between preoperative and 
postoperative VAS at the final follow-up; these results were 
observed in both treatment modalities without significant 
differences between them, except in the study of Kim et al. 
[9], with significant difference favoring VA + SSF (p < 0.05) 
(Table 4). In the pooled analysis, there was a non-significant 
difference favoring VA + SSF over VA alone: MD − 0.61, 
95% CI (− 1.44, 0.23), I2 91%, p = 0.15 (Fig. 2a).

Oswestry Disability Index

ODI was measured in four studies [6, 9, 10, 23]. In gen-
eral, all authors reported significant improvement between 
preoperative and postoperative ODI score, without signifi-
cant differences between VA and VA + SSF, except for Kim 
et al. [9]; they reported superiority of VA + SSF over VA 
(p < 0.05) (Table 4). The pooled analysis showed a non-sig-
nificant difference between both groups, slightly favoring 

Table 2   Patient demographics of the six included studies

* Mean age in years. NR, not reported; VA, vertebral augmentation; SSF, short-segment fixation; BMD, bone mineral density
( ±) SD

First author (year) Age* Gender (male / female) BMD (T-score)

VA + SSF VA p value VA + SSF VA p value VA + SSF VA p value

Hsieh [5] (2013) 73.6 ± 6.5 79.3 ± 7.0 NR 3 / 19 7 / 17 NR NR NR -
Chen [1] (2015) 69.8 (64–76) 72.8 (61–83) NR 3 / 20 6 / 25 NR  − 2.97  − 3.45 NR
Kim [9] (2016) 69.5 ± 5.1 71.1 ± 3.9 NR 3 / 15 9 / 21 NR  − 3.55 ± 0.59  − 3.61 ± 0.57 NR
Li [10] (2017) 74.6 ± 6.5 71.2 ± 7.8 0.12 6 / 15 6 / 19 NR NR NR -
Huang [6] (2018) 69.8 ± 6.0 70.5 ± 5.8 0.640 6 / 22 8 / 24 0.744  − 3.42 ± 0.4  − 3.36 ± 0.4 0.627
Wang [23] (2020) 70.3 ± 7.8 69.2 ± 8.5 0.895 3 / 11 2 / 7 0.533  − 3.5 ± 0.8  − 3.4 ± 0.6 0.538

Table 3   Reporting on specific outcomes

VA, vertebral augmentation; SSF, short-segment fixation; VAS, visual analog scale; ODI, Oswestry Disability Index; AVH, anterior vertebral 
height; LKA, local kyphotic angle; LOS, length of stay

First author (year) Nº patients 
(VA + SSF / 
VA)

VAS ODI AVH LKA Operative time Blood loss LOS Cement leakage

Hsieh [5] (2013) 22 / 24 √ X √ √ X X X X
Chen [1] (2015) 23 / 31 √ X √ √ √ √ √ √
Kim [9] (2016) 18 / 31 √ √ X √ √ √ X X
Li [10] (2017) 21 / 25 √ √ X √ √ √ X √
Huang [6] (2018) 28 / 32 √ √ X √ √ √ √ √
Wang [23] (2020) 14 / 9 √ √ √ √ X X X √
Totals (VA + SSF / VA) 126 / 152 126 / 152 81 / 97 77 / 95 126 / 152 90 / 119 90 / 119 51 / 63 9 / 20
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VA + SSF: MD − 9.85, 95% CI (− 19.63, − 0.07), I2 96%, 
p = 0.05 (Fig. 2b).

Radiological outcomes

Anterior vertebral height

AVH was analyzed in three studies [1, 5, 23]; all of these 
showed a slightly better restoration of the VA + SSF group, 
without significant differences (Table 5). In pooled analysis, 
VA + SSF had a non-significant difference over VA alone: 

MD − 3.21 mm, 95% CI (− 7.55, 1.14), I2 92%, p = 0.15 
(Fig. 3a).

Local kyphotic angle

LKA was measured in all studies [1, 5, 6, 9, 10, 23]. From 
them, three studies [8, 13, 14] reported better kyphotic angle 
correction with VA + SSF, two studies [6, 10] reported 
similar correction between both surgical treatments, and 
one study [5] showed better LKA restoration with VA 
(Table 5). There was a non-significant difference between 

Table 4   Preoperative and final follow-up results according to clinical outcomes

* p < 0.05 between groups at final follow-up; ( ±) SD
NR, not reported; VA, vertebral augmentation; SSF, short-segment fixation; VAS, visual analog scale; ODI, Oswestry Disability Index

First author (year) VAS ODI

VA + SSF p value VA p value VA + SSF p value VA p value

Hsieh [5] (2013) 8.9 ± 0.7–1.5 ± 1.3 NR 7.95 ± 0.61–
2.08 ± 0.72

NR NR - NR -

Chen [1] (2015) 7.2 ± 1.6–3.5 ± 1.2  < 0.05 7.8 ± 0.9–2.9 ± 0.9  < 0.05 NR - NR -
Kim [9] (2016) 9.00 ± 0.84–

2.67 ± 1.03*
 < 0.05 8.90 ± 0.83–

3.71 ± 1.27*
 < 0.05 78.28 ± 3.85–

28.00 ± 5.48*
 < 0.05 77.90 ± 1.83–

37.77 ± 11.06*
 < 0.05

Li [10] (2017) 7.0 ± 1.4–1.2 ± 0.9 NR 6.6 ± 1.5–1.3 ± 0.9 NR 77.5 ± 10.6–
26.0 ± 6.3

NR 72.5 ± 10.0–
27.2 ± 9.0

NR

Huang [6] (2018) 8.0 ± 0.9–2.7 ± 1.3  < 0.05 8.1 ± 0.8–2.9 ± 1.2  < 0.05 74.4 ± 5.1–33.1 ± 4.4  < 0.05 75.3 ± 5–34.4 ± 5  < 0.05
Wang [23] (2020) 8.9 ± 1.2–2.2 ± 0.7  < 0.05 9.1 ± 0.7–3.9 ± 0.5  < 0.05 84.5 ± 5.9–31.1 ± 3.4  < 0.05 77.5 ± 7.3–

47.1 ± 3.9
 < 0.05

Fig. 2   Forest plot of the included studies comparing VA + SSF versus VA alone in clinical outcomes: a visual analog scale and b Oswestry Dis-
ability Index
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both treatment modalities: MD − 0.85°, 95% CI (− 5.10, 
3.40), I2 95%, p = 0.70 (Fig. 3b).

Other outcomes

Operative time, blood loss, and hospital length of stay

Four studies compared blood loss and operative time [1, 6, 
9, 10]. Significantly higher blood loss and operative time 
were reported in all studies for the group VA + SSF. Hospi-
tal length of stay was mentioned in two studies [1, 6]; both 

authors observed significantly higher hospital stay in the 
VA + SSF group.

Chen et al. [1] reported minimal blood loss, mean oper-
ative time of 76 min (60–95), and mean hospital stay of 
4.3 days in the VA group, while VA + SSF revealed blood 
loss of 245 mL, mean operative time of 128 min (95–165), 
and hospital stay of 7.2 days (p = NR). Kim et al. [9] reported 
VA + SSF estimated blood loss of 91.1 ± 15.4 mL and oper-
ative time 64.7 ± 15.4 min; both these parameters are not 
mentioned in the VA group. Li et al. [10] reported blood 
loss of 5.3 ± 3.1 mL and operative time of 43.2 ± 21.8 min 
in the VA group, compared with 215.0 ± 170.2 mL of blood 

Table 5   Preoperative and final follow-up results according to radiological outcomes

* p < 0.05 between groups at final follow-up; **p < 0.001 between groups at postoperative; ( ±) SD
NR, not reported; VA, vertebral augmentation; SSF, short-segment fixation; AVH, anterior vertebral height; LKA, local kyphotic angle

First author (year) AVH (mm) LKA (°)

VA + SSF p value VA p value VA + SSF p value VA p value

Hsieh [5] (2013) 12.44 ± 6.22–
19.57 ± 3.89

NR 15.54 ± 7.22–
21.36 ± 6.24

NR 18.17 ± 8.61–
9.67 ± 5.18**

NR 21.58 ± 4.35–
2.75 ± 2.72**

NR

Chen [1] (2015) 13.6 ± 2.5–17.7 ± 2.3  < 0.05 14.8 ± 2.4–17.9 ± 2.2  < 0.05 24.7 ± 9.2–
15.8 ± 5.6

 < 0.05 22.7 ± 6.9–
15.5 ± 5.2

 < 0.05

Kim [9] (2016) NR - NR - 15.6 ± 3.7–
9.6 ± 2.6*

 < 0.05 14.9 ± 0.3–
14.2 ± 0.3*

 < 0.05

Li [10] (2017) NR - NR - 21.7 ± 3.6–
16.5 ± 2.8

NR 22.8 ± 7.4–
17.0 ± 7.2

NR

Huang [6] (2018) NR - NR - 22.6 ± 5.9–
14.0 ± 4.4

 < 0.05 22.9 ± 3.9–
15.1 ± 4.6

 < 0.05

Wang [23] (2020) 15.4 ± 3.6–23.1 ± 1.7  < 0.05 20.7 ± 2.3–21.2 ± 1.9  > 0.05 19.3 ± 2.8–
11.3 ± 0.9

 < 0.05 8.9 ± 1.2–8.1 ± 0.7  > 0.05

Fig. 3   Forest plot of the included studies comparing VA + SSF versus VA alone in radiological outcomes: a anterior vertebral height and b local 
kyphotic angle
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loss and 230.6 ± 87.1 min of operative time in the VA + SSF 
group (p = NR). Finally, Huang et al. [6] reported the fol-
lowing outcomes for VA and VA + SSF, respectively: blood 
loss (9.9 ± 2.7 mL/214.3 ± 17.5 mL) (p < 0.05), operative 
time (43.1 ± 7.1 min/115.9 ± 10 min) (p < 0.05), and hospi-
tal length of stay (3.4 ± 1.2 days/7.6 ± 1.3 days) (p < 0.05). 
The results demonstrated lower values for the VA group in 
all three factors. In pooled analysis, the three outcomes—
operative time, blood loss, and length of stay—showed a 
significant difference favoring VA alone over VA + SSF. 
Operative time: MD 128.46 min, 95% CI (16.20, 240.72), 
I2 97%, p = 0.02 (Fig. 4a); blood loss: MD 204.44 mL, 
95% CI (197.92, 210.97), I2 0%, p < 0.00001 (Fig. 4b); and 
length of stay: MD 3.56 days, 95% CI (2.28, 4.83), I2 87%, 
p < 0.00001 (Fig. 4c).

Cement leakage

Cement leakage was analyzed in four studies [1, 6, 10, 23]. 
Chen et al. [1] reported cement leakage in 11 cases (4 intra-
discal, 3 paravertebral, and 4 intracanal), without neurologi-
cal compromise, in the VA group, whereas in the VA + SSF 
group, five cases of leakage were observed; one of them 
underwent prophylactic decompression without neurologi-
cal compromise. Li et al. [10] observed two cases of cement 
leakage in the VA group (8%), and one case of cement leak-
age (4.2%) in the VA + SSF group. Huang et al. [6] showed 

three asymptomatic cement leakages in the VA group and 
three asymptomatic cement leakages in the VA + SSF group. 
Finally, Wang et al. [23] reported four cases of cement leak-
ages in the VA group. The pooled analysis of cement leak-
age showed a non-significant difference between the groups, 
slightly favoring VA + SSF over VA alone: OR 0.47, 95% CI 
(0.20, 1.07), I2 14%, p = 0.07 (Fig. 5).

Any complication in the VA + SSF group occurred in 24 
patients (19.0%), while in 23 patients (15.1%) in the VA 
group. The complications reported other than cement leak-
age in the six studies included are provided in Table 6.

Discussion

Surgical treatment of Kümmell’s disease is indicated after 
failure of non-operative management, and the decision-mak-
ing regarding the best surgical strategy is still under debate. 
In our systematic review, we found six [1, 5, 6, 9, 10, 23] 
relevant descriptive articles comparing VA + SSF versus 
VA alone for the surgical treatment of Kümmell’s disease. 
Overall, all articles showed significant clinical improvement 
with both treatment modalities, with potentially better clini-
cal and radiological results in the SSF group at the cost of a 
major operative time, major blood loss, and longer hospital 
stay [6, 9, 10, 23].

Fig. 4   Forest plot of the included studies comparing VA + SSF versus VA alone in a operative time, b blood loss, and c length of stay
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When considering radiological parameters, VA + SSF 
has shown better LKA correction and AVH restoration as 
compared to VA alone [1, 5, 9, 23]. The use of short-seg-
ment pedicle screws may allow further correction with rod 
maneuvers, which may explain the improvement in LKA. 
The rational to add SSF in VA is to avoid further collapse, 
delayed cement displacement, and refracture, which has 
been reported in some studies when patients with Kümmell’s 
disease were treated with VA alone [11, 20, 25]. The unique 
pattern of cement filling in an empty space instead of cement 
diffusion with trabecular bone observed in acute osteoporo-
tic fractures has been mentioned as a possible cause of poor 
stability in Kümmell’s disease patients [22].

PVP and PKP alone in the surgical treatment of OVCF 
with intravertebral cleft have been compared, demonstrat-
ing similar results in VAS, ODI, LKA, and AVH. However, 
kyphoplasty was associated with lower complication rates, 
especially cement leakage—potentially explained by the 
fact that in kyphoplasty, the cement is injected with lower 

pression [24]. This is of paramount importance when VA 
alone has been chosen. Of note, both minimally invasive 
techniques can be associated with delayed onset cement 
dislodgement in the context of vacuum cleft, leading to a 
circumferential instrumentation as a revision surgery [3]. 
SSF treatment possibly reduces the rate of failure and the 
occurrence of this undesired complication.

Potential advantages of VA + SSF are that it can effec-
tively shorten the entire construct [18], and biomechanically, 
it possibly reduces the load of dorsal implants and possibly 
the risk of implant failure [4]. VA alone, using PKP, can 
develop a new collapse of the cemented vertebrae during 
mid-term follow-up, being associated with the presence of 
an intravertebral cleft, a lack of contact between injected 
cement and endplates, and increased postoperative vertebral 
height [21]. However, a recent clinical analysis comparing 
PKP versus PVP + SSF found that these two surgical meth-
ods had a similar effect on improving the studied outcomes 
(VAS, ODI, LKA), with similar cement leakage [13].

Fig. 5   Forest plot of the included studies comparing VA + SSF versus VA alone in cement leakage

Table 6   Postoperative complications of the six studies included by treatment groups

Complications as reported in the original six studies included
** One of them underwent prophylactic decompression without neurological compromise

First author (year) VA + SSF VA

N Frequency, N (%) Postoperative complications (N) N Frequency, N (%) Postoperative complications (N)

Hsieh [5] (2013) 22 2 (9) Right leg weakness (1); New vertebral 
fracture (1)

24 1 (4.2) New vertebral fracture (1)

Chen [1] (2015) 23 6 (26) Cement leakage (5)**; Hardware 
removal (1)

31 11 (35.4) Cement leakage (11)

Kim [9] (2016) 18 6 (33.3) Screw breakage (1); Screw pullout (1); 
Atelectasis (2); New vertebral fracture 
(1); Superficial wound infection (1)

31 2 (6.4) Severe vertebral collapse (2)

Li [10] (2017) 21 3 (14.3) Cement leakage (1); Superficial wound 
infection (2)

25 2 (8) Cement leakage (2)

Huang [6] (2018) 28 6 (21.4) Cement leakage (3); Urinary infection 
(1); Pneumonia (1); Delayed wound 
healing (1)

32 3 (9.3) Cement leakage (3)

Wang [23] (2020) 14 1 (7.4) Wound healing (1) 9 4 (44.4) Cement leakage (4)
Total 126 24 (19.0%) 152 23 (15.1%)
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The surgical treatment at the time of diagnosis requires 
to be more aggressively performed than VA alone, due to 
the high rate of related complications during follow-up [11, 
25]. Comparing the same techniques in an acute scenario 
of OVCF, PVP alone is significantly associated to more 
fracture of the treated vertebrae and adjacent vertebras 
when compared to hybrid stabilization [2]. Even though the 
VA + SSF group had significant differences in terms of blood 
loss, operative time, and hospital length of stay, it was not 
associated with increased rates of cement leakage as was the 
case with the VA group.

This systematic review has some limitations that need to 
be addressed; on the one hand, our study included only six 
observational retrospective articles with a relatively small 
number of cases, with each of them having moderate qual-
ity of evidence. This could affect the strength of our results 
and, therefore, the quality of the systematic review. On the 
other hand, Kümmell’s disease is a relatively infrequent 
pathology, making it difficult to carry out larger prospective 
studies. Another limitation is that two studies did not report 
preoperative BMD [5, 6] that could influence the results 
due to the negative effect of osteoporosis in surgical treat-
ment of spinal conditions, as well as only two studies [1, 
23] used a clinical stage classification of the disease prob-
ably impacting the choice of treatment modality. Another 
limitation is related to the short time of follow-up for this 
pathology, requiring longer time of observation for detecting 
a wider spectrum of complications, and for assessing more 
accurately the superiority of one technique over the other. 
Finally, there are different procedures considered in vertebral 
augmentation, making the analysis more clinically heteroge-
neous as well as some outcomes in the pooled analysis with 
considerable statistical heterogeneity.

Nevertheless, this systematic review has also some 
strengths: first, the assessment of outcomes in a long fol-
low-up rather than a comparison between preoperative and 
postoperative outcomes; secondly, subsequent to the study 
design of the studies included—non-randomized—the dif-
ferent preoperative clinical and radiological outcomes were 
analyzed by arm, using the change-from-baseline, com-
paring the amount of improvement between experimental 
and control groups. Finally, it provides useful insights for 
a rare pathology that would be advisable when surgeons 
choose VA + SSF versus VA alone, using the best evidence 
available.

Conclusions

VA in combination with SSF or alone can effectively treat 
Kümmell’s disease of the thoracolumbar spine in neurologi-
cal intact patients, improving outcomes of VAS, ODI, AVH, 
and LKA significantly. However, VA + SSF is associated 

with a trend to have better clinical and radiological outcomes 
as well as lower rates of cement leakage, but with higher 
operative time, blood loss, and hospital length of stay than 
VA alone. Further studies are needed to increase the quantity 
and quality of evidence regarding this controversial topic 
and validate the best surgical treatment for this challenging 
disease.
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