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Abstract. — OBJECTIVE: The aim of this
study was to compare the efficacy and safety
of ultrasonic bone curette (UBC) and conven-
tional surgical instruments in thoracic laminec-
tomy decompression (TLD) for the treatment of
thoracic spinal stenosis (TSS) by meta-analysis.

MATERIALS AND METHODS: Two authors
independently searched Medline via PubMed,
Embase, Cochrane Library, Web of Science,
Wanfang Database, and China National Knowl-
edge Infrastructure for the period from the es-
tablishment of the database until January 2023
to identify the studies on the safety and effica-
cy of UBC vs. conventional instruments for TSS.
Data extraction and quality assessment were
performed by two researchers independently.
We used RevMan 5.4 software (Review Manager
Web, The Cochrane Collaboration, Copenhagen,
Denmark) to analyze the data.

RESULTS: Eight retrospective studies were
included in the present work. This meta-anal-
ysis revealed that no significant differences in
the preoperative JOA scores, the JOA scores at
the last follow-up, the improvement rate of JOA
scores, and the incidence of cerebrospinal fluid
leakage/dura injury were detected between the
two groups (p>0.05). However, there were sig-
nificant differences in the operative time and in-
traoperative blood loss during single-level TLD
[operative time: MD=-1.47, 95% CI (-1.86, -1.09),
p<0.001; intraoperative blood loss: MD=-46.62,
95% CI (-53.83, -39.40), p<0.001], total opera-
tive time [MD=-56.88, 95% CIl (-69.66, -44.10),
p<0.001], total intraoperative blood loss [MD=-
143.52, 95% CI (-212.49, -74.54), p<0.001], the in-
cidence of neurological deterioration/nerve root
injury [RR= 0.29, 95% CI (0.09, 0.91), p=0.03] be-
tween the groups.

CONCLUSIONS: The application of UBC in
TLD to treat TSS is safe and effective. UBC can

significantly shorten operation time and reduce
intraoperative blood loss compared to tradition-
al surgical instruments. Moreover, it has the ad-
vantage of reducing perioperative nerve injury.
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Introduction

Thoracic spinal stenosis (TSS) is a spectrum of
neuro-related syndromes resulting from a com-
bination of factors, including reduced volume of
the thoracic spinal canal and compression of the
thoracic medulla'>. Among them, ossification of
the posterior longitudinal ligament (OPLL) in the
thoracic spine, thoracic ossified ligamentum fla-
vum (TOLF), and thoracic disc herniation (TDH)
are the three primary diseases causing acquired
TSS*. TSS can lead to muscle weakness and vary-
ing degrees of trunk/limb numbness, sensory
disturbances in the lower limbs, and walking dif-
ficulties, which in severe cases can lead to com-
plete paralysis™. The physiological kyphosis of
the thoracic spine results in minimal space for the
thoracic medullary buffering. Therefore, surgery
is often the only intervention when conservative
treatment is ineffective’®. Thoracic laminectomy
decompression (TLD) is the most common pro-
cedure for treating TSS. Its therapeutic goals are
to remove the compacts, increase the adequate
volume of the spinal canal, and maintain tho-
racic stability’. High-speed drills, rongeurs, or

Corresponding Authors: Xiaoping Mu, MD; e-mail: muxbin1991@hotmail.com

Jianxun Wei, MD; e-mail: jxweil972@163.com



Ultrasonic bone curette in thoracic spinal decompression

osteotomes are among the most common tools
for this procedure. Using rongeurs or osteotomes
during decompression of thoracic laminectomy
is labor-intensive and takes a long time to de-
compress. Moreover, it is highly susceptible to
re-injure the already severely compressed spinal
cord’. High-speed drills have improved surgical
efficiency but often require a high technical level
among surgeons. Otherwise, complications such
as geothermal damage, peripheral tissue injury,
and dural injury may occur'’.

An ultrasonic bone curette (UBC) is a device
developed specifically for bone cutting, generat-
ing cutting force based on the principle of the
ultrasonic cavitation effect. This device selec-
tively cuts bony tissues by adjusting different ul-
trasound frequencies. Furthermore, it effectively
maintains the integrity of soft tissue structures
such as the dura mater and nerves intact intraop-
eratively'?. Theoretically, it has the advantages
of a short operation time, less intraoperative
bleeding, and less tissue damage. Moreover,
this device highlights performing surgery near
the dura mater and other neural tissues without
causing excessive mechanical and thermal dam-
age!l'2,

Currently, there are several studies''!?. on the
safety and efficacy of TLD using UBC to treat
TSS. However, these studies all have the draw-
backs of small sample size and weak strength of
evidence. Meta-analysis is a quantitative method
to pool the data from studies on the same topic,
thereby expanding sample size and obtaining
high-quality evidence. To our best knowledge,
meta-analyses on the safety and efficacy of UBC
for treating TSS still need to be improved. There-
fore, the purpose of this study was to compare
the safety and efficacy of UBC with conventional
surgical instruments in TSS to obtain a large
sample and high-strength evidence to guide clini-
cal practice.

Materials and Methods

We strictly followed the guidance provided by
the Cochrane Handbook to conduct the current
study. We reported the study results based on the
recommendations of the PRISMA (Preferred Re-
porting Items for Systematic Review and Meta-
analysis) working group on preferred reporting
items for systematic reviews and meta-analyses'.
The present work is primarily a secondary analy-
sis of published studies reporting the safety and

efficacy of UBC compared with conventional
decompression devices for the treatment of TSS.
It does not involve human or animal studies, and
ethical approval can be waived.

Inclusion and Exclusion Criteria

We adopted the PICOs (population, interven-
tions, comparison, outcomes, and study design)
framework to develop the inclusion criteria for
this study:

1) Population: clinical and radiographic findings
consistent with primary or secondary TSS,
including but not limited to OPLL, TOLF, and
TDH. The surgical thoracic level is not limited,
but the indication for TSS is required. Age,
gender, ethnicity, and nationality were not re-
stricted.

2) Intervention and Comparison: UBC was used
for TSS in the intervention group, whereas
the control group adopted conventional tools,
including high-speed drills, rongeurs, or osteo-
tomes.

3) Outcomes: at least one of the following out-
comes was included: operative time, intra-
operative bleeding, Japanese Orthopedic As-
sociation score (JOA), visual analogue scale
(VAS), the Oswestry disability index (ODI),
the incidence of cerebrospinal fluid leakage or
dura defect, the incidence of neurological de-
terioration or nerve root injury, and infectious
complications (wound infection, pneumonia,
urinary tract infection, intracranial infection,
etc.).

4) Study design: the randomized controlled stud-
ies (RCTs) were prioritized, but the prospective
or retrospective studies were included if there
were no relevant RCTs or the sample size was
too small.

The language of the literature was unlimited.
Only those with the most extended follow-up and
complete results were included in continuous
studies from the same research team. Moreover,
studies reported in the form of reviews, confer-
ence abstracts, commentaries, animal studies,
etc., were also excluded.

Search Strategy

The two authors developed a literature
search strategy based on being fully aware of
the study protocol. Then, they independently
electronically searched the following database:
Medline via PubMed, Embase, Cochrane Li-
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brary, Web of Science, Wanfang Database,
and China National Knowledge Infrastructure
(CNKI). The studies on the safety and effi-
cacy of UBC vs. conventional instruments for
TSS published from the establishment of the
database until January 2023 were identified.
The literature search was conducted using a
combination of Subject Heading and text-word.
We adopted the following search terms: “bone
curette”, “bone cutter”, “bone scalpel”, “bone
shaver”, “osteotome”, “piezosurgery” “ultra-
sonic aspirator”, and the search formula is
following: (((((Bone Curette) OR (Bone Cut-
ter)) OR (Bone Scalpel)) OR (bone shaver))
OR (osteotome)) OR (ultrasonic aspirator)) OR
(piezosurgery)) AND (((Thoracic) OR (Spinal))
OR (Decompression)). Moreover, we conducted
a manual search of the included studies and
relevant references to identify potential studies
that were not included in the initial search.

Literature Screening and

Data Extraction
According to the given search strategy, poten-

tial studies initially retrieved will be imported
into the literature management tool EndNote
(Thomson Corporation, Stanford, CT, USA). Du-
plicate records from multiple databases in the
EndNote will be identified and retained only
once. Two authors independently labeled each
study as “include”, “exclude”, or “uncertain” by
browsing titles and abstracts. Both authors’ re-
cords marked as “exclude” will be directly de-
leted. The decision to be included in this study
will be made by reading the full text.

Two authors independently extracted the data
from each literature included in this study. The
data were then populated into a pre-made sum-
mary table. Disagreements between the authors
will be resolved by consultation with a third
author. The following data from each study were
extracted:

1) Study characteristics: first author, location of
the study, study period, and study design.

2) Patients’ characteristics: age, gender, inclusion
criteria, intraoperative decompression devices,
and commodities.

3) Surgery-related indicators: operative time, in-
traoperative blood loss, clinical evaluation, and
complications.

Quality Assessment

We adopted the Newcastle-Ottawa Quality
Assessment Scale (NOQAS) to evaluate the
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methodological quality of the included obser-
vational studies'*">. The evaluation criteria in-
cluded eight entries under three broad catego-
ries of study population selection, comparabil-
ity between groups, and evaluation of outcome
measures, with a total of 9 points; an asterisk
marks each entry. Studies were considered high
quality if marked with asterisks greater than or
equal to 6; otherwise marked as low quality'®.
Intraoperatively dural and nerve root injuries
usually have corresponding clinical manifesta-
tions in a short period. Therefore, the studies
with a follow-up time of more than 12 months
have an adequate follow-up for the observation
of outcome measures. We considered studies
with a loss rate of less than 25% as having
maintained the continuity of follow-up. Two
authors independently evaluated the quality of
each study included in this study. Disagree-
ments were resolved by discussion between the
authors or by consultation with a third author
with more than 3 years of experience in litera-
ture’s quality assessment.

Statistical Analysis

This study used RevMan 5.4 software (Review
Manager Web, The Cochrane Collaboration, Co-
penhagen, Denmark) to analyze the data. Mean
difference (MD) and 95% confidence intervals
(95% CI) were used as the effective indicators
for continuous data with the same unit of mea-
surement; otherwise, we adopted the standard-
ized mean difference (SMD). Moreover, we used
relative risks (RR) and 95% CI as the effective
indicators for dichotomous data. A statistical dif-
ference was considered if the p-value was lower
than or equal to 0.05.

We used quantitative I’ to detect the het-
erogeneity among the included studies. The P
value of more than 75% indicated high hetero-
geneity, 50%-75% as moderate heterogeneity,
and less than 50% as low heterogeneity'. If
the heterogeneity among studies was high, a
random-effects model was used for statisti-
cal analysis. Moreover, the subgroup analysis
or meta-regression analysis was performed to
explore the sources of heterogeneity. The fixed-
effects model was used to pool the data for low
heterogeneity among studies. We performed
sensitivity analyses by removing studies in-
dividually to verify that the pooled statistical
effect was robust. We used the funnel plots to
detect potential publication bias.
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Results

Literature Search

Based on the established search strategies,
we searched electronic databases and initially
screened 1,075 articles that potentially met in-
clusion criteria. The literature management tool
eliminated one hundred fifty-eight duplicate pub-
lications from multiple databases. Reading the
titles and abstracts eight hundred ninety-eight
studies that did not meet the inclusion criteria
were excluded. The full text of the remaining 19
articles was obtained, and eleven studies'®?® were
finally included after careful review. The litera-
ture search process is shown in Figure 1.

Literature Characteristics and
Quality Assessment

The eleven included studies were all retro-
spective studies®?* and three were single-arm
uncontrolled studies®®?®. The included studies
were published from 2017 to 2021, and the study’s
sample size ranged between 15 and 100 cases.
The experimental groups included in the study
used a UBC for TLD, and the control group used
a high-speed drill for TLD in all but one of the
studies”. One of the studies'” did not describe
relevant outcome measures using means =+ stan-
dard deviations (SD), where authors could not
be contacted to request raw data. Therefore, we
used the method proposed by McGrath et al?*-?
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Figure 1. Flow diagram of study selection.
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to calculate the approximate means = SD. The
General characteristics of the included studies are
summarized in Table I.

According to the criteria of the NOS score, the
quality scores of eight included studies'®** ranged
from 6 to 8, all considered high-quality studies.
The quality assessment of the included studies is
shown in Table II.

The Results of Operative Time and
Intraoperative Blood Loss During
Single Level TLD

Four studies'®?>*% reported the operative
time for single-level TLD in both groups, with
statistically significant heterogeneity between
studies (p<0.001, P=91%), which was pooled
using a random-effects model. A total of 5 stud-
ies!®1922.23.25 reported the volumes of intraopera-
tive blood loss during single-level TLD, with
no statistically significant heterogeneity among
studies (p<0.001, ’=91%), w hich was pooled
using a fixed-effects model. The results of this
meta-analysis showed statistically significant dif-
ferences in operative time and intraoperative
blood loss between UBC and conventional instru-
mentation in single-level TLD [operative time:
MD=-1.47, 95% CI (-1.86, -1.09), p<0.001, Figure
2; intraoperative blood loss: MD=-46.62, 95% CI
(-53.83, -39.40), p<0.001, Figure 3]. In addition, a
single-arm study by Sun et al®® reported a mean
operative time of (3.0+1.4) min and intraoperative
blood loss of (108.3+47.3) ml for single-level TLD
with UBC.

Results of Total Operative Time and
Intraoperative Blood Loss

Four studies'®*'* reported total operative time
and intraoperative blood loss, with no statistically
significant heterogeneity among studies (total op-
erative time: p=0.01, ’=73%; total intraoperative
blood loss: p<0.001, =83%), which was pooled
using a random-effects model. The results of this
meta-analysis showed statistically significant dif-
ferences in total operative time and intraoperative
blood loss between the two groups [Total opera-
tive time: MD=-56.88, 95% CI (-69.66, -44.10),
p<0.001, Figure 4; total intraoperative blood loss:
MD=-143.52, 95% CI (-212.49, -74.54), p<0.001,
Figure 5]. In single-arm uncontrolled studies, Li
et al**and Yang et al”’ reported that the mean total
operative time during TLD with UBC was 112.7
min (range 45 to 180) and (83.7+12.3) min, re-
spectively, and the intraoperative total blood loss
was 24.9 (range 15 to 48) ml and (513.8+217.0) ml.
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The Pooled Results of
Perioperative JOA Score

There were eight studies'®?%, seven stud-
ies'®1%215 - and three studies’™** that reported
preoperative JOA scores, last follow-up JOA
scores, and improvement rate of JOA scores (%),
respectively. The results of this meta-analysis
showed no statistically significant differences
in preoperative JOA score, last follow-up JOA
score, and improvement rate of JOA score (%)
between the two groups [Preoperative JOA score:
MD=0.17, 95% CI (-0.46, 0.12), p=0.25; last fol-
low-up JOA score: MD=0.43, 95% CI (-0.44,
0.13), p=0.33; improvement rate of JOA score
(%): MD=5.0, 95% CI (-2.53, 12.54), p=0.19,
Figure 6].

The results from three single-arm studies?®-
demonstrated significant improvement in JOA
scores at the last follow-up for TLD with UBC
compared to that of preoperative JOA scores
(Li et al®®: 5.87+1.41 vs. 9.87+1.06; Yang et
al?”: 6.2+0.8 vs. 8.9£1.0; Sun et al®®: 4.7+0.9 vs.
10.1£0.6). The postoperative improvement rate
of JOA score (%) in these three studies was:
78.3%76, 58.8%?7, and 85.8%7, respectively.

The Pooled Results of Intraoperative and
Postoperative Complications

The eight included studies'™? reported the
incidence of intraoperative and postoperative
complications. Statistical analysis of the inci-
dence of cerebrospinal fluid (CSF) leakage/dura
injury and neurological deterioration/nerve root
injury showed no statistically significant hetero-
geneity among studies (CSF leakage/dura injury:
p=0.84, P=0%; neurological deterioration/nerve
root injury: p=0.90, ’=0%), which was pooled
using a fixed-effects model. Meta-analysis re-
vealed no statistically significant difference in
CSF leakage/dural injury incidence during TLD
[RR=0.68, 95% CI (0.41, 1.13), p=0.14, Figure
7]. However, a statistically significant difference
in the incidence of neurological deterioration/
nerve root injury was detected between the two
groups [RR=0.29, 95% CI (0.09, 0.91), p=0.03,
Figure 7]. The incidence of CSF leakage/dura
injury and neurological deterioration/nerve root
injury was 14.80% (31/210) and 1.90% (4/210),
respectively.

Three single-arm studies*-*® have also re-
ported the incidence of these complications,
with Sun et al*® reporting the incidence of CSF
leakage and neurological deterioration of 21.4%
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Table I. General characteristics of the included literature.

Sex (male/female) Age (years) Preoperative JOA score
Observation
Author Country Experimental Control Experimental Control Diagnostic | Experimental Control indicators

Lu et al® China 13/5 5/7 58.3 (45-73) 55 (45-67) TSS 9.0+ 1.1 89+1.2 DED®
Krishnan et al" India 26/19 24/31 56.33 £ 11.63 53.51+12.24 TSS 497+ 1.57 498+ 1.56 | @@@ED®
Rajdeep et al* India 23/9 31/14 58.6+12.6 576 +72 TOLF 425+19 427+1.7 @0e0®
Liu et al”! China 14/4 16/7 60.2+9.5 577+123 TOLF 57+2.0 5.6+ 1.8 @06eD®
Pan et al* China 17/9 15/11 523+6.5 53.4+6.8 TOLF 47+1.2 49+ 1.6 DOED®
Li et al® China 10/11 21/32 56.38 £8.32 59.00 + 7.47 TOLF 5.67+1.71 6.09+194 | ©BOGEOD®
Peng et al** China 8/13 6/11 544+75 527473 TOLF 3.52+1.08 3.59+£094 | @@E®®
Hui et al® China 19/10 18/12 57.1+83 54.6+72 TOLF 4.67+1.42 453+137 | ©@OBG@®
Lietal* China 11/4 NC 56.3 (44-78) NC TOLF 9.87 £ 1.06 NC @0eeD®
Yang et al”’ China 16/11 NC 547+8.5 NC TOLF 6.2+0.8 NC @Be0®
Sun et al*® China 12/16 NC 49.7+8.5 NC TSS 47+0.9 NC DOOE®D®

TSS, Thoracic spinal stenosis; TOLF, Thoracic ossified ligamentum flavum; NC, No clear; @ Single-level laminectomy time; @ Operation time; @ Single-level laminectomy
bleeding volume; @ Total intraoperative blood loss; ® Last follow-up JOA score; ® Improvement rate of JOA score (%); @ Incidence of cerebrospinal fluid leakage or dura injury;
Incidence of neurological deterioration or nerve root injury.
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Table II. Quality assessment of the included clinical controlled trials.

Study Selection Comparability Exposure NOS score)
Luetal®® S Fk *k *k 7
Krishnan et al" Kk k ok *k 7
Rajdeep et al* Kkk * sk k 8
Liu et al* *k *k *k 6
Pan et al*? Kok k Kok *k 7
Li et al® Fook ok *k *k 7
Peng et al** Kk k *k *k 7
Hui et al® %k ok ok 6

A star (%) marks each entry of Newcastle-Ottawa Quality Assessment Scale (NOQAS), and studies were considered high quality
if marked with asterisks greater than or equal to 6.

UBC Conventional Mean Difference Mean Difference
I_Mean | Weight IV, Ran 5% ClI IV, Random, 95% CI
Lu 2019 33 12 18 6 18 12 241% -2.70[-3.86,-1.54] — =
Pan 2017 37 1 26 62 2 26 258% -2.50[-3.36,-1.64] —=
Li 2018 6.09 227 21 992 37 53 226% -3.83[-522,-244] — =
Hui 2020 184 092 29 247 1 30 275%  -0.63[-1.12,-0.14] =
Total (95% Cl) 94 121 100.0%  -2.34[-3.80, -0.87] —~—
Heterogeneity: Tau? = 1.98; Chi2 = 32.18, df = 3 (P < 0.00001); 12 = 91% ; f f t
Test for overall effect: Z=3.11 (P = 0.002) 4 -2 0 2 ‘4
: ' : Favours [UBC] Favours [Conventional]

Figure 2. Forest plot of the meta-analytic estimate for operative time during single-level thoracic laminectomy decompression.

UBC Conventional Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed. 95% Cl
Lu 2019 105.5 433 18 1774 547 12 3.8% -71.90[-108.75, -35.05]
Krishnan 2021 98.35 46.46 45 148.88 68.45 55 10.2% -50.53 [-73.15, -27.91]
Pan 2017 107.2 33 26 163.9 455 26 11.2% -56.70[-78.30, -35.10] -
Li 2018 129.44 40.27 21 186.28 35.46 53 13.4% -56.84[-76.53, -37.15] -
Hui 2020 95.68 17.44 29 136 18.65 30 614% -40.32[-49.53,-31.11] i
Total (95% Cl) 139 176 100.0% -46.62 [-53.83, -39.40] L 4
Heterogeneity: Chi? = 5.59, df = 4 (P = 0.23); I? = 28% " 1’00 50 0 5’0 ; (’)0
Test for overall effect: Z = 12.66 (P < 0.00001) Favours [UBC] Favours [Conventional]

Figure 3. Forest plot of the meta-analytic estimate for intraoperative blood loss during single-level thoracic laminectomy

decompression.

uUBC Conventional Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Krishnan 2021 102.86 20.11 45 147.21 15.27 55 36.2% -44.35[-51.48, -37.22] -
Bagga 2021 1256.8 49.5 32 1894 525 45 17.6% -63.60[-86.61, -40.59] -
Liu 2019 196 39 18 285 65 23 11.4% -89.00[-121.10, -56.90] -
Peng 2019 120.48 11.72 21 17647 14.12 17 34.8% -55.99[-64.37, -47.61] -
Total (95% CI) 116 140 100.0% -56.88 [-69.66, -44.10] >
ity 2 — .- Chi2 = = = .12 = 7309 t + T t +

-Il-_letetzl;ogeneltyl.l T?fu : ;0_4.803,2C2|< 01010.53,1df 3(P=0.01);2P=73% -100 50 0 50 100

est for overall effect: Z = 8.72 ( : ) Favours [UBC] Favours [Conventional]

Figure 4. Forest plot of the meta-analytic estimate for total operative time.
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Mean Difference Mean Difference

IV, Random, 95% CI

UBC Conventional
Study or Subgroup Mean SD Total Mean SD Total Weight
Krishnan 2021 244.42 71.26 45 349.55 47.16 55 35.5%
Bagga 2021 4931 217.7 32 521.7 308.3 45  17.9%
Liu 2019 417 182 18 768 301 23 13.6%
Peng 2019 444.29 56.26 29 605.88 95 30 33.1%
Total (95% CI) 124 153 100.0%

Heterogeneity: Tau? = 3336.66; Chi? = 17.18, df = 3 (P = 0.0006); I = 83%
Test for overall effect: Z = 4.08 (P < 0.0001)

-105.13 [-129.40, -80.86]
-28.60 [-146.09, 88.89] —
-351.00 [-500.00, -202.00] —=———
-161.59 [-201.28, -121.90] =
-143.52 [-212.49, -74.54] -
-500 -250 0 250 500

IV, Random, 95% CI
L 3

Favours [UBC] Favours [Conventional]

Figure 5. Forest plots of the meta-analytic estimate for total intraoperative blood loss.

(6/28) and 7.1% (2/28). However, CSF leakage
and neurological deterioration did not appear in
the studies of Li et al*®and Yang et al?’.

Sensitivity Analysis and Publication Bias

Sensitivity analysis effectively verified the ro-
bustness of the outcome measures after pooling.
We performed sensitivity analyses by removing
studies individually for the outcome measures

with more than five included studies. The results
showed that there were no statistical differences
in operative time and intraoperative blood loss
during single-level TLD, total operating time and
intraoperative blood loss, JOA scores at the last
follow-up, the improvement rate of JOA score,
and the incidence of CSF leakage/dura defect,
indicating that the above outcome measures were
better robust, and the strength of evidence was

UBC Conventional
|_Study or Subgroup Mean
1.1.1 Preoperative JOA scores

Heterogeneity: Tau? = 0.00; Chi? = 1.96, df = 6 (P = 0.92); I>= 0%
Test for overall effect: Z=1.16 (P = 0.25)

1.1.2 Last follow-up JOA score

Subtotal (95% CI) 178
Heterogeneity: Tau? = 1.22; Chi? = 80.33, df = 6 (P < 0.00001); I = 93%
Test for overall effect: Z = 0.98 (P = 0.33)

1.1.3 Recovery rate of JOA score (%)

Heterogeneity: Tau? = 0.00; Chi? = 0.48, df =2 (P = 0.79); 1= 0%
Test for overall effect: Z =1.30 (P = 0.19)

SD Total Mean SD Total Weight IV, Random, 95% CI

Lu 2019 4.2 2 18 3.9 21 12

Krishnan 2021 497 1.57 45 498 1.56 55 21.7%
Bagga 2021 4.25 1.9 32 427 1.7 45 12.1%
Liu 2019 5.7 2 18 5.6 1.8 23 5.9%
Pan 2017 4.7 1.2 26 49 1.6 26 13.9%
Li 2018 567 1.7 21 6.09 194 53 10.2%
Peng 2019 352 1.08 21 359 094 17 19.9%
Hui 2020 4 142 29 453 137 30 16.2%
Subtotal (95% CI) 192 249 100.0%

Lu 2019 9 1.1 18 8.9 1.2 12 14.0%
Krishnan 2021 9.35 0.76 45 736 0.76 55 15.9%
Liu 2019 8.2 21 18 8 22 23 11.8%
Pan 2017 8.9 1 26 8.8 14 26 14.8%
Li 2018 924 148 21 892 194 53 14.1%
Peng 2019 8 1.3 21 776 1.3 17 141%
Hui 2020 6.95 0.9 29 7.03 097 30 15.4%

216 100.0%

Bagga 2021 528 243 32 448 261 45 44.0%
Liu 2019 57.3 30.3 18 541 274 23 17.7%
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Figure 6. Forest plots of the meta-analytic estimate for perioperative JOA scores.



F.-Y. Chen, X.-D. Wei, X.-P. Yang, C.-Q. Yu, S.-Q. Huang, J.-X. Ou, X.-P. Mu, J.-X. Wei
Experimental Control Odds Ratio Odds Ratio
| Study or Subgroup  Events Total Events Total Weight M-H, Fixed,95% Cl M-H, Fixed, 95% CI
1.6.1 Incidence of cerebrospinal fluid leakage or dura defect
Lu 2019 4 18 5 12 12.4% 0.40 [0.08, 1.98] -
Krishnan 2021 9 45 11 55 21.1% 1.00[0.37, 2.68] - T
Bagga 2021 4 32 13 45 251% 0.35[0.10, 1.20] I
Liu 2019 3 18 6 23 1M1.7% 0.57 [0.12, 2.67] "
Pan 2017 4 26 5 26 11.2% 0.76 [0.18, 3.24] - 1
Li 2018 4 21 11 53 13.4% 0.90 [0.25, 3.22] - T
Peng 2019 3 21 2 17  5.0% 1.25[0.18, 8.49]
Hui 2020 0 29 0 30 Not estimable
Subtotal (95% Cl) 210 261 100.0% 0.68 [0.41, 1.13] -
Total events 31 53
Heterogeneity: Chi? = 2.76, df =6 (P = 0.84); I = 0%
Test for overall effect: Z=1.48 (P =0.14)
1.6.2 Incidence of neurological deterioration or nerve root injury
Lu 2019 0 18 0 12 Not estimable
Krishnan 2021 2 45 9 55 59.4% 0.24 [0.05, 1.16] L
Bagga 2021 1 32 3 45 18.5% 0.45 [0.04, 4.55] -
Liu 2019 0 18 0 23 Not estimable
Pan 2017 1 26 3 26 22.1% 0.31[0.03, 3.16] =
Li 2018 0 21 0 53 Not estimable
Peng 2019 0 21 0 17 Not estimable
Hui 2020 0 29 0 30 Not estimable
Subtotal (95% CI) 210 261 100.0% 0.29 [0.09, 0.91] —e——
Total events 4 15
Heterogeneity: Chi? = 0.20, df =2 (P = 0.90); I = 0%
Test for overall effect: Z=2.12 (P = 0.03)
0.05 0.2 1 5 20
Favours [UBC] Favours [Conventional]

Figure 7. Forest plots of the meta-analytic estimate for intraoperative and postoperative complications.

higher after consolidation. However, there was
no statistical difference in the incidence of neu-
rological deterioration/nerve root injury in TLD
after excluding the study by Krishnan et al”,
[RR=0.39, 95% CI (0.08, 1.87), p=0.24], indicat-
ing that the statistical results of this indicator
were affected more by a single study, and the
pooled results were less reliable. The detection of
publication bias is less significant when the num-
ber of included studies is less than 10", Therefore,
potential publication bias can be exempted from
detection in the current study.

Discussion

Since it was reported in 1952, UBC had be-
come a standard tool in dental osteotomy because
of its ability to finely cut hard tissue and separate
soft tissue, effectively reduce surgical trauma and
provide precise control intraoperatively****. Com-
pared to high-speed drills, the bone tissue cut
by UBC has better activity. It is more conducive
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to bone repair and remodeling, with decreased
inflammatory cells and increased osteogenesis in
the periphery after bone grafting*>-.

Given its convenience, flexibility, and high
precision, it has also been widely used in spi-
nal surgery'’. However, the evidence for its
application in TLD still needs to be improved.
To the best of our knowledge, this is the first
meta-analysis to report the safety and efficacy of
UBC in TLD for treating TSS. The results of this
meta-analysis indicate that: (1) The application
of UBC and traditional surgical instruments in
TLD for the patients with TSS resulted in sig-
nificant improvement in postoperative symptoms.
(2) Compared with conventional surgical instru-
ments, using UBC for TLD is more efficient, with
shorter operative time, less bleeding, less nerve
irritation, and a lower incidence of postoperative
neurological deterioration. However, it does not
offer significant advantages in reducing the inci-
dence of dura injury.

Intraoperative blood loss is a critical indicator
for evaluating the operation’s safety. After pool-
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ing the data from multiple studies, the results of
the present work found that UBC has a significant
advantage in reducing intraoperative blood loss.
This may be related to the fact that the UBC
works with imperceptible oscillations of the tip,
which results in better flexibility and satisfactory
precision. In addition, UBC only requires less
operating space during surgery, can effectively
avoid damage to surrounding tissues, and al-
lows the operator to perform a laminectomy with
greater convenience and speed!!. The ultrasonic
cavitation effect is selective, and colloid-rich tis-
sues such as blood vessels and nerves are more
challenging to fragment. The resulting high tem-
perature can also play an excellent hemostatic ef-
fect. The ultrasonic cavitation and thermal effects
endow UBC with better hemostatic effects than
high-speed drills*®. Suzuki et al*’ also showed
that UBC generated more heat than high-speed
drills, with attention to continuous water cooling,
thus avoiding damage to surrounding tissues.

It has been shown***! that the efficacy of UBC
applied in spine surgery is similar to that of
conventional surgical instruments. The results
of our study support this notion. The results
indicated that the choice of surgical instruments
had no influence on the efficacy of TLD for the
patients with TSS, and UBC or traditional surgi-
cal instruments could all provide a good decom-
pression. The recovery of neurological function
after surgery is mainly related to the operator’s
decompression level. However, good surgical in-
struments might play an auxiliary role.

UBC has the effect of selectively cutting hard
tissues, which can avoid iatrogenic injury to
blood vessels, and dura mater during spine sur-
gery, reduce the incidence of complications, and
theoretically have a higher safety'**. However,
the results of this meta-analysis revealed no sig-
nificant difference in the incidence of cerebrospi-
nal fluid (CSF) leakage or dura injury between
the two groups. These results were consistent
with the findings of Bydon et al** and Moon et
al*!. CSF leakage or dura injury due to UBC may
be related to oscillation transmission to essential
tissues such as the dura, spinal cord, blood ves-
sels, and nerves. Therefore, some scholars have
proposed that cotton cushions can be placed
between UBC and vital tissues for protection®’*?,
which is prohibited in high-speed drills. A por-
cine myelotomy study by Ota et al* demonstrated
that UBC is a safe surgical tool with a low risk of
dural perforation as long as it is not in vigorous
contact with the dura mater. Therefore, the oscil-

lating tip should be avoided to stay in the same
position for a long time intraoperatively, and at-
tention should be paid to controlling UBC energy
output and satisfactory intraoperative operation
for patients with dural ossification.

As with other studies'**, the current study also
suffered several limitations: (1) The number of the
included studies was small, and all were retrospec-
tive studies. Therefore, the need for more high-
quality RCTs may affect the level of evidence. (2)
Due to the limitation of the number of included
studies, the stratified analysis by follow-up time
and surgical thoracic segments could not be per-
formed, which may affect the reliability of the
conclusions. (3) There was a lack of more exhaus-
tive information on studies such as proficiency of
operator in using UBC, brands and models of sur-
gical instruments. (4) The language of the included
studies was limited to Chinese and English, which
may be subject to language bias.

Conclusions

It is safe and effective to use UBC for TLD for
the treatment of TSS. Compared with convention-
al surgical instruments, UBC can significantly
shorten the operation time and intraoperative
blood loss and has advantages in reducing peri-
operative nerve injury. Given the limitations of
this study, large sample, high-quality, multicenter
RCTs are still needed to validate the current
study’s findings.
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