
Background: Percutaneous balloon kyphoplasty (PKP) is widely used to treat osteoporotic vertebral 
compression fractures (OVCFs). In addition to rapid and effective pain relief, the ability to recover 
the lost height of fractured vertebral bodies and reduce the risk for complications are believed to be 
the main advantages of this procedure. However, there is no consensus on the appropriate surgical 
timing for PKP. 

Objectives: This study systematically evaluated the relationship between the surgical timing of 
PKP and clinical outcomes to provide more evidence for clinicians to choose the intervention timing.

Study Design: Systematic review and meta-analysis.

Methods: The PubMed, Embase, Cochrane Library, and Web of Science databases were 
systematically searched for relevant randomized controlled trials and prospective, and retrospective 
cohort trials published up to November 13, 2022. All included studies explored the influence of PKP 
intervention timing for OVCFs. Data regarding clinical and radiographic outcomes and complications 
were extracted and analyzed. 

Results: Thirteen studies involving 930 patients with symptomatic OVCFs were included. Most 
patients with symptomatic OVCFs achieved rapid and effective pain relief after PKP. In comparison 
to delayed PKP intervention, early PKP intervention was associated with similar or better outcomes 
in terms of pain relief, improvement of function, restoration of vertebral height, and correction of 
kyphosis deformity. The meta-analysis results showed there was no significant difference in cement 
leakage rate between early PKP and late PKP (odds ratio [OR] = 1.60, 95% CI, 0.97–2.64, P = 0.07), 
whereas delayed PKP had a higher risk for adjacent vertebral fractures (AVFs) than early PKP (OR = 
0.31, 95% CI: 0.13–0.76, P = 0.01).

Limitations: The number of included studies was small, and the overall quality of the evidence 
was very low. 

Conclusions: PKP is an effective treatment for symptomatic OVCFs. Early PKP may achieve similar 
or better clinical and radiographic outcomes for treating OVCFs than delayed PKP. Furthermore, early 
PKP intervention had a lower incidence of AVFs and a similar rate of cement leakage compared with 
delayed PKP. Based on current evidence, early PKP intervention might be more beneficial to patients. 

Key words: Percutaneous balloon kyphoplasty, osteoporotic vertebral compression fractures, 
osteoporosis, surgery, operative timing
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OOsteoporosis is a progressive, age-related 
illness that is increasing dramatically with 
the aging of the global population (1,2). This 

sharp increase has raised broader concerns regarding 
osteoporosis and osteoporosis-related fractures (3,4). 

Osteoporosis-related fractures play a vital role in 
the morbidity and mortality of elderly patients (5-7). 
Osteoporotic vertebral compression fractures (OVCFs), 
the most common osteoporosis-related fractures, 
are often accompanied by physiological lesions and 
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psychological sequelae, including severe back pain, loss 
of vertebral height, kyphotic deformity, negative mood, 
and even depression, particularly among the elderly (8-
12). These symptoms will periodically continue in some 
cases and may result in a marked negative impact on 
the activities of daily living and quality of life (9,13).

PKP is widely accepted by physicians and patients 
as a surgical procedure for symptomatic OVCFs (3,14). 
In addition to yielding immediate and effective pain 
relief, this procedure also enables restoration of ver-
tebral height and improvement of kyphotic deformity 
by using a balloon to inflate the vertebral body and 
subsequently stabilize it with the injection of acrylic 
cement (14,15). Moreover, the reduced incidence of 
bone cement leakage is another important feature 
of PKP (16). Current guidelines primarily recommend 
that patients undergo initial therapy attempts with 
conservative measures to avoid over-treatment due to 
surgery and then indicate surgical treatment if conser-
vative measures are not clinically effective or if there 
is radiographic progression of the fracture (17-19). The 
course of conservative management demands more 
non-steroidal anti-inflammatory drugs and longer bed 
rest. In addition, prolonged bed rest may result in pres-
sure ulcers, venous thrombosis of the lower extremity, 
hypostatic pneumonia, and further progression of os-
teoporosis (19-21). The characteristics of OVCFs change 
over time, and persistent vertebral compression may 
lead to chronic pain, neural compromise, dysfunction, 
and vertebral cleft (9,14). Therefore, the appropriate 
duration of conservative therapy is a vital factor for 
symptomatic OVCFs to achieve clinical benefit.

The appropriate timing for a shift from conserva-
tive treatment to PKP is still unclear. Moreover, current 
guidelines do not provide consensus recommendations 
(9,22-30). Therefore, in the current study, we systemati-
cally investigated clinical, radiographic outcomes and 
complications according to the surgical timing of PKP 
to provide current evidence for clinicians.

Methods

The present study is reported in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement and the guide-
lines for assessing the methodological quality of sys-
tematic reviews (31).

Search Strategy
Using the PubMed, Embase, Web of Science, and 

Cochrane library databases, a comprehensive literature 

search was performed to identify relevant PKP studies 
on November 13, 2022. No language restrictions were 
set when searching for the articles. Two researchers 
performed the study independently and 2 different 
retrieval methods were used. The first search was 
performed using MeSH terms, including “compres-
sion fracture*,” “osteoporotic fracture,*” “spinal 
fracture,” “kyphoplasty,” “balloon vertebroplasty,” 
and “time factors.” Subsequently, the second search 
was performed using multiple keywords, including 
“compression fracture,” “osteoporotic fracture,” “ky-
phoplasty,” “PKP,” “balloon vertebroplasty,” “timing,” 
“times,” “early,” “late,” “acute,” “sub-acute,” “delay,” 
“chronic.” Finally, all articles retrieved using both 
search methods were integrated to include as many 
potentially relevant studies as possible. Additionally, 
articles in reference lists of the retrieved studies that 
met the eligibility criteria and reviews were also manu-
ally searched for any pertinent supplementary articles.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: 1) patients 

experienced symptomatic OVCFs; 2) received PKP 
treatment at different times depending on the inter-
val between fracture and procedure; 3) randomized 
controlled trials, prospective cohort trials, or retro-
spective cohort trials; 4) at least one of the following 
main outcomes reported, visual analog scale (VAS) 
scores, Oswestry Disability Index (ODI), local kyphosis 
angle (LKA), height of fractured vertebra, incidence of 
bone cement leakage, and adjacent vertebral fractures 
(AVFs); 5) and publication without language restriction. 

Studies reporting vertebral burst fracture, verte-
bral pathological fractures caused by multiple myelo-
ma, metastatic bone disease, or hemangioma, reviews, 
letters, case reports, or meeting proceedings, and those 
with incomplete information and no outcomes of inter-
est reported were excluded.

Data Extraction
Two researchers extracted the information by care-

fully reading the full text of all selected studies accord-
ing to a unified standard. Disagreement was resolved by 
consensus discussion between the reviewers; if neces-
sary, a third researcher made the final decision in cases 
of dispute. The information extracted included article 
characteristics such as publication time, country, surgi-
cal time of different groups, sample size, population 
demographics, and follow-up duration. Radiographic 
outcomes included preoperative and postoperative 
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vertebral height and kyphotic angle, while clinical 
outcomes included preoperative and postoperative 
VAS and ODI scores. Finally, complications included 
the incidence of bone cement leakage and AVFs. If the 
study included 3 or more groups according to the time 
of receiving PKP, only the data of the earliest and latest 
group were extracted.

Risk of Bias Assessment
Two researchers independently evaluated the risk 

of bias in the included studies using the Methodologi-
cal Index for Non-Randomized Studies (MINORS) tool 
(32). Risk assessment included selection bias, adequacy 
of outcome measurements, comparability of groups, 
publication bias, and other potential sources of bias. 
Disagreements were resolved by unified consensus 
discussion, and a third researcher arbitrated in cases 
where disputes persisted.

Quality Assessment
The quality of evidence was formally assessed for 

each study according to the Grading of Recommen-
dations, Assessment, Development, and Evaluations 
(GRADE) framework (33-35). The quality of evidence was 
defined as follows: high, the effect estimation is very close 
to the true effect value; moderate, the estimated value is 
very likely to be close to the true value; low, the true value 
may be very different from the estimated value; and very 
low, the estimate is very likely to be very different from 
the true value, and the estimate is uncertain.

Data Synthesis
Meta-analysis was performed if ≥ 2 of the included 

studies had homogeneous clinical and statistical results. 
If it was not possible to perform a pooled analysis, a 
qualitative descriptive analysis was performed.

Results

Literature Search and Screen 
A total of 776 articles were retrieved in the prelimi-

nary search of the PubMed, Embase, Cochrane Library, 
and Web of Science databases, of which 659 remained 
after duplicates were removed. Next, a review of the 
titles and abstracts of these articles excluded 644 stud-
ies. The remaining 15 articles qualified for full-text as-
sessment, and 2 were excluded based on the inclusion 
and exclusion criteria. Finally, 13 articles were included 
in the study. A flow diagram illustrating the systematic 
literature search is presented in Fig. 1.

Basic Characteristics of the Included Studies 
This systematic review included 3 prospective 

cohort trials (14,19,26) and 10 retrospective cohort tri-
als (3,8,9,16,23,25,27-30), including 930 patients with 
symptomatic OVCFs. These studies were from the Unit-
ed States, Germany, China, Turkey, Japan, and South 
Korea, and were published between 2004 and 2022. A 
summary of these studies is presented in Table 1.

Risk of Bias Assessment
The risk of bias in the included studies is summa-

rized in Table 2. All included studies were prospective 
or retrospective cohort trials; therefore, the risk of 
bias was assessed using the MINORS tool (28). Regard-
ing these comparative trials, the mean MINORS score 
was 17.6 (range, 13 to 21), which accounted for 77.3% 
(17.6/24) of the gross scores. The results indicated that 
the included studies had a moderate risk of bias.

Quality of Evidence 
According to the GRADE guidelines, the quality 

of the observational studies was not upgraded and 
was designated as very low. The quality of evidence is 
summarized in Table 3. The overall quality of included 
studies was very low.

Vertebral Body Height
Ten studies (8,14,16,19,23,25-28,30) reported res-

toration of anterior vertebral body height, and all re-
ported excellent restoration after early PKP. Vertebral 
body height restoration rates are summarized in Table 
4. Among these, 7 studies (8,16,19,23,25-27) reported 
significantly better restoration of vertebral height in 
early PKP than in delayed PKP (P < 0.05). Takahashi et 
al (14) reported that the percentage of anterior ver-
tebral height remained higher in early PKP (68.0%) 
than in delayed PKP (53.6%) at the final follow-up (P = 
0.002); however, there was no significant difference in 
the height of vertebral recovery (20.1% versus 23.0%; 
P = 0.425). Liu et al (28) and Ding et al (30) found that 
there was no significant difference between the early 
and the delayed PKP with respect to the postoperative 
vertebral body height restoration (P > 0.05), while de-
layed PKP had a more severe loss of vertebral height at 
the follow-up (P < 0.05).

Local Kyphotic Angle
Ten studies (8,9,14,19,23,25-29) assessed the local 

kyphotic angle, with the outcomes summarized in Table 
5. Minamide et al (9) and Takahashi et al (14) reported 
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that the local kyphotic angle was lower in the early PKP 
than in the delayed PKP (P < 0.05); however, there was 
no significant difference in the local kyphotic angle 
recovery (P > 0.05). Additionally, Liu et al (19) and Liu 
et al (29) reported that the postoperative local kyphotic 
angle was not significantly different between early PKP 
and delayed PKP (P > 0.05), the difference was significant 
only at the 6 months and 24 months follow-up, respec-
tively (P < 0.05). Crandall et al (26) reported that postop-
erative improvement in the local kyphotic angle was not 
significantly different between early and delayed PKP 
(P > 0.05). However, the other 5 studies (8,19,23,25,29) 
reported that the improvement of local kyphotic angle 

was significantly greater in the early PKP group than in 
the delayed PKP group (P < 0.05).

Pain Relief
All included studies (3,8,9,14,16,19,23,25-30) re-

ported patient preoperative and postoperative pain. 
Minamide et al (9) used a numerical pain rating scale 
to assess back pain among patients, while other studies 
evaluated back pain using a VAS. A summary of pain 
outcomes evaluated using the VAS is presented in Table 
6. In all studies, the patients experienced excellent frac-
ture-related pain relief, and VAS scores significantly de-
creased after PKP (P < 0.05). Four studies (14,19,27,29) 

Fig. 1. The flow chart 
of  study selection.
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found that the improvement of VAS was significantly 
greater in early PKP than in delayed PKP (P < 0.05). The 
other 9 studies (3,8,9,16,23,25,26,28,30) demonstrated 
no statistically significant differences in postoperative 
improvement in back pain between early and delayed 
PKP (P > 0.05).

Oswestry Disability Index Scores 
Seven studies (3,19,23,27-30) assessed function 

according to the ODI. The postoperative average ODI 
score significantly decreased after PKP in these studies 
(P < 0.05). Only Liu et al (27) and Yao et al (29) reported 
that the improvement of ODI score was significantly 
greater in early PKP than in delayed PKP (P < 0.05). The 
other studies (3,19,23,28,30) reported the differences 
were not significant between early and delayed PKP (P 
> 0.05). Table 6 summarizes the functional outcomes 
evaluated according to the ODI.

Bone Cement Leakage 
Eight of the included studies evaluated bone ce-

ment leakage (3,14,16,19,23,28-30), with outcomes 
summarized in Table 7. Guan et al (3) reported that 
the incidence of bone cement leakage in delayed PKP 
was significantly lower than that in early PKP (P < 0.05). 
However, Yao et al (29) got the opposite result. They 
found the incidence of bone cement leakage in de-
layed PKP was significantly higher than in early PKP (P < 
0.05). In addition, the other studies (14,16,19,23,28,30) 
reported that there was no significant difference in the 
incidence of bone cement leakage between early and 
delayed PKP (P > 0.05). The results of the pooled analy-
sis are shown in Fig. 2. No significant difference was 
observed in the incidence of cement leakage between 
early and delayed PKP (odds ratio [OR] = 1.60, 95% CI: 
0.97–2.64, P = 0.07).

Adjacent Vertebral Fracture
Four studies (9,16,19,23) assessed AVFs (Table 7). 

Three (9,19,23) reported a significantly higher occur-
rence rate of AVFs in delayed PKP compared with early 
PKP (P < 0.05). Only Oh et al (16) reported similar results 

Study Year Country
Study 
design

Time of  
surgery

Sample size Mean age (y) Gender (M/F) Follow-
up

Early Delayed Early Delayed Early Delayed Early Delayed

Liu et al 2022 
[27] 2022 China RCS < 24h ≥ 1m 52 47 70.5 67.9 10/42 11/36 6m

Palmowski et 
al [8] 2020 Germany RCS < 2w > 6w 100 39 72.2 70.4 27/73 12/27 NA

Liu et al 2020 
[28] 2020 China RCS < 1w 2w-4w 55 24 67.4 67.9 19/36 7/17 24m

Zhou et al 
[23] 2019 China RCS ≤ 4w > 4w 36 26 70.2 73.6 2/34 2/24 ≥ 6m

Minamide et 
al [9] 2018 Japan RCS ≤ 4w > 4w 32 19 74.6 77.1 6/26 4/15 1.2y

Takahashi et 
al [14] 2018 Japan PCS ≤ 2m > 2m 27 45 79.39 77.9 8/19 14/31 > 6m

Yao et al [29] 2015 China RCS < 1w > 2w 36 28 64.3 64.1 14/22 10/18 12m

Ding et al 
[30] 2015 China RCS < 2w 2w-4w 39 43 67.9 69.2 11/28 12/31 6m

Guan et al 
[3] 2012 China RCS < 2w 2w-4w 46 71 68.6 69.2 15/31 25/46 3d

Oh et al [16] 2010 South Korea RCS ≤ 3w > 2m 21 29 62.3 66.9 8/13 7/22 8-15m

Park et al 
[25] 2010 South Korea RCS ≤ 2w > 2w 20 20 84.5 81.9 0/20 0/20 6-24m

Erkan et al 
[19] 2009 Turkey PCS < 10w > 16w 15 13 70.0 74.0 4/11 4/9 18m

Crandall et al 
[26] 2004 United States PCS < 10w > 16w 23 24 76.0 72.0 7/16 5/19 6-24m

Table 1. Study characteristics of  the included studies.

PCS, Prospective cohort study; RCS, Retrospective Study; NA, Not available.
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between early and delayed PKP in 
terms of AVFs incidence (P > 0.05). 
The pooled analysis was conducted 
in these studies (Fig. 3) and dem-
onstrated that the incidence of ad-
jacent vertebral fracture in delayed 
PKP was significantly higher than 
in early PKP (OR = 0.31, 95% CI: 
0.13–0.76, P = 0.01). 

Discussion

OVCFs are significantly in-
creasing among the elderly due to 
the aging of the population, which 
not only represents a formidable 
challenge to medical systems but 
also a substantial socioeconomic 
burden on society (9,11). PKP has 
been widely used as a mainstay 
treatment for OVCFs because of its 
excellent clinical efficacy and low 
risk for complications (15,36,37). 
The timing of surgery is an im-
portant factor impacting clinical 
outcomes. For example, early inter-
vention may result in unnecessary 
procedures, whereas delayed inter-
vention may be a compromise plan 
for treatment (38,39). However, 
little is known about the optimal 
timing for PKP (40). To the best 
of our knowledge, this is the first 
systematic review that aimed to 
investigate whether the timing of 
PKP intervention affects the overall 
efficacy.

The main findings of the cur-
rent study indicated that patients 
with symptomatic OVCFs achieved 
rapid and effective pain relief after 
PKP, and patients with OVCFs who 
underwent early surgery showed 
comparable or better pain relief 
than those who underwent de-
layed surgery. Early PKP interven-
tion was associated with similar 
or better outcomes in terms of im-
provement of function, restoration 
of vertebral height, and improve-
ment of kyphotic deformity com-It
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pared with delayed PKP intervention. Futhermore, the 
meta-analysis results showed that the cement leakage 
rate was not significantly different between early PKP 

and delayed PKP, whereas delayed PKP was associated 
with a higher risk for AVFs than early PKP. 

Back pain associated with OVCFs may be unavoid-

Study
Study 
design

Risk 
of  bias

Indirectness Imprecision
Publication 

bias
Large 
effect

Plausible 
residual 

confounding
Total

Quality of  
evidence

Liu et al 2022 [27] RCS -1 0 NA 0 0 0 -1 Very low

Palmowski et al[8] RCS -1 0 NA -1 0 0 -2 Very low

Liu et al 2020 [28] RCS -1 0 NA 0 0 0 -1 Very low

Zhou et al [23] RCS -2 0 NA -1 0 0 -3 Very low

Minamide et al [9] RCS −1 0 NA −1 0 0 −2 Very low

Takahashi et al [14] PCS −1 0 NA −1 0 0 −2 Very low

Yao et al [29] RCS -1 0 NA 0 0 0 -1 Very low

Ding et al [30] RCS -1 0 NA 0 0 0 -1 Very low

Guan et al [3] RCS −2 0 NA −1 0 0 −3 Very low

Oh et al [16] RCS −2 0 NA −1 0 0 −3 Very low

Park et al [25] RCS −2 0 NA −1 0 0 −3 Very low

Erkan et al [19] PCS −1 0 NA −1 0 0 −2 Very low

Crandall et al [26] PCS −1 0 NA −1 0 0 −2 Very low

Table 3. Grading of  clinical studies following GRADE guidelines.

PCS, Prospective cohort study; RCS, Retrospective cohort study; NA, Not available.

Study Group
Anterior vertebral HRR Middle vertebral HRR Posterior vertebral HRR

postoperative
Final 

follow-up
postoperative

Final 
follow-up

postoperative
Final 

follow-up

Liu et al 2022 [27]
early (< 24h) 30.4 30.5 (6m) NA NA NA NA

delayed (≥ 1m) 10.0 12.1 (6m) NA NA NA NA

Takahashi et al [14]
early (≤ 2m) NA 38.6% (> 6m) NA NA NA 39.6% (> 6m)

delayed (> 2m) NA 32.9% (> 6m) NA NA NA 16.5% (> 6m)

Ding et al [30]
early (< 2w) 25.0 NA 22.6 NA NA NA

delayed (2w-4w) 23.5 NA 21.9 NA NA NA

Oh et al [16]
early (≤ 3w) NA 53.3% (13m) NA NA NA NA

delayed (> 2m) NA 8.6% (13m) NA NA NA NA

Park et al [25]
early (≤ 2w) NA 46.2% (3m) NA 52.6% (3m) NA NA

delayed (> 2w) NA 28.2% (3m) NA 36.6% (3m) NA NA

Erkan et al [19]
early (< 10w) NA 36% (18m) NA NA NA NA

delayed (> 16w) NA 22% (18m) NA NA NA NA

Crandall et al [26]
early (≤ 10w) 66.7% N/A NA NA NA NA

delayed (≥ 16w) 52.3% N/A NA NA NA NA

Zhou et al [23]
early (≤ 4w) 17.50% 10.5% (6m) NA NA NA NA

delayed (> 4w) 7.20% 3.6% (6m) NA NA NA NA

HRR, height restoration rate; NA, not available
HHR (%)
Change in angle (°) = Preoperative local kyphotic angle - Postoperative local kyphotic angle =

(postoperative fractured vertebral height - preoperative fractured vertebral height)	 x100
(mean adjacent vertebral height - preoperative fractured vertebral height)

Table 4. Radiological outcomes of  vertebral body height restoration rate.
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able, and in most cases, it may subside over a period of 
weeks or months; however, it is not uncommon for back 
pain to progress to chronic pain (41). In this study, we 
found that most patients with OVCFs benefited from 
effective pain relief after PKP. Moreover, patients with 
OVCFs who underwent early surgery showed compa-
rable or better pain relief than those who underwent 
delayed surgery. Several factors probably contributed 
to the similar results. First, bone cement restores the 
mechanical stability of microfractures, increases the 
strength of the fractured vertebra, and decreases 
stimulation of free nerve endings at the fracture site, 
which may be the primary factor in pain relief (42-44). 
Second, the hardening process of polymethylmethacry-
late releases a large amount of heat. This quantity of 
heat inactivates terminal nerve endings at the fracture 
site, which is another important contribution to pain 
relief (44,45). In addition, PKP can restore the normal 
spinal sequence of patients, reduce the compensatory 
activity of the paravertebral muscles, and promote frac-
ture rehabilitation. These may explain the long-lasting 
effects of PKP on pain relief (46). Finally, Yokoyama et 

al reported that vertebro-
plasty relieved the pain by 
releasing pressure in the 
fractured vertebral body 
(47). In the early stages 
of OVCFs, the pressure is 
relatively greater owing 
to bleeding and exuda-
tion at the fracture site. 
Therefore, pressure release 
was greater after early PKP, 
resulting in a greater pain 
relief outcome. This may 
explain the difference in 
pain relief between early 
and delayed PKP. 

The ability to restore 
vertebral body loss height 
and improve kyphotic de-
formity is believed to be 
the main advantage of PKP 
(25). Increasing attention 
has been devoted to the 
negative impact of local ky-
photic deformities and loss 
of vertebral height. A frac-
tured vertebral body may 
collapse due to repeated 

stress before cement augmentation is performed. 
Constant loss of vertebral height can cause severe local 
kyphotic deformities and even result in neurological 
deficits (48). Additionally, Sliverman et al (41) revealed 
that the severity of spinal deformity is a major factor 
that adversely affects the quality of life, mental health, 
and life span, which are effects that are, in part, in-
dependent of pain. In the current study, we found 
that the improvements of vertebral height and local 
kyphotic deformity in delayed PKP are not as great as 
the improvements in early PKP. This may be because 
the fracture healing process has progressed to the 
bone remodeling stage in delayed PKP. It is difficult to 
restore vertebral body height even with balloon tamp 
inflation due to hard callus formation (16). Generally, 
hard callus formation at the fracture site of cortical 
fractures in adults takes 3 to 6 weeks (49). Yang et al 
(50) reported that cancellous fractures heal faster than 
cortical fractures, and kyphotic deformity and vertebral 
height may be repaired because of hard callus forma-
tion within one month after OVCF. These findings are 
consistent with those obtained in this study. Therefore, 

Table 5. Radiological outcomes of  local kyphotic angle.

Study Group
Local kyphotic angle (°) Change in 

angle (°)Preoperative Postoperative Final follow-up

Liu et al 
2022 [27]

early (< 24h) 23.75 ± 2.11 15.87 ± 2.30 16.62 ± 2.58 (6m) NA

delayed (≥ 1m) 24.09 ± 2.83 16.87 ± 2.20 17.75 ± 2.75 (6m) NA

Minamide 
et al [9]

early (< 4w) 10.1 ± 8.1 6.4 ± 6.9 9.5 ± 6. 9 (1.2y) NA

delayed (> 4w) 27.6 ± 7.0 19.8 ± 7.2 28.4 ± 10.0 (1.2y) NA

Liu et al 
2020 [28]

early (< 1w) 21.23 ± 2.12 7.23 ± 0.76 8.21 ± 0.34 (24m) NA

delayed (2-4w) 21.86 ± 2.10 7.21 ± 0.72 9.98 ± 0.39 (24m) NA

Takahashi et 
al [14]

early (≤ 2m) 19.4 ± 7.2 NA 12.4 ± 5.4 (> 6m) NA

delayed (> 2m) 24.9 ± 8.1 NA 16.3 ± 8.3 (> 6m) NA

Yao et al 
[29]

early (< 1w) 13.8 ± 6.6 7.3 ± 5.0 7.2 ± 4.5 (12m) NA

delayed (> 2w) 13.8 ± 6.4 10.8 ± 5.8 10.1 ± 4.9 (12m) NA

Park et al 
[25]

early (≤ 2w) NA NA NA 8.8

delayed (> 2w) NA NA NA 4.2

Erkan et al 
[19]

early (< 10w) 22.2 ± 4.7 N/A 9.7 ± 3.2 (18m) 6.2 ± 3.7

delayed (> 16w) 24.6 ± 5.3 N/A 17.4 ± 3.7 (18m) 4.6 ± 2.8

Crandall et 
al [26]

early (≤ 10w) 15.0 8.0 NA NA

delayed (≥ 16w) 15.0 10.0 NA NA

Palmowski 
et al [8]

early (< 2w) NA NA NA 3.8

delayed (> 6w) NA NA NA 1.7

Zhou et al 
[23]

early (≤ 4w) 12.7 ± 4.5 7.3 ± 2.9 11.4 ± 7.3(6m) NA

delayed (> 4w) 17.6 ± 5.8 14.4 ± 4.5 16.1 ± 8.1(6m) NA

Change in angle (°) = Preoperative local kyphotic angle – Postoperative local kyphotic angle
NA: Not available
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early PKP can not only prevent a collapse of the verte-
bra but also restore vertebral height and improve local 
kyphotic deformity. 

As a minimally invasive percutaneous procedure, 
PKP has a lower risk for cement leakage due to in-
flatable bone tamps; nevertheless, cement leakage 
remains the most common complication of bone ce-
ment augmentation technology (51,52). Although 
most cement leakage in PKP does not cause clinical 
symptoms, symptomatic leakage could have disas-
trous consequences for patients, such as pulmonary 
embolism and cardiovascular distress. Furthermore, 
Harrington et al (53) reported that bone cement 
that leaks into the intervertebral foramen or spinal 
canal may compress nerve tissue and lead to severe 
nerve damage. Lin et al (54) reported an association 
between persistent chronic back pain and cement 
leakage into the intervertebral disc. Thus, reducing 
cement leakage is an important measure for ensuring 
the surgical safety of PKP. Our results of the pooled 
analysis showed there was no significant difference 
in cement leakage between early PKP and delayed 

PKP. In addition, some studies have reported that ce-
ment leakage seems to depend more on the surgeon’s 
technique and operation procedure (54-56). Zhu et al 
reported that the volume of cement injected, viscosity 
of bone cement, and cortical bone of the fractured 
vertebral body are most closely related to the occur-
rence of cement leakage (57). Therefore, detailed CT 
examination before surgery, perfect image monitor-
ing during the operation, skilled operation, and pre-
cise control of the amount of bone cement might be 
effective measures to reduce the incidence of bone 
cement leakage.

The mechanism underlying the occurrence of 
AVFs remains controversial. Berlemann et al (58) 
believed that the cement augmentation procedure 
increased the rate of AVFs because the bone cement 
may lead to more stress on adjacent vertebrae. How-
ever, Farrokhi et al (59) observed a higher incidence 
of AVFs in the conservatively treated group than 
in the percutaneous vertebroplasty group. In the 
present study, we found that the incidence of AVFs 
was higher in delayed PKP. Several factors may have 

Table 6. Clinical outcomes of  VAS and ODI.

Study Group
VAS score ODI score

Preoperative Postoperative
Final 

follow-up
Preoperative Postoperative

Final 
follow-up

Liu et al 2020 [28]
early (< 1w) 7.21 2.71 1.60 (24m) 78.55 36.22 20.12 (24m)

delayed (2w-4w) 7.21 3.58 1.67 (24m) 79.43 37.90 20.87 (24m)

Takahashi et al [14]
early (≤ 2m) 7.72 NA 1.99 (> 6m) NA NA NA

delayed (> 2m) 7.30 NA 3.04 (> 6m) NA NA NA

Yao et al [29]
early (≤ 1w) 7.60 2.41 1.91 (12m) 72.79 21.22 20.06 (24m)

delayed (> 2w) 7.50 2.90 2.47 (12m) 72.91 26.04 23.67 (24m)

Ding et al [30]
early (< 2w) 7.17 3.48 3.51 (6m) 48.67 24.12 24.34 (6m)

delayed (2w-4w) 6.95 2.65 3.21 (6m) 51.15 21.58 21.86 (6m)

Guan et al [3]
early (< 2w) 7.48 2.30 NA 52.14 19.33 NA

delayed (2-4w) 7.59 2.52 NA 50.28 19.77 NA

Oh et al [16]
early (≤ 3w) 7.80 2.50 2.30 (8-15m) NA NA NA

delayed (> 2m) 7.10 3.00 3.00 (8-15m) NA NA NA

Park et al [25]
early (≤2 w) 7.62 NA 2.75 (3m) NA NA NA

delayed (> 2w) 7.24 NA 2.85 (3m) NA NA NA

Crandall et al [26]
early (≤ 10w) 7.30 4.30 NA NA NA NA

delayed (≥ 16w) 7.30 4.30 NA NA NA NA

Zhou et al [23]
early (≤ 4w) 7.30 2.40 2.30 (6m) 52.60 17.30 15.60 (6m)

delayed (> 4w) 6.90 2.30 2.20 (6m) 50.50 18.80 17.60 (6m)

Liu et al 2020 [28]
early (< 1w) 7.21 2.71 1.60 (24m) 78.55 36.22 20.12 (24m)

delayed (2w-4w) 7.21 3.58 1.67 (24m) 79.43 37.90 20.87 (24m)

VAS, visual analog scale; ODI, The Oswestry Disability Index; NA, Not available.
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contributed to this finding. First, the severe kyphotic 
deformity of delayed PKP increases the load on ad-
jacent vertebrae. Abnormal sagittal alignment of 
vertebral bodies has been reported to contribute to 
AVFs (48,58,60,61). Second, repeated compressive 
loading over the fracture site can lead to bone loss 
near the endplate and subsequent endplate injury in 

delayed PKP. This increases the risk for cement exten-
sion to the disc level and the incidence of new AVFs 
(62). Third, repeated trauma during normal activity 
may create a void effect over the fracture site in 
delayed PKP. This void effect can reduce the inter-
gradient effect between the bone and cement and 
increase the incidence of AVFs (45,63). Finally, several 
studies have demonstrated that long periods of bed 
rest have a negative impact on the back muscles in 
delayed PKP. The loss of muscle mass weakens the 
protection of the vertebral bodies and increases the 
risk for new compression fractures (64-66). 

Cancellous fracture healing is a complex process 
but has long been ignored by the academic commu-
nity. Han et al (67) proposed a hypothesis for cancellous 
healing. They divided the process into 5 overlapping 
stages in chronological order, including bleeding, cell 
proliferation, woven bone formation, lamellar bone 
formation, and bone remodeling stages. This hypothe-
sis supported the outcomes of this study. It is becoming 
increasingly difficult for PKP to restore vertebral height 
because of the onset of bone remodeling in delayed 
PKP. 

Nevertheless, this study had some limitations. First, 
we included studies published only in PubMed, Embase, 
Web of Science, and Cochrane library databases, limit-
ing the source of data and possibly leading to selection 
bias. Second, there was a lack of high-quality studies in 
the included articles. All included studies were obser-
vational trials, and the overall quality of the evidence 
was very low. Finally, meta-analysis of clinical and ra-
diographic outcomes could not be performed due to 
the lack of homogeneity among in these studies, so a 
descriptive analysis is performed at last.

Study Group
Bone cement 
leakage (%)

Adjacent 
vertebral 

fracture (%)

Liu et al 
2020 [28]

early (< 1w) 14.6 N/A

delayed (2w-4w) 12.5 N/A

Minamide 
et al [9]

early (< 4w) NA 9.4

delayed (> 4w) NA 31.6

Takahashi 
et al [14]

early (< 4w) 3.7 NA

delayed (> 2m) 2.2 NA

Yao et al 
[29]

early (< 1w) 7. 9 NA

delayed (> 2w) 16. 7 NA

Ding et al 
[30]

early (< 2w) 15.4 NA

delayed (2-4w) 7.0 NA

Guan et al 
[3]

early (< 2w) 26.0 NA

delayed (2-4w) 11.3 NA

Oh et al 
[16]

early (≤ 3w) 38.1 9.5

delayed (> 2m) 20.7 6.9

Erkan et al 
[19]

early (< 10w) 10.0 13.0

delayed (> 16w) 4.0 30.0

Zhou et al 
[23]

early (≤ 4w) 10.7 5.6

delayed (> 4w) 12.5 26.9

Table 7. Complications outcomes of  cement leakage and 
adjacent vertebral fracture.

NA, not available

Fig. 2. Odds ratio in bone cement leakage rate between early PKP and delayed PKP groups.
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Fig. 3. Odds ratio in incidence of  AVFs between early PKP and delayed PKP groups.

Conclusions

Based on current evidence, PKP yields excellent 
pain relief in those with symptomatic OVCFs. Early PKP 
may achieve similar or better clinical and radiographic 
outcomes for treating OVCFs than delayed PKP. Fur-
thermore, early PKP intervention had a lower incidence 
of AVFs and was not associated with higher risks of ce-

ment leakage than was delayed PKP. Therefore, early 
PKP intervention might be more beneficial to patients. 
Nevertheless, larger and higher-quality studies are 
needed to prove this conclusion. 

PROSPERO Registration Information
https://www.crd.york.ac.uk/prospero/display_re-

cord.php?ID=CRD42022332850
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