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Application of nano-hydroxyapatite i

matrix graft in inter-vertebral fusion therapy:
a meta-analysis

Kui Zhang'!, Yandong Zhu?" and Wenji Wang®"

Abstract

Objective Nano-hydroxyapatite and its composites(nHA) have been widely used as grafts in inter-vertebral fusion.
However, the safety and efficacy of the graft in inter-vertebral fusion is controversial. This meta-analysis aimed at
evaluating the safety and efficacy of nHA and non-hydroxyapatite grafts (noHA) (autologous bone, etc.) in inter-body
fusion.

Materials and methods A comprehensive search was performed in electronic database as follows: PubMed,
EMBASE, the Cochrane Library, Web of Science, and China National Knowledge Internet (CNKI) from inception until
October 2022. Clinical studies on the effect of nHA and noHA in spinal fusion were collected. Analysis of outcome
indicators using RevMan 5.4 statistical software.

Results The meta-analysis showed that the operation time of patients who underwent inter-body fusion with
nHA grafts was less than that of patients who underwent noHA (p < 0.05). Compared with the noHA group, the
nHA group can achieve similar clinical effects in the fusion rate(OR=1.29,95%Cl: 0.88 to 1.88,0=0.19),Subsidence
rate(OR=1.2,95%Cl:0.44 to 3.28 p=0.72), inter-vertebral space height(SMD =0.04,95%CI-0.08 to 0.15,0=0.54),Cobb
angle(SMD=0.21,95%Cl: 0.18 to 0.6,0=0.21),Blood loss(SMD =-36.58,95%Cl: -81.45 to 8.29,0=0.11),0perative time
in 12 months(SMD =-5.82,95%Cl: -9.98 to -1.67,0=0.006) and in the final follow-up(SMD=-0.38,95%Cl: -0.51 to -0.26
0 <0.00001),0DI(SMD =0.68,95%Cl: -0.84 t0 2.19,p=0.38), VAS(SMD =0.17,95%Cl: -0.13 t0 0.48,p=0.27) and adverse
events(OR=0.98,95%Cl: 0.66 to 1.45,0=0.92), and the differences are not statistically significant.

Conclusion This meta-analysis suggests that nHA matrix grafts are similar to noHA grafts in the safety and efficacy of
spinal reconstruction, and are an ideal material for inter-vertebral bone grafting.
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Introduction

Inter-body fusion is a routine operation for the treat-
ment of spinal degenerative diseases [1]. It achieves clini-
cal effects such as correcting deformity, reconstructing
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Nano-hydroxyapatite (nHA) is the main mineral in nat-
ural bones. Because of its similar chemical and physical
properties to human bones, good biological activity and
bone conductivity, it has a broad environment in medical
applications [10, 11]. nHA matrix graft is a new type of
bone reconstruction and bone repair material in recent
years. It has been widely used in clinical practice and has
achieved good clinical results [12]. Relevant literature
studies have shown that nHA grafts have stable biome-
chanics, similar elastic modulus to the bone tissue, and
good biocompatibility [13]. In patients with inter-verte-
bral fusion, it has the characteristics of less complication,
high fusion rate and good bone resorption. It is a widely
used bone graft filling material [14, 15]. At present, there
have been some clinical studies on the safety and efficacy
of nHA grafts and noHA matrix grafts in inter-vertebral
fusion [14, 16—26]. Some research conclusions [14, 19, 23,
26, 27] is controversial, but no relevant systematic analy-
sis has been found to demonstrate these conclusions.
Therefore, this study collected relevant clinical studies,
to take a meta-analysis method to analyze the safety and
efficacy of nHA matrix graft in inter-body fusion.

Material and methods
Data sources and searches
This study was performed using a prior established pro-
tocol, and was conducted in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Extension Statement for sys-
tematic reviews incorporating network meta-analyses.
An extensive search of PubMed, Web of Science,
China National Knowledge Internet (CNKI), EMBASE,
and the Cochrane Library from the establishment date
of the database to October 2022 was used the following
key search terms: “hydroxyapatite’, “bone graft’, “Bone
Transplantation’, “spine”, “lumbar vertebrae’, “thoracic
vertebra’, “cervical vertebra’, “Arthrodesis”. Lists of refer-
ences cited in relevant systematic reviews and included
trials were also screened. Two investigators conducted

the search independently.

» o«

Inclusion and exclusion criteria
Inclusion criteria were as follows:(i) Retrospective case—
control studies (RPCT), randomised controlled trials
(RCT), prospective case—control studies (PCCT); (ii)
Patients must undergo inter-vertebral fusion surgery; (iii)
Patients were followed up for more than 24 weeks; (iv)
sufficient published data to estimate odds ratio (OR), or
standardized mean difference (SMD) with a 95% confi-
dence interval (CI).

Studies were considered exclusion for this study if
they met the following criteria:(i) meeting proceedings,
abstracts, letters, editorials, reviews or case reports; (ii)
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Research without a full-text (iii) Studies lacking compara-
ble results; (iv) no outcomes of interests; and (v) repeated
reports.

Study selection

Two researchers independently developed the search
strategy and sifted through all the initial literature results.
Initial literature screening was performed by evaluat-
ing the titles and abstracts of the studies. The final two
researchers determined the final inclusion literature
by reading the full text according to establish inclusion
and exclusion criteria. Disagreements on inclusion were
resolved through discussion and consensus.

Outcome measures
Two researchers independently extracted available data
from the included literature for analysis by reading the
full text. The basic characteristics of the study (author,
publication date, design type, publication country),
demographic data of patients (age, sample size, follow-up
time, surgical method) and the main outcome indicators
of the study (fusion rate, subsidence rate, inter-vertebral
space height (IH), Cobb angle, blood loss, operative time,
the Oswestry Disability.

Index (ODI), the Visual Analogue Scale score (VAS),
adverse events) were extracted from the final included
study.

Data quality assessment

The two researchers independently assessed the quality
of the included studies based on the Newcastle—Ottawa
Scale (NOS), which covered three areas: object selection,
condition suitability and exposure. The highest score of
each study was nine, and > 6 were considered to be supe-
rior-quality studies. Disagreements regarding inclusion
were resolved through discussion and consensus.

Data synthesis and analysis

Statistical analyses were performed using Review Man-
ager (RevMan) [Computer program]. Version 5.4. The
Cochrane Collaboration, 2020. The results for the dichot-
omous effect size are computed using the OR and the
continuous effect size results from SMD.A 95% CI were
determined for each effect size. Chi-squared tests and
I-squared (I%) statistics were tested for the heterogeneity
in each study. The heterogeneity of each study was tested
by Chi-squared tests and I-squared (I?) statistics. When
p>0.1 and I*<50%, with low heterogeneity, the analysis
was performed using a fixed effect model. Instead, a ran-
dom effect model was applied to the analysis. Sensitivity
analysis was performed by excluding some studies and
calculating the effect results.
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Results

A total of 484 relevant studies were retrieved from the
relevant databases. After removing duplicates, 298 arti-
cles remained. Then, 158 studies were discarded by title
and summary reading. Through full-text reading of the
remaining 140 papers, 121 studies were excluded due to
incomplete full-text, inconsistencies, or missing results
on the effect of the study. A total of 19 studies [4, 14,
16, 18-33] were included in the meta-analysis (Fig. 1).
In addition, all included studies can be considered to
be of relatively high quality based on the results of the
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NOS rating scale. See Table 1 for more detailed basic
features.

Fusion rate

The follow-up time for the fusion rate varied widely,
ranging from 6 to 84 months. Therefore, the subgroup
analysis is based on the time period.

Fusion rates at 12 months after surgery from seven
studies [14, 19, 20, 22, 23, 28, 31] including 919 patients
were available for analysis. A fixed-effect model was
adopted as the heterogeneity among included studies was

484 of records
identified through
database searching
(pubmed of Science,

sources

0 of additional records
identified through other

CNKI the Cochrane
Library)

!

298 of records after duplicates
removed

298 of records screened

140 of full-text articles
assessed far eligibility

19 of studies included in
qualitative synthesis

19 of studies included in
quantitative synthesis
(meta-analysis)

Fig. 1 PRISMA flow diagram of study selection for the current meta-analysis

158 of records excluded:
case repaorts,reviews letters

editorials,animal
experiments

121 of full-text articles excluded,
with reasons

Full text not found
(n=24);Insufficient data(n =34)

No outcomes of interest
(n=48);repeated reports (n=4)

lacking comparable results (n=11)
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Table 1 Basic characteristics of enrolled studies
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Author/year Country Study design Age Sample Size  Type of surgery Outcome indicators Follow-up NOS score
(years) nHA/noHA(n) time
(months)

D.Neen 2006 [16] UK PCCT 49/48 50/50 PLIF IO 24 7
E.Dawson 2009 [19] USA PCCT 55.9/56.9  25/21 PLDIF 066,009 24 8
X.H.Liu 2012 [30] China PCCT 514/524  31/26 ACDF 02RD®O® 24 7
JXLiang 2018 [29] China PCCT 50.5/52.5  124/50 ACDF DRRDB®IO® 52 8
C.Zhu 2021 [26] China PCCT 545/553  32/32 TUF 060 47 7
T.Yoshii 2021 [25] Japan PCCT 702/738  46/46 PLIF D9 24 8
J.Delecrin 2000 [32] France  RCT 182/17.5  28/30 PLIF @®6.6,9 24 8
JRMcConnell 2003 [33] UK RCT 47/47 13/16 ACDF 020 24 8
PKorovessis 2005 [27]  Greece  RCT 58/61 20/19 PLDIF 60.6.0® 48 8
JR.Dimar 2009 [14] USA RCT 532/523  239/224 PLDIF 06,69 24 7
N.H.vonderHoeh 2017 Germany RCT 643/656 24/24 TLIF O.0.®9 12 8
[22]

JH.Cho 2017 [21] Korea RCT 64.9/62  42/51 PLDIF 0009 6 8
M Rickert 2019 [23] Germany RCT 60.6/66.1  20/20 ALIF 0B 12 8
W.Chen 2020 [28] China RCT 486/48  19/10 TUF ORDB®DO® 36 7
BL.Ma 2016 [31] China  RCT 492/48  20/10 TLIF 060009 12 7
W.C.Chang 2009 [18] China RPCT 58.5/51.39 22/23 ACDF [OJC) 6 7
Qx.Deng 2016 [20] China RPCT 53.2/536  124/142 TLIF D2BD®OBOB®O® 47 8
B.Hu 2019 [4] China RPCT 52.5/51.3  47/51 ACDF OIOIOIOISIOIOIOR 7
Tayfun Cakir 2021 [24] ~ Turkey — RPCT 614/66.1  54/51 PLIF ®0®® 60 8

PCCT Prospective case-control study, RCT Randomized controlled study, RPCT Retrospective case—control study, PLIF Posterior lumbar intertransverse fusion, PLDIF
Posterior lumbar decompression and intertransverse fusion, ACDF Anterior cervical decompression and fusion, TLIF Transforaminal lumbar inter-body fusion. (Dfusion
rate,@Subsidence rate,Qinter-vertebral space height,@Cobb angle,®blood loss,®operative time, DODI@®VAS,@adverse events

relatively low (Chi’*=6.29, p=0.39, [*=5%) (Fig. 2). As a
result, the amount of fusion rate in nHA patients was no
significant difference in noHA patients (OR=1.29,95%CI:
0.88 to 1.88, p=0.19).

Data on fusion rates at final follow-up after surgery
were assessed in 16 studies [4, 14, 16, 18-23, 25, 26,
28-31, 33], including 1660 patients. Low heterogeneity
was observed across each study (Chi*=19.27, p=0.08,
>=38%), so the fixed-effect model was adopted. Again,
the results exhibited no significant difference in the
fusion rate between the two groups at the final follow-up
(OR=1.24,95%CI: 0.84 to 1.81, p=0.28) (Fig. 2).

Subsidence rate

A total of five included studies [4, 20, 29, 30, 33] with 725
patients examined the settling rates in both groups. The
random-effect model was then employed because of high
heterogeneity (Chi*=8.58, p=0.0.07, ?’=53%) (Fig. 3).
It was not significantly different between the two groups
(OR=1.2,95%CI:0.44 to 3.28, p=0.72).

Inter-Vertebral space height (IH)
Seven studies [4, 20, 24, 26, 28—30] consisting of 864
patients documented IH. The heterogeneity among

included studies was relatively low (Chi*=3.98, p=0.68,
I>=0%) and the fixed-effect model was used for analysis
(Fig. 4). It was not significantly different between the two
groups (SMD =0.04,95%CI: -0.08 to 0.15, p=0.54).

Cobb angle

Regarding the Cobb angle, 842 patients from eight stud-
ies [4, 20, 26, 28—32] were pooled in the analysis. There
was low heterogeneity across each study (Chi’=5.62,
p=058, 2=0%) and we used the fixed-effect model
(Fig. 5). No significant difference was found between the
nHA and the noHA groups (SMD=0.21,95%CI: 0.18 to
0.6, p=0.21).

Blood loss

With respect to blood loss during surgery, ten studies [4,
14, 19, 20, 26-29, 31, 32] consisting of 1267 patients were
pooled for this outcome using a random effect model
due to high heterogeneity. (Chi’=107.33, p<0.0001,
1=92%) (Fig. 6). Again, the results did not show a sig-
nificant difference in blood loss between the two groups
(SMD =-36.58,95%CI: -81.45 to 8.29, p=0.11).
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Study or Subgroup

nHA

(2023) 24:427

noHA
Events Total Events Total Weight M-H. Fixed, 95% CI

1.1.1 12 months
B.L.Ma 2016
E.Dawson 2009
J.R.Dimar 2009
M.Rickert 2019

N.H.vonderHoeh 2017

Qx.Deng 2016
W.Chen 2020
Subtotal (95% Cl)
Total events

18 29
17 19
182 208
18 19
23 24
139 158
18 19

477
415

9
13
151
15
22
155
9

374

10
20
183
17
24
178
10
442

Heterogeneity: Chi*=6.29, df=6 (P=0.39), F=5%
Test for overall effect: Z=1.32(P=0.19)

1.1.2 The final follow-up

B.Hu 2019

B.L.Ma 2016

C.Zhu 2021

D.Neen 2006
E.Dawson 2009
J.H.Cho 2017
J.R.Dimar 2009
J.R.McConnell 2003
JXLiang 2018
M.Rickert 2019

N.H.vonderHoeh 2017

QxDeng 2016
T.Yoshii 2021
W.C.Chang 2009
W.Chen 2020
X.H.Liu 2012
Subtotal (95% Cl)
Total events

46 47
18 29
32 32
42 50
19 20
41 41
186 194
9 12
124 124
18 19
23 24
147 1589
44 46
14 23
19 19
43 44
883

825

50
9
32
47
12
48
151
11
50
15
22
163
41
18
10
35

714

51
10
32
50
18
51
169
14
50
17
24
178
46
22
10
35
77

Heterogeneity: Chi®*=19.27, df=12 (P =0.08); = 38%
Test for overall effect: Z=1.08 (P =0.28)

Total (95% CI)
Total events

1360
1240

1088

1219

Heterogeneity: Chi*=25.61,df=19 (P=0.14); F=26%
Test for overall effect: Z=1.70 (P =0.09)
Test for subaroup differences: Chi*=0.02. df=1 (P=0.87).F=0%

Fig. 2 The forest plot of fusion rate of nHA group versus noHA group
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Odds Ratio Odds Ratio
M-H. Fixed, 95% CI
54%  0.18[0.02, 1.64]
1.4% 4.58[0.81,25.80] .
21.2%  1.48(0.85, 2.60] T
0.9% 2.40([0.20,29.13]
1.0% 2.09[0.18,24.73]
19.4%  1.03[0.54,1.96] ——
0.7% 2.00[0.11,35.81]
49.8%  1.29[0.88, 1.88] 4
11% 0.92[0.06,15.14]
54%  0.18[0.02,1.64]
Not estimable
7.9%  0.34[0.08,1.35] T
0.7% 9.50[1.01,88.97]
0.5% 5.99[0.30,119.35] e
7.0% 277117, 6.55] —
27%  0.82[0.13,5.08]
Not estimable
0.9% 2.40(0.20,29.13]
1.0% 2.09[0.18,24.73]
122%  1.13[0.51, 2.49] —
1.9% 2.68[0.49, 14.60] —
76%  0.35[0.09,1.36] —
Not estimable
1.4% 0.41[0.02,10.34]
50.2%  1.24[0.84, 1.81] L 4
100.0%  1.26 [0.96, 1.65] »
002 01 1 10 50

Favours [nHA]

nHA noHA Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H.Random, 95% CI
B.Hu 2019 5 47 5 51 240% 1.10[0.30, 4.09]
J.R.McConnell 2003 9 18 2 19 183% 8.50[1.50, 48.09]
JXLiang 2018 2 124 3 50 17.3% 0.26 [0.04,1.59]
Q.X.Deng 2016 12 159 16 178 32.6% 0.831[0.38,1.80]
XH.Liu 2012 1 44 0 3% 78% 2.4510.10, 61.96]
Total (95% CI) 392 333 100.0% 1.20 [0.44, 3.28]
Total events 29 26

Heterogeneity: Tau®= 0.64; Chi*=8.58, df=4 (P=0.07), I*=53%
Test for overall effect. Z=0.36 (P=0.72)

Fig. 3 The forest plot of Subsidence rate of nHA group versus noHA group

Favours [noHA]

Odds Ratio

M-H, Random, 95% CI
PR

_—

~a(f—

002 01
Favours [nHA]

10 50
Favours [noHA]



Test for overall effect: Z=0.61 (P =0.54)

Fig. 4 The forest plot of inter-vertebral space height of nHA group versus noHA group

Study or Subgroup  Mean
B.Hu 2019 16.8
B.L.Ma 2016 11.8
C.Zhu 2021 12.7
J.Delecrin 2000 24
JXLiang 2018 58
Q.x.Deng 2016 16.82
W.Chen 2020 11.4
X.H.Liu 2012 6.08
Total (95% CI)

Heterogeneity: Chi*=

nHA
SD Total
131 47
217 20
1.4 32
10.3 27
2 124
56 159
21 19
2.89 31
459

Mean
18.4

121
277
59
16.38
118
571

noHA

SD Total Weight

127
2.83
11
9.9
2
6.11
25
3.25

562,df=7(P=0.58),F=0%

Mean Difference
IV, Fixed, 95% CI

Favours [nHA]
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nHA noHA Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

B.Hu 2019 1.71 064 47 163 0.71 51 17.9% 0.08[0.19,0.35] I

C.Zhu 2021 15 16 32 1 11 32 28% 050[-017,1.17] ]

JXLiang 2018 6 11 124 62 12 50 8.6% -0.20[-0.58,0.18] —

Q.x.Deng 2016 165 087 159 165 097 178 331% 0.00[0.20,0.20] ——

Tayfun Cakir 2021 7.1 088 54 7 21 51 33% 0.10[}0.52,072 ]

W.Chen 2020 104 11 19 10 16 10 1.0% 0.40[-0.71,1.51]

X H.Liu 2012 0.46 052 31 041 018 26 33.3% 0.05[}0.15,6025]

Total (95% CI) 466 398 100.0% 0.04[-0.08, 0.15]

Heterogeneity: Chi*=3.98, df=6 (P=0.68); *=0% '1 —DI.S lfl DTS 1'

Favours [noHA]

Mean Difference
IV, Fixed, 95% CI

51 0.6%
10 38%
32 398%
26 05%
50 351%
178 97%
10 46%
26 58%

383 100.0%

-1.60[-6.72,3.52]
-0.20 [-2.20, 1.80]
0.60[-0.02,1.22]

»~

-3.70[-9.14,1.74]
-0.10[-0.76, 0.56]
0.44[-0.81,1.69]
-0.40[-2.21,1.41]
0.37 [-1.24,1.98]

0.21[-0.18, 0.60]

2 4

Test for overall effect: Z=1.08 (P =0.28)

Fig. 5 The forest plot of Cobb angle of nHA group versus noHA group

Favours [nHA] Favours [noHA]

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI

nHA noHA
Study or Subgroup Mean SD Total Mean SD Total Weight
B.Hu 2019 86.5 413 47 84.2 397 51 151%
B.L.Ma 2016 4175 297.48 20 325 143.86 10 53%
C.Zhu 2021 3728 107 32 3787 1512 32 11.7%
E.Dawson 2009 329 2123 25 4524 210 21 7.2%
J.Delecrin 2000 2,891 1,453 28 3,350 1,165 30 0.4%
J.R.Dimar 2009 3431 2645 239 4486 301.7 224 128%
JXLiang 2018 60.5 505 124 655 45 50 15.2%
P.Korovessis 2005 371 36 20 554 76 19 13.9%
QX.Deng 2016 268.79 19352 124 236.69 201.63 142 131%
W.Chen 2020 41 289 19 325 144 10 53%
Total (95% Cl) 678 589 100.0%

Heterogeneity: Tau®= 3404.46; Chi*=107.33, df=9 (P < 0.00001); *=92%
Test for overall effect: Z=1.60 (P=0.11)

Fig. 6 The forest plot of Blood loss of nHA group versus noHA group

Operative time

Regarding the operation time, since the data included in
the analysis were taken in minutes and hours, the data
were subgroup and analyzed in subgroups by Minutes
and Hours, respectively.

2.3013.77,18.37) +

92.50 [-65.45, 250.45)
-5.90 [-70.08, 58.28]
-123.40 [-245.84, -0.96]
-459.00 [-1139.76, 221.76]
-105.50 [-157.32, -53.68]

R E—

>

-5.00 [17.50, 7.50] -
-183.00 [-220.64,-145.36] —
3210 [15.44, 79.64] T
96.00 [-61.65, 253.65] —
-36.58 [-81.45, 8.29] -
200 -100 0 100 200

Favours [nHA] Favours [noHA]

A total of nine inclusion studies [4, 20, 26—32] involv-
ing 815 patients in the Minutes group and two inclu-
sion studies [14, 19] involving 509 patients in the Hours
group examined the timing of surgery. There is low
heterogeneity among the studies (Chi’=7.18, p=0.52,
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nHA noHA Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% CI

B.Hu 2019 874 215 47 915 227 51 225% -4.10[-12.85, 4.65] —

B.L.Ma 2016 175.75 26.47 20 1835 4565 10 1.8% -7.75[-38.33,2283]

C.Zhu 2021 193 257 32 2012 242 32 115% -8.20[-20.43, 4.03] B ——

J.Delecrin 2000 254 36 28 244 52 30 3.3% 10.00[-12.89,32.89]

JXLiang 2018 90.15 3057 124 957 281 50 19.2% -5.55[-15.02,3.92] I

P.Korovessis 2005 118 18 20 135 18 19 135% -17.00[-28.30,-5.70) I

Q.x.Deng 2016 163.31 3425 124 16482 4022 142 21.5% -1.51 [10.46, 7.44)] =1

W.Chen 2020 169 25 19 184 46 10 1.8% -15.00[-45.65,15.65]

X H.Liu2012 937 352 31 975 376 26 48% -3.80[-22.84,15.24] —

Total (95% CI) 445 370 100.0% -5.82[-9.98, -1.67] <&

Heterogeneity: Chi*=7.18, df=8 (P=0.52); F=0%
Test for overall effect: Z=2.75 (P = 0.006)

20 -0 0 10 20
Favours [NnHA] Favours [noHA]

Mean Difference Mean Difference

nHA noHA
Study or Subgroup  Mean _SD Total Mean SD Total Weight
E.Dawson 2009 24 07 25 26 08 21 8.2%
J.R.Dimar 2009 25 009 239 29 1 224 918%
Total (95% CI) 264 245 100.0%

Heterogeneity: Chi*=0.73, df=1 (P =0.39), F= 0%
Test for overall effect: Z=5.97 (P < 0.00001)

Fig. 7 The forest plot of operative time of nHA group versus noHA group

I’=0%) and (Chi’=0.73, p=0.39, 1>’=0%), the fixed-
effect model was used for analysis (Fig. 7). The operation
time of nHA patients was significantly less than the time
observed in noHA patients (SMD =-5.82,95%CI: -9.98 to
-1.67, p=0.006) and (SMD=-0.38,95%CI: -0.51 to -0.26,
£<0.00001).

ODI

Regarding ODI, 736 patients from seven studies
[20, 21, 24, 27-29, 31] were pooled in the analy-
sis. There was low heterogeneity across each study
(Chi’=0.27, p=1, I’=0%) and we used the fixed-
effect model (Fig. 8). The results exhibited no signifi-
cant difference in the ODI between the two groups
(SMD =0.68,95%CI: -0.84 to 2.19, p=0.38).

IV, Fixed, 95% CI IV, Fixed, 95% Cl
-0.20 [-0.64, 0.24]
-0.40 [-0.53,-0.27] ——
-0.38[-0.51,-0.26] N
05 -025 0 025 05

Favours [nHA] Favours [noHA]

VAS

Eight studies [4, 20-24, 26, 29] consisting of 884
patients documented VAS. The fixed-effect model was
employed because of low heterogeneity (Chi’?=13.28,
p=0.07, >=47%). No significant difference was found
between nHA and noHA groups (SMD=0.17,95%CI:
-0.13 to 0.48, p=0.27) (Fig. 9).

Adverse events

For adverse events, 1,136 patients from 12 studies [4, 14,
16, 18, 19, 21-24, 28, 32, 33] were pooled in the analysis.
A fixed-effect model was adopted as the heterogeneity
among included studies was relatively low (Chi’=6.68,
p=0.82, ’=0%) (Fig. 10). As a result, the amount of
fusion rate in nHA patients was significantly less than that
in noHA patients (OR=0.98,95%CI: 0.66 to 1.45, p=0.92).

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

nHA noHA
Study or Subgroup  Mean SD Total Mean SD Total Weight
B.LMa 2016 952 1483 20 85 0.71 10 54%
JH.Cho 2017 -391 446 42 -383 436 51 0.7%
JXLiang 2018 16.05 7.08 124 1578 82 50 343%
P Korovessis 2005 43 28 20 41 27 19 0.8%
Q.x.Deng 2016 26.37 5594 124 2651 588 142 2.4%
Tayfun Cakir 2021 395 71 54 385 38 51 49.3%
W.Chen 2020 84 106 19 8 51 10 71%
Total (95% CI) 403 333 100.0%

Heterogeneity: Chi*=0.27, df=6 (P=1.00); F=0%

Test for overall effect: Z=0.87 (P =0.38)

1.02 [-5.49, 7.53]
-0.80[-18.83,17.23]
0.27 [-2.32, 2.86]
2.00 [-15.26, 19.26]
-014[-10.03,9.75]
1.00 [-1.16,3.16]
0.40[-5.32,6.12]

0.68[-0.84, 2.19]

+
-
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Fig. 8 The forest plot of ODI nHA group versus noHA group. ODI: the Oswestry Disability Index
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Favours [nHA] Favours [noHA]



Zhang et al. BMC Musculoskeletal Disorders (2023) 24:427 Page 8 of 11

nHA noHA Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

B.Hu 2019 34 2 47 32 21 51 4.0% 0.20[-0.61,1.01]

C.Zhu 2021 23 09 32 23 09 32 137% 0.00[-0.44, 0.44] .

JH.Cho 2017 -56.4 379 42 -42.4 883 51 0.0% -14.00[-40.81,12.81] ¢ g

JXLiang 2018 1.7 199 124 165 2 50 6.2% 0.05[-0.61,0.71] I

M.Rickert 2019 72 18 19 65 24 17  00% 7.00(-6.99,20.99] * g

N.H.vonderHoeh 2017 3.08 1.47 24 317 18 24 31% -0.09[-1.02,0.84]

QxDeng 2016 156 087 124 158 089 142 594% -0.02[-0.23,0.19] ——

Tayfun Cakir 2021 43 02 54 35 16 51 136% 0.80[0.36, 1.24] I —

Total (95% CI) 466 418 100.0% 0.11[-0.06, 0.27] ’

Heterogeneity: Chi*=13.28, df=7 (P=0.07); F=47%
Test for overall effect: Z=1.27 (P =0.20)
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Fig. 9 The forest plot of VAS of nHA group versus noHA group. VAS: the Visual Analogue Scale score

nHA noHA Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H., Fixed, 95% CI
B.Hu 2019 2 47 1 51 1.8% 2.22([0.19, 25.34]
D.Neen 2006 11 50 5 50 7.6% 2.54[0.81,7.94] 7
E.Dawson 2009 3 22 3 18 5.6% 0.79(0.14, 4.49] =1 1 I
J.Delecrin 2000 2 26 3 27 53% 0.67[0.10, 4.35] R I
JH.Cho 2017 4 42 9 51 143% 0.49(0.14,1.73] ——
J.R.Dimar 2009 20 239 20 224 36.9% 0.93[0.49,1.78] ——
J.R.McConnell 2003 3 12 4 14 5.4% 0.83[0.15,4.78] 1 1
M.Rickert 2019 3 19 2 17 3.5% 1.41[0.21,9.62] - .1
N.H.vonderHoeh 2017 3 24 2 24 34% 1.57[0.24,10.37] T T
Tayfun Cakir 2021 4 54 7 51 13.0% 0.50(0.14,1.83] =1
W.C.Chang 2009 1 22 0 23 09% 3.28[0.13,84.87]
W.Chen 2020 1 19 1 10 2.4% 0.50[0.03, 8.95]
Total (95% CI) 576 560 100.0% 0.98 [0.66, 1.45] ’
Total events 57 57
Heterogeneity: Chi*= 6.68, df=11 (P = 0.82); F= 0% p =02 041 150 550

Test for overall effect: Z=0.10 (P=0.92)

Favours [nHA] Favours [noHA]

Fig. 10 The forest plot of adverse events of nHA group versus noHA group

Discussion

nHA is the main mineral in natural bone. Due to its
excellent mechanical properties, biocompatibility, and
similar chemical and physical properties to human bone,
it has attracted considerable attention in the prepara-
tion of prosthetic implants, scaffolds, and artificial bone
cement [34]. However, the individual application of nHA
is limited by its poor mechanical properties, and thus its
application is severely limited. With the development of
bio-engineering techniques and materials science, nHA
can be combined with a variety of alternative materials to
obtain composites with high strength and elevated osteo-
genic activity, which is a critical direction for bone tissue
engineering research. At present, nHA is mainly com-
bined with the following materials [35—-37]: bioactive fac-
tors, synthetic polymer materials (polyhydroxy glycolic
acid, polyetheretherketone, polyethylene, polylactic acid,
polyamide, etc.), natural polymer materials (cellulose, silk
fibroin, dextran, collagen, chitosan, etc.), and it has also

been reported in literature that nHA can be combined
with antibiotics, antitumor drugs, bone marrow mes-
enchymal stem cells and insulin-like growth factors to
obtain the desired specific function. The nHA compound
has excellent mechanical and biological properties. It has
clear advantages over pure nHA materials and has great
potential for applications in bone tissue engineering.

In this study, we compared intra- and post-operative
clinical and imaging outcomes of nHA matrix compos-
ite bone grafts and noHA grafts in inter-body fusion.
Spinal fusion was performed in studies involving either
the cervical or thoracic or lumbar vertebra. Patients’
ages varied widely among the included studies, but
there was no significant difference between the experi-
mental and control groups within each study. Opera-
tion time and intraoperative blood loss are critical
indicators that reflect the safety of the surgery. Some
studies [20, 28, 31] have shown that intraoperative
blood loss is greater in nHA than in the control group,
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which may be due to the surgeon’s master’s degree in
surgical skills. Excessive intraoperative bleeding may
lead to haemorrhagic shock and damage to vital organs,
which can be life-threatening in severe cases. Multi-
ple experiments included in the meta-analysis showed
that inter-body fusion did not significantly increase the
risk of major intraoperative bleeding in the nHA group.
This conclusion is controversial due to the large hetero-
geneity among the included studies.

In general, the longer the procedure, the higher the
risk of intraoperative complications such as asphyxia
and anesthesia accidents. Most of the included studies
[4, 20, 26, 28—32] showed that there was no statistical
difference in the operating time between the two groups,
but meta-analysis found that the operation time of the
experimental group was significantly less than that of
the control group, indicating that the operation time of
nHA matrix graft was less and it was safer for patients
undergoing surgery. This study used the incidence of
adverse events as a measure of postoperative safety and
found that interbody fusion with nHA matrix grafts did
not significantly increase the incidence of postoperative
complications, consistent with Cakir’s and Chen’s find-
ings [24, 28].

It has been shown that the different graft materials
used in spinal fusion surgery can directly affect bone
graft fusion rate, inter-vertebral space height and fusion
segment curvature recovery [38, 39]. The results of
this meta-analysis showed that: Two different materi-
als of graft showed similar fusion rate and collapse rate,
this could be due to these two kinds of material of graft
has similar elastic modulus, and both by increasing the
friction between the graft and endplate and dispersed
pressure on the surface of the implant to prevent graft
migration and sinking, help maintains the height of the
inter-vertebral fusion segments and curvature fusion
segments, to achieve the stability of the cone segments,
it can be inferred that the nHA matrix graft has good
biomechanical properties. There was no significant dif-
ference in VAS scores and ODI between the nHA and
noHA groups. Overall, the meta-analysis of each test
metric concluded that nHA and its related materials have
stable therapeutic effects and clear advantages in terms
of inter-body fusion, short operating time, high conical
fusion rate and low incidence of adverse events, suggest-
ing that nHA matrix composites are a safe and effective
biomaterial.

In this meta-analysis, there is heterogeneity between
nHA and noHA groups in the research of Subsidence
rate. The study of J.R. McConnell [33] was found to be
a source of heterogeneity, which was reduced after
exclusion without a change in conclusions. There was
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inter-study heterogeneity in the analysis of surgical blood
loss between the two groups and each study was excluded
on a case-by-case basis. Unfortunately, we do not find
which study is responsible for the elevated heterogene-
ity. It may be the surgical skills and clinical experience of
different surgeons that lead to the correlation rather than
the final extracted data, thus we may not be able to find
its source. In the above meta-analysis, we used a random
effects model, and the results are considered reliable.

Conclusions

This study investigated the safety and efficacy of nHA
matrix grafts and noHA grafts in spinal reconstruction.
The results showed that the two regimens had similar clini-
cal efficacy and safety. In addition, patients who under-
went fusion with the nHA material had shorter surgery
times and did not experience an increase in the amount of
surgical bleeding or the incidence of risk events compared
to the noHA graft group. There was no significant differ-
ence between the two groups in clinical outcomes in terms
of VAS and ODI scores. The nHA matrix graft is an ideal
alternative to inter-vertebral support bone grafts. How-
ever, the results may be biased due to the different clini-
cal design types, aetiology and spinal surgery segments
included in the study. Additional large-sample, multi-center,
high-quality clinical trials should be encouraged to further
validate the safety and efficacy of nHA matrix graft in spinal
reconstruction.
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