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Objectives: This study aims to compare manual reduction 
combined with percutaneous vertebroplasty (PVP) versus 
percutaneous kyphoplasty (PKP) for the treatment of fresh 
(≤ 3 weeks post-injury), single-segment osteoporotic vertebral 
compression fractures (OVCFs).
Patients and methods: Between January 2021 and January 2024, 
a total of 136 patients (46 males, 90 females; mean age: 76.8 ± 8.4 
years; range, 60 to 94 years) with thoracolumbar OVCFs who 
underwent vertebral augmentation were retrospectively analyzed. 
The patients were assigned to either Group 1 (manual reduction 
+ PVP, n = 60) or Group 2 (PKP alone, n = 76). Operative time, 
fluoroscopy frequency, cement volume, cement leakage, cement 
distribution, anterior vertebral height (AVH), kyphotic Cobb 
angle, and Visual Analog Scale (VAS) and Oswestry Disability 
Index (ODI) scores were compared.
Results: Compared to Group 2, Group 1 showed significantly 
shorter operative time (29.2 ± 5.1 min vs. 32.4 ± 8.2 min, 
p < 0.05), fewer intraoperative fluoroscopy scans (18.9 ± 1.7 vs. 
21.9 ± 3.0, p < 0.05), greater cement volume (4.9 ± 0.8 mL vs. 
4.0 ± 0.7 mL, p < 0.05), and a higher proportion of favorable 
cement distribution (80.0% vs. 56.6%, p < 0.05). Cement 
leakage rates were comparable (21.7% vs. 18.4%, p > 0.05). 
Although preoperative parameters were similar between the 
groups, Group 1 achieved significantly better postoperative 
AVH (23.1 ± 2.2 mm vs. 20.4 ± 2.6 mm, p < 0.05), kyphotic 
Cobb angle (8.5 ± 1.9° vs. 10.6 ± 1.9°, p < 0.05), and ODI scores 
(19.0 [18.0, 21.0] vs. 21.0 [19.0, 23.0], p = 0.001) compared 
to Group 2. Postoperative VAS scores showed no significant 
difference between the groups (2.0 [2.0, 3.0] vs. 2.0 [2.0, 3.0], 
p = 0.354). Both groups exhibited significant postoperative 
improvements in all clinical outcomes (p < 0.05).
Conclusion: Although both techniques effectively relieve 
pain and correct deformity, manual reduction combined with 
PVP offers more favorable radiographic restoration, improved 
functional outcomes, shorter operation time, and less radiation 
exposure compared to PKP.
Keywords: Kyphoplasty, manual reduction, osteoporotic vertebral 
compression fractures, percutaneous vertebroplasty.
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Osteoporotic vertebral compression fractures 
(OVCFs) represent the most prevalent type of 
fragility fracture encountered in clinical practice 
and are and are one of the major clinical 
consequences of osteoporosis.[1] These fractures 
can lead to severe back pain and spinal deformity, 
significantly impairing patients' quality of 
life and posing a growing challenge to global 
healthcare systems.[2] In the United States alone, 
approximately 700,000 new cases of OVCFs are 
reported annually. The combined economic burden 
attributed to OVCFs and hip fractures is estimated 
to range between $10 billion and $15 billion each 
year, highlighting the substantial financial impact 
of these conditions.[3,4]

For patients with acute thoracolumbar OVCFs, 
percutaneous vertebroplasty (PVP) is a safe and 
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effective intervention which provides rapid pain 
relief and markedly improves quality of life and 
survival rates.[4] This procedure involves the 
injection of specialized bone cement, typically 
polymethylmethacrylate (PMMA), into the fractured 
vertebra through a small skin incision.[5] The cement 
fills the intravertebral space, enhancing stability 
and mechanical strength, thereby alleviating 
pain and partially restoring vertebral height.[6] 
However, compared to percutaneous kyphoplasty 
(PKP), standard PVP is less effective in restoring 
vertebral body height and correcting kyphotic 
deformity.[7] Although PKP offers more favorable 
fracture reduction and height restoration, it often 
results in a clumped distribution of bone cement 
within the vertebral body, rather than a diffuse 
interdigitation throughout the trabecular bone. 
This localized cement pattern may compromise 
the durability of pain relief and elevate the risk 
of subsequent fractures in adjacent vertebrae.[8,9] 
Although bilateral PKP results in more favorable 
bone cement distribution and superior long-term 
outcomes,[10] it entails a longer operative duration, 
increased radiation exposure, as well as higher risks 
of bone cement introduction and leakage compared 
to the unilateral approach.[11]

Manual reduction, a technique with established 
roots in traditional fracture management, employs 
controlled external forces to restore anatomical 
alignment. Its principle involves reversing the 
traumatic mechanism. In the context of OVCFs, 
this technique aims to passively stretch the relaxed 
anterior longitudinal ligament by applying sustained 
ventral pressure, thereby facilitating vertebral height 
restoration and kyphosis correction. The historical 
application of closed reduction techniques for spinal 
fractures provides a foundational rationale for its 
use.[12] Recent clinical studies have investigated its 
combination with vertebral augmentation, reporting 
promising outcomes in terms of height restoration 
and sagittal alignment correction.[13]

Based on the above considerations and the 
emerging supportive evidence, we postulate that 
combining PVP with manual reduction may offer 
rapid pain alleviation for OVCF patients, effectively 
restore vertebral height, and present a relatively 
favorable cost-effectiveness profile. Moreover, 
robust comparative studies specifically evaluating 
manual reduction combined with PVP versus PKP 
alone in the treatment of OVCFs remain scarce. In 
the present study, we, therefore, aimed to evaluate 
the efficacy of manual reduction combined with 
PVP versus PKP alone for OVCFs and to provide 

a basis for clinical decision-making in this patient 
population.

PATIENTS AND METHODS

This single-center, retrospective study was 
conducted at Sichuan University Affiliated 
Chengdu Second People’s Hospital, Department 
of Orthopedics Surgery between January 2021 
and January 2024. A total of 191 patients with 
thoracolumbar OVCFs who underwent vertebral 
augmentation were initially assessed for eligibility. 
Inclusion criteria were as follows: (1) acute single-
segment thoracolumbar OVCFs; (2) vertebral body 
compression degree < 50%; (3) bone mineral density 
(BMD) T-score < –2.5; (4) preoperative imaging 
confirming integrity of the posterior vertebral wall 
and pedicles; and (5) unilateral surgical approach. 
Exclusion criteria were as follows: (1) severe 
underlying medical conditions rendering patients 
unfit for surgery, such as significant cardiac, 
pulmonary, hepatic, or renal dysfunction; (2) severe 
systemic infectious disease or local infection at the 
surgical site; (3) coagulation abnormalities or severe 
bleeding tendency; (4) presence of nerve root or 
spinal cord compression symptoms requiring open 
decompression surgery; (5) fractures due to old 
injuries, tuberculosis, or tumors; and (6) concomitant 
fractures in other locations. After screening, 136 
eligible patients (46 males, 90 females; mean age: 
76.8 ± 8.4 years; range, 60 to 94 years) were enrolled. 
Study flowchart is shown in Figure 1. A written 
informed consent was obtained from each patient. 
The study protocol was approved by the Chengdu 
Second People’s Hospital Institutional Review Board 
(Date: 13.08.2020, No: AF-SOP-18-01/02.0). The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki.

Surgical process

All procedures were performed under local 
anesthesia by two experienced surgeons from the 
same team. The patients were assigned to either 
Group 1 (manual reduction + PVP, n = 60) or 
Group 2 (PKP alone, n = 76). In Group 1, patients 
were positioned prone. Under fluoroscopy, manual 
reduction was performed: one assistant provided 
axillary counter-traction while another applied 
ankle traction for 4 min. The surgeon applied 
slow, controlled, and sustained ventral pressure 
over the fractured vertebra's spinous process to 
restore height and correct kyphosis. This maneuver 
emphasized a gradual axial force to avoid 
high-velocity or impulsive thrusts, considering 
the osteoporotic bone quality. Reduction adequacy 
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was confirmed fluoroscopically. Subsequently, 
standard unilateral PVP was performed via a 
transpedicular approach. Bone cement was injected 
under fluoroscopy, until it approached within 
~5 mm of the posterior wall (Figure 2). To ensure 
consistency and reproducibility of the manual 
reduction technique across all patients in Group 1, 
a standardized protocol was rigorously followed. 
The procedure was performed with the patient in 
a consistent prone position. The roles of the two 
assistants (providing counter-traction at the axillae 
and ankles) and the surgeon (applying ventral 
pressure) were fixed. The application of sustained 
ventral pressure was specifically centered on the 
spinous process of the fractured vertebra under 
fluoroscopic guidance. The duration of the initial 
traction and reduction phase was maintained for 
approximately four minutes for all cases. The 
conscious state of patients under local anesthesia 
served as an additional safety check, enabling 
immediate reporting of any discomfort, which 
did not occur. The endpoint of the reduction 
was objectively defined as the fluoroscopic 
confirmation of satisfactory restoration of vertebral 
height and reduction of the kyphotic angle. 
While the magnitude of the applied force was 

adjusted qualitatively by the surgeon based on 
patient-specific factors such as body habitus and 
anticipated bone quality, the fundamental steps of 
the maneuver were uniformly applied.

In Group 2, patient positioning and approach 
were identical. After cannula placement, a balloon 
tamp was inserted, inflated under fluoroscopy to 
reduce the fracture, then removed. High-viscosity 
bone cement was injected into the created cavity.

Postoperatively, all patients were closely monitored 
for vital signs within 24 h. Ambulation under brace 
protection was initiated after 24 h to avoid excessive 
spinal motion. Conventional anti-osteoporosis 
medication was administered to all patients. 

Outcome measures
Recorded parameters were as follows: operative 

time, fluoroscopy frequency, cement volume, cement 
leakage, cement distribution, anterior vertebral 
height (AVH), kyphotic Cobb angle, and Visual 
Analog Scale (VAS) and Oswestry Disability Index 
(ODI) scores.

Radiographic assessments
The AVH and kyphotic Cobb angle were measured 

on standardized standing lateral radiographs by two 

FIGURE 1. Study flowchart.
PVP, percutaneous vertebroplasty; PKP, percutaneous kyphoplasty.

Assessed for eligibility (n = 191)

Randomized (n = 148)

Excluded (n = 43)

•	 Not meeting inclusion criteria (n = 28)
•	 Declined to participate (n = 10)
•	 Other reasons (n = 5)

Allocated to observation group (n = 67)

•	 Manual reduction + PVP (n = 67)

Allocated to control group (n = 81)

•	 PKP alone (n = 81)

Discontinued intervention 
(refusal investigation) (n = 7)

Discontinued intervention 
(physical deterioration) (n = 5)

Analyzed (n = 60)

Enrollment

Analyzed (n = 76)

Allocation

Follow-up

Analysis
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blinded spinal surgeons. The AVH restoration ratio 
was calculated as (postoperative AVH/estimated 
normal AVH) × 100%. The kyphotic Cobb angle was 
measured between the endplates of the vertebrae 
adjacent to the fracture.

Functional assessments

The VAS (0-10) and the Chinese version of ODI 
were assessed preoperatively and at follow-ups by 
staff not involved in surgery. The ODI score, one 
of the gold-standard tools for evaluating spinal 
treatment outcomes, exhibits an inverse relationship 
with functional disability levels.[14] 

Reliability assessment

To ensure measurement consistency and 
minimize observer bias, inter-observer reliability 
was assessed for all radiographic measurements. 
The two independent evaluators repeated all 
measurements after a two-week interval. The 
intraclass correlation coefficient (ICC) was calculated 
for both intra-observer and inter-observer reliability. 
The ICC values for all radiographic measurements 
exceeded 0.85, indicating excellent reliability. Any 
discrepancies greater than 5% in AVH measurements 
or 3° in Cobb angle measurements were re-evaluated 
jointly to reach a consensus.

(a) (b) (c) (d)

(e) (f) (g)

FIGURE 2. Illustrative case of an L1 OVCF treated with manual reduction combined with PVP. (a) Preoperative lateral radiograph 
showing an L1 vertebral compression fracture with mild local kyphotic deformity; (b, c) Preoperative MRI in sagittal view 
demonstrates a high-intensity edema signal within the L1 vertebral body on T2-weighted and STIR sequences, confirming 
an acute fracture; The supine position unloads the spine, often leading to a partial spontaneous restoration of vertebral 
height compared to the standing radiograph in (a); (d) Intraoperative photograph depicting the manual reduction technique; 
(e) Intraoperative lateral C-arm fluoroscopic image obtained after application of the manual reduction maneuver with the 
patient in the prone position. The vertebral height restoration shown here represents the combined effect of postural correction 
(from standing to prone) and the subsequent active manual reduction; (f, g) Postoperative anteroposterior and (f) lateral 
(g) radiographs showing the final result. The bone cement exhibits optimal filling of the vertebral body without evidence of 
leakage. Notably, the cement demonstrates a bilateral and symmetrical distribution pattern within the vertebra on the AP view, 
corresponding to a favorable distribution grade.
OVCF, osteoporotic vertebral compression fractures; PVP, percutaneous vertebroplasty; MRI, magnetic resonance imaging; STIR, Short Tau Inversion 
Recovery.
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Cement distribution assessment

Cement distribution on postoperative 
AP radiographs was graded using a validated 
four-point scale (Grades 1/4).[15] Grades 1/2 were 
considered “favorable,” Grades 3/4 “unfavorable.” 
Cement leakage was detected intraoperatively 
and on postoperative radiographs, categorized by 
location.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 26.0 software (IBM Corp., Armonk, 
NY, USA). Continuous data were presented in 
mean ± standard deviation (SD) or median (min-
max), while categorical data were presented in 
number and frequency. Intergroup comparisons 
were conducted using independent samples t-tests, 
while intragroup comparisons utilized paired 
samples t-tests. Categorical data were compared 
using the chi-square tests or Fisher exact probability 
test as appropriate. Ordinal data were analyzed 
using non-parametric rank-sum tests. A two-
tailed p value of <0.05 was considered statistically 
significant.

RESULTS

In the whole cohort, the most common comorbidity 
was diabetes mellitus. The mean time from injury 
to surgery was 3.8 ± 1.6 days. The majority of 
fractures (69/136) were located in the thoracic 
spine. The most frequent mechanism of injury was 
ground-level falls. No significant differences were 
observed in the baseline characteristics between 
the two groups (Table I).

The mean follow-up was 17.2 ± 3.7 
(range, 12 to 24) months. Group 1 demonstrated 
a significantly shorter operative time (29.2 ± 5.1 
min vs. 32.4 ± 8.2 min, p < 0.05) and required 
fewer intraoperative fluoroscopy scans (18.9 ± 1.7 
vs. 21.9 ± 3.0, p < 0.05), compared to Group 2. The 
volume of bone cement used was greater in Group 2 
(4.9 ± 0.8 mL vs. 4.0 ± 0.7 mL, p < 0.05). Furthermore, the 
quality of cement distribution within the vertebral 
body was greater in Group 1 (e.g., Grade 1/2: 80.0% 
vs. 56.6%, p < 0.05). However, the rate of cement 
leakage was comparable between the two groups 
(Group 1: 21.7% vs. Group 2: 18.4%, p > 0.05). The 
mean follow-up was comparable between Group 1 

TABLE I
Baseline demographic and clinical characteristics of Group 1 and Group 2

Group 1 Group 2

Variable n Mean ± SD n Mean ± SD χ2/t p

Age (years) 75.8 ± 8.1 77.6 ± 8.7 –1.237 0.218

Sex

Male

Female

25

35

21

55

2.951 0.086

BMI (kg/m2) 21.3 ± 1.7 21.7 ± 2.2 –1.059 0.291

Comorbidity

Hypertension

Diabetes mellitus

CHD

8

19

6

5

22

5

0.032 0.858

Fracture segment

Thoracic vertebrae (T9/10/11/12)

Lumbar vertebra (L1/2/3/4/5)

31 (3/8/10/10)

29 (15/8/4/1/1)

38 (5/10/12/11)

38 (18/12/5/2/1)

0.037 0.847

Time from injury to surgery (days) 3.80 ± 1.59 3.78 ± 1.6 0.087 0.931

Cause of the injury

Falling on level ground

Lifting heavy objects

Others

30

18

12

39

19

18

0.526 0.769

Total 60 76

SD, standard deviation; BMI, body mass index; CHD, coronary heart disease. Between-group comparisons were performed using independent samples t-tests for 
continuous variables and chi-square tests for categorical variables. No statistically significant differences were observed in any baseline characteristic, indicating 
that the groups were well-matched for comparison (all p > 0.05).
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(17.3 ± 3.5 months) and Group 2 (17.1 ± 3.9 months) 
(p = 0.812) (Table II).

During the follow-up period, the incidence of 
new adjacent-level vertebral compression fractures 
was assessed via radiographic evaluation. A total 
of 27 new adjacent-level fractures were identified. 
The incidence was 16.7% (10/60) in Group 1 and 
22.4% (17/76) in Group 2, indicating no statistically 
significant difference between the two groups 

(p > 0.05) (Table II). Furthermore, serial radiographic 
measurements performed at the final follow-up visit 
demonstrated no significant loss of the initially 
achieved vertebral height correction (as measured 
by AVH) or recurrence of kyphotic deformity 
(as measured by Cobb angle) in either group 
compared to the immediate postoperative values. 
Critically, no complications directly attributable 
to the manual reduction maneuver, such as 
iatrogenic fractures or neurological damage, were 

TABLE II
Comparison of perioperative outcomes between Group 1 and Group 2

Group 1 Group 2

Variables n Mean ± SD n Mean ± SD χ2/t p

Surgical time (min) 29.2 ± 5.1 32.4 ± 8.2 –2.624 0.010

Number of intraoperative fluoroscopy 18.9 ± 1.7 21.9 ± 3.0 –6.861 < 0.001

Amount of cement injected (mL) 4.9 ± 0.8 4.0 ± 0.7 6.774 < 0.001

Cement leakage

Yes

No

13

47

14

62

Cement distribution pattern

I 

II

III

IV

25

23

10

2

25

18

22

11

Adjacent-level fracture 10 17 0.685 0.408

Length of stay (days) 5.5 ± 1.6 5.6 ± 1.6 –0.444 0.658

Follow-up time (months) 17.3 ± 3.5 17.1 ± 3.9 0.238 0.812

Total 60 76

SD, standard deviation. Data were presented as mean ± standard deviation or number of patients (n). P-values were derived from independent samples 
t-tests for continuous variables and chi-square tests (or Fisher’s exact test) for categorical variables. Statistically significant between-group differences 
(p < 0.05) were highlighted in bold. The cement distribution pattern was graded on a four-point scale (1-4), where Grades 1 and 2 represent favorable 
distribution. The incidence of adjacent-level fractures was assessed during a mean follow-up of 17.2 months. Among the new adjacent-level fractures, 
the majority in both groups occurred at vertebrae contiguous to the treated level (Group 1: 8/10, 80.0%; Group 2: 14/17, 82.4%). The remainder were 
non-contiguous fractures. The distribution pattern (contiguous vs. non-contiguous) did not differ significantly between the groups (p > 0.05).

TABLE III
Radiographic outcomes: Comparison of AVH and kyphotic Cobb angle before and after surgery

AVH (mm) Kyphotic Cobb angle

Cases Preoperative Postoperative Preoperative Postoperative

n Mean ± SD Mean ± SD t p Mean ± SD Mean ± SD t p

Group 1 60 17.0 ± 2.4 23.1 ± 2.2 –85.3 < 0.00 16.5 ± 2.1 8.5 ± 1.9 20.731 < 0.00

45 1 1

Group 2 76 17.1 ± 2.5 20.4 ± 2.6 –34.0 < 0.00 16.6 ± 2.1 10.6 ± 1.9 24.823 < 0.00

15 1 1

t –0.381 6.485 –0.447 –6.498

p 0.704 < 0.001 0.655 < 0.001

AVH, anterior vertebral height; SD, standard deviation; Intragroup comparisons (preoperative vs. postoperative) were performed using paired samples t-tests, with 
all changes being statistically significant (p < 0.001). Intergroup comparisons at each time point were performed using independent samples t-tests.
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observed intraoperatively or during the immediate 
postoperative period in Group 1. Furthermore, no 
other major complications, such as symptomatic 
cement embolism or new neurological deficits, were 
recorded in either group throughout the study.

Compared to preoperative values, both groups 
showed significant improvements in postoperative 
AVH and kyphotic Cobb angle (p < 0.05 for all). 
Preoperatively, there were no significant differences 
in AVH or Cobb angle between the two groups 
(p > 0.05 for all). However, at the postoperative 
assessment, Group 1 exhibited significantly better 
outcomes in both AVH (restored to 23.1 ± 2.2 mm vs. 
20.4 ± 2.6 mm in Group 2, p < 0.05) and Cobb angle 
(corrected to [8.5 ± 1.9°] vs. [10.6 ± 1.9°], p < 0.05) 
compared to Group 2 (Table III).

Significant improvements in VAS and ODI 
scores were observed postoperatively within each 
group compared to their respective preoperative 
scores (p < 0.001 for all). No significant intergroup 
differences were found in the preoperative VAS 
and ODI scores (p > 0.05 for all). At the final 
follow-up, the difference in postoperative VAS 
scores between the groups was not statistically 
significant (Group 1: 2.0 [2.0, 3.0] vs. Group 2: 2.0 
[2.0, 3.0], p = 0.354). In contrast, Group 1 achieved 
significantly lower postoperative ODI scores than 
Group 2 (Group 1: 19.0 [18.0, 21.0] vs. Group 2: 21.0 
[19.0, 23.0], p = 0.001) (Table IV).

DISCUSSION

In the present study, we evaluated the efficacy 
of manual reduction combined with PVP 
versus PKP alone for OVCFs. Our study results 
demonstrated that the operative time and the 
number of intraoperative f luoroscopies in 
Group 1 were significantly lower than those in 
Group 2. This finding aligns with the inherent 
procedural simplicity of PVP compared to PKP, 
as PKP involves additional steps such as balloon 
insertion, inflation, and deflation. Our results are 
consistent with previous studies reporting longer 
operative times and higher radiation exposure for 
PKP.[11] This efficiency in the combined technique 
is attributed to omitting these cumbersome steps 
associated with balloon application, substantially 
saving procedural time, and avoiding additional 
iatrogenic radiation exposure to the patient from 
excessive fluoroscopy.

Previous studies and meta-analyses have 
indicated that standard PVP carries a higher risk of 
bone cement leakage compared to PKP.[7,16] However, 
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our findings showed no significant difference in 
the incidence of cement leakage between the two 
groups. This can be explained by two factors: firstly, 
the void created anteriorly in the vertebral body 
after manipulative reduction may reduce resistance 
during cement injection, potentially lowering the 
risk of leakage; secondly, the use of high-viscosity, 
paste-like bone cement, as employed in our study, 
is characterized by its high cohesion and inherently 
lower leakage rate.[17] This suggests that, with proper 
technique and cement selection, the risk of leakage 
associated with PVP can be reduced to levels 
comparable to those observed with PKP.

Furthermore, the volume of bone cement used in 
Group 1 was significantly higher, and its distribution 
within the vertebra was significantly greater to 
that in Group 2, without a statistically significant 
increase in leakage rates (p > 0.05). This indicates 
that manipulative reduction combined with PVP 
is not only safe and feasible but also allows for 
increased cement volume and improved bilateral 
cement distribution without significantly elevating 
the risk of leakage. The more diffuse, interdigitating 
cement distribution observed in our study, similar to 
the favorable patterns (Grades 1/2) defined by Chu 
et al.,[15] is crucial. This pattern may create a more 
gradual transition in stiffness between the treated 
and adjacent vertebrae, potentially mitigating stress 
concentration at the endplates; i.e., a hypothesized 
mechanism for adjacent segment fractures.[8] This 
is supported by our follow-up data, which showed 
a comparable incidence of new adjacent-level 
fractures between the two groups, despite the larger 
cement volume and better distribution in Group 1. 
This finding is clinically significant, as the risk of 
subsequent adjacent fractures is a major concern 
following vertebral augmentation. Our results 
contrast with some concerns that better filling might 
increase adjacent fracture risk, suggesting that the 
pattern of distribution (diffuse vs. clumped) might 
be more critical than the volume alone.[9]

The manual reduction maneuver was found 
to be safe in our cohort, with no instances of 
iatrogenic fracture or neurological compromise. 
We believe that this safety is attributable to the 
technique's principle of applying a controlled, 
sustained, and axial force to reverse the 
flexion-compression mechanism of the injury, rather 
than utilizing high-velocity or impulsive thrusts. 
The procedure was performed under fluoroscopic 
guidance, allowing for real-time monitoring of 
spinal alignment during reduction. Furthermore, 
the conscious state of patients under local anesthesia 

provided an additional safety check, as they could 
immediately report any onset of radicular pain or 
neurological symptoms, which did not occur in any 
case.

Regarding radiographic and functional outcomes, 
both groups showed significant postoperative 
improvements, confirming the established efficacy 
of vertebral augmentation.[5,7] More intriguingly, 
Group 1 achieved more favorable restoration of AVH 
and correction of the kyphotic Cobb angle compared 
to Group 2. This indicates that the combined 
approach effectively addresses the limitation of 
PVP alone in restoring vertebral height and sagittal 
alignment, achieving corrective effects comparable 
to or exceeding those typically associated with 
PKP.[7] The enhanced radiographic correction likely 
contributed to the significantly better postoperative 
ODI score in Group 1, underscoring that functional 
improvement extends beyond pain relief (which 
was equivalent between the groups). These findings 
are consistent with a recent systematic review[13] 
reporting comparable or superior radiographic 
outcomes for PVP combined with postural reduction 
versus PKP.

Nonetheless, this study has several limitations 
that should be acknowledged. First, as a single-
center, retrospective study, the relatively small 
sample size may have affected statistical power 
and generalizability of the results. Second, the 
non-randomized assignment of patients to groups 
may have introduced selection bias, although 
baseline characteristics were comparable. Third, the 
manual reduction technique, although performed 
according to a standardized protocol, inherently 
involves a qualitative component. The magnitude 
of the applied force was adjusted based on the 
surgeon's experience and perception of patient 
factors such as body habitus and bone quality, 
rather than being quantitatively measured against 
parameters such as weight, height, or age. The lack of 
objective, quantitative metrics for force application 
is a limitation, and future studies employing 
force sensors or other measurement devices could 
further standardize and optimize this technique. 
Further multi-center, large-scale prospective, 
randomized-controlled studies are warranted to 
confirm our findings and establish standardized 
protocols for manual reduction techniques.

In conclusion, both manipulative reduction 
combined with PVP and PKP alone are effective in 
alleviating pain, reducing the fractured vertebra, 
and correcting kyphotic deformity in patients with 
OVCFs. However, the integration of manipulative 
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reduction with PVP enhances these benefits, leading 
to more significant improvements in vertebral height 
restoration, kyphosis correction, and functional 
outcome. Additionally, the combined approach is 
associated with a shorter operative time, reduced 
reliance on intraoperative C-arm fluoroscopy, and 
achieves more favorable cement distribution without 
increasing the risk of cement leakage or adjacent 
segment fractures compared to PKP. Further studies 
are needed to validate these findings and refine 
patient selection and procedural strategies.
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