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Abstract 

Background  This meta-analysis assessed the efficacy of dual-energy computed tomography (DECT) in the diagnosis 
of anterior cruciate ligament (ACL) injuries.

Methods  The literature search was performed up to December 8, 2023, and included a comprehensive examination 
of several databases: PubMed, Embase, Cochrane Library, Web of Science, China National Knowledge Infrastructure 
(CNKI), Wanfang, and VIP. Diagnostic metrics sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood 
ratio (NLR), diagnostic odds ratio (DOR), and a summary receiver operating characteristic (SROC) were determined 
using a bivariate model analysis. Heterogeneity within the data was explored through subgroup analyses, which 
considered variables including geographical region, use of magnetic resonance imaging (MRI), arthroscopy, and study 
design.

Results  The analysis included ten studies encompassing 544 patients. DECT demonstrated substantial diagnostic 
utility for ACL injuries of the knee, with a sensitivity of 0.91 (95% confidence interval [CI]: 0.88–0.94), a specificity 
of 0.90 (95% CI: 0.81–0.95), a PLR of 9.20 (95% CI: 4.50–19.00), a NLR of 0.10 (95% CI: 0.06–0.14), a DOR of 97.00 (95% 
CI: 35.00–268.00), and an area under the curve (AUC) of 0.95 (95% CI: 0.93–0.97). The subgroup analyses consistently 
showed high diagnostic precision for ACL injuries across Asian population (sensitivity: 0.91, specificity: 0.91, PLR: 9.90, 
NLR: 0.09, DOR: 105.00, AUC: 0.96), in MRI subgroup (sensitivity: 0.85, specificity: 0.94, PLR: 9.57, NLR: 0.18, DOR: 56.00, 
AUC: 0.93), in arthroscopy subgroup (sensitivity: 0.92, specificity: 0.89, PLR: 8.40, NLR: 0.09, DOR: 94.00, AUC: 0.95), 
for prospective studies (sensitivity: 0.92, specificity: 0.88, PLR: 7.40, NLR: 0.09, DOR: 78.00, AUC: 0.95), and for retrospec-
tive studies (sensitivity: 0.91, specificity: 0.93, AUC: 0.93).

Conclusion  DECT exhibits a high value in diagnosing ACL injuries. The significant diagnostic value of DECT provides 
clinicians with a powerful tool that enhances the accuracy and efficiency of diagnosis and optimizes patient manage-
ment and treatment outcomes.
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Background
The anterior cruciate ligament (ACL) plays a major role 
in knee proprioception and is responsible for maintain-
ing knee joint stability and functionality [1, 2]. How-
ever, ACL injuries are one of the most common knee 
pathologies and are characterized by long convales-
cence periods and associated financial burdens [3]. The 
annual incidence of ACL injuries in the United States 
is 120,000 and continues to rise [4]. Quality of life is 
affected up to 5 years after an ACL injury [5]. Further-
more, ACL injuries are associated with an increased 
risk of post-traumatic knee osteoarthritis [6]. There-
fore, accurate diagnosis is essential for the treatment 
and rehabilitation of patients with ACL injuries.

Arthroscopy is widely recognized as the gold standard 
for diagnosing ACL injuries [7, 8]. However, arthros-
copy is not only expensive and slow but also traumatic 
to the patient [9, 10]. Magnetic resonance imaging 
(MRI) is recognized as a non-invasive diagnostic tool 
for the detection of ACL injuries [7, 11], however, have 
limitations in certain situations, particularly in the 
context of acute trauma and for participants with spe-
cific contraindications [7]. Spectral computed tomog-
raphy (CT) represents a novel imaging approach that 
can noninvasively visualize, quantify, and characterize 
many musculoskeletal pathologies [12]. Dual-energy 
computed tomography (DECT), as a subset of spectral 
CT imaging, has revolutionized radiology by enabling 
material differentiation, superior tissue characteriza-
tion, robust quantification, and a marked reduction 
in iodine dosage [13]. DECT overcomes many of the 
traditional limitations of CT and provides anatomi-
cal details previously only seen in MRI [14]. DECT can 
detect bone marrow edema [15], which is an important 
accompanying manifestation of ACL injuries. DECT 
has been explored for its potential role in diagnos-
ing ligament injuries [16, 17]. In a study conducted at 
a level-one trauma center, the sensitivity and specific-
ity of DECT in detecting ACL ruptures were found to 
be 79% and 100%, respectively [16]. A previous study 
by Gruenewald et  al. indicated that DECT-derived 
color-coded collagen reconstructions significantly 
enhance diagnostic precision and certainty when 
evaluating the condition of the cruciate ligaments, 
as opposed to the conventional grayscale CT imaging 
used in acute trauma patients [17]. Another study has 
found that DECT demonstrates good diagnostic accu-
racy and reliability in the diagnosis of ACL injuries 
[18]. DECT, while offering improved image quality and 
material differentiation, still involves ionizing radia-
tion [19]. Thereby, there is a need for evidence regard-
ing the value of DECT in the diagnosis of ACL injuries. 
However, there has been no published meta-analysis 

assessing the application of DECT in ACL injury diag-
nostics. A meta-analytic synthesis of existing research 
findings is warranted to address this gap.

Herein, the meta-analysis evaluates the value of DECT 
in diagnosing ACL injuries. Accurate diagnosis may be 
crucial for the management of ACL injuries.

Methods
This study was conducted in accordance with the 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) criteria [20].

Literature search
The search was conducted up to December 8, 2023, and 
encompassed the following databases: PubMed, Embase, 
Cochrane Library, Web of Science, China National 
Knowledge Infrastructure (CNKI), Wanfang, and VIP. 
The PubMed search strategy is as follows: “Radiography, 
Dual-Energy Scanned Projection” OR “Digital Scanned 
Projection Radiography, Dual Energy” OR “Dual-Energy 
Scanned Projection Radiography” OR “Digital Scan Pro-
jection Radiography, Dual-Energy” OR “Dual Energy 
Scanned Projection Radiography” OR “Radiography, 
Dual Energy Scanned Projection” OR “Digital Scan Pro-
jection Radiography, Dual Energy” OR “Digital Scanned 
Projection Radiography, Dual-Energy” OR “Dual-energy” 
OR “Dual energy” OR “DECT” OR “Tomography, x-ray 
computed” OR “X-Ray Computed Tomography” OR 
“Tomography, X-Ray Computerized” OR “Tomography, 
X Ray Computerized” OR “Computed X Ray Tomogra-
phy” OR “X-Ray Computer Assisted Tomography” OR 
“X Ray Computer Assisted Tomography” OR “Tomog-
raphy, X-Ray Computer Assisted” OR “Tomography, X 
Ray Computer Assisted” OR “Computerized Tomogra-
phy, X Ray” OR “Computerized Tomography, X-Ray” 
OR “X-Ray Computerized Tomography” OR “CT X 
Ray*” OR “Tomodensitometry” OR “Tomograph*, X Ray 
Computed” OR “CAT Scan*, X Ray” OR “Tomography, 
Transmission Computed” OR “Computed Tomography, 
Transmission” OR “Transmission Computed Tomog-
raphy” OR “CT Scan*, X-Ray” OR “Computed Tomog-
raphy, X-Ray” OR “Computed Tomography, X Ray” OR 
“X Ray Computerized Tomography” OR “Cine-CT” OR 
“Cine CT” OR “Electron Beam Computed Tomography” 
OR “Electron Beam Tomography” OR “Beam Tomog-
raphy, Electron” OR “Tomography, Electron Beam” OR 
“Tomography, X-Ray Computerized Axial” OR “Tomog-
raphy, X Ray Computerized Axial” OR “X-Ray Comput-
erized Axial Tomography” OR “X Ray Computerized 
Axial Tomography” OR “computer tomography” OR 
“CT” AND “Anterior Cruciate Ligament*”. The identified 
literature was imported into EndNote X9, where an ini-
tial screening was performed by reviewing the titles and 
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abstracts. Following this preliminary culling, the remain-
ing articles were subjected to a full-text review to exclude 
those that did not meet the inclusion criteria. The final 
selection of articles that fulfilled the study’s requirements 
was then incorporated into the meta-analysis.

Inclusion and exclusion criteria
The inclusion criteria were based on the PICOS (Patient, 
Intervention, Comparison, Outcome, and Study Design) 
framework: (1) patient: patients suspected of having an 
ACL injury of the knee; (2) intervention and comparison: 
patients underwent DECT examination; (3) outcome: the 
outcomes of sensitivity, specificity, positive likelihood 
ratio (PLR), negative likelihood ratio (NLR), diagnos-
tic odds ratio (DOR), and a summary receiver operating 
characteristic (SROC); (4) study design: cohort study; (5) 
Chinese and English literature.

Exclusion criteria: (1) animal experiments; (2) research 
unrelated to the topic; (3) case reports, editorial materi-
als, conference abstracts, protocols, guidelines, expert 
consensus documents, reviews, and meta-analyses.

Data collection
Two reviewers (Qiao Lin, and Jiwen Wu) indepen-
dently collected data from the selected studies. The data 
extracted from the eligible studies included details such 
as the author’s name, publication year, country where 
the study was conducted, study design, specific inclusion 
criteria used, sample size, participant age in years, gen-
der distribution (male and female), the number of DECT 
readers involved, the Kappa statistic for inter-rater reli-
ability, years of experience of the DECT readers, and the 
CT protocol utilized in the studies. In instances of dis-
crepancy, consensus was reached by referring to a third 
investigator (Shijun Qiu) for arbitration.

Quality assessment
The quality of the literature was assessed using the Qual-
ity Assessment of Diagnostic Accuracy Studies-2 (QUA-
DAS-2) [21] tool, which is a standardized instrument 
for evaluating the quality of diagnostic accuracy studies. 
The assessment was conducted by reflecting on the risk 
of bias and the applicability concerns. The risk of bias 
included domains such as patient selection, index test, 
reference standard, flow and timing, with each domain 
being rated as “high”, “low”, or "unclear." The applicabil-
ity concerns were judged based on the domains of patient 
selection, index test, and reference standard, with each 
being assessed for the degree of alignment with the 
review question using the same “high”, “low”, or “unclear” 
criteria.

Statistical analysis
The data analysis was conducted using Meta-Disc 1.4, 
Stata 15.1, and RevMan 5.4 software. Results were 
obtained through direct extraction or indirect calcula-
tion. The presence of threshold effects in the studies was 
assessed using Meta-Disc 1.4 software. If there is a strong 
positive correlation between the logit of sensitivity and 
logit of 1-specificity (P < 0.05), assessed by Spearman’s 
correlation coefficients, threshold effects were present. 
Stata 15.1 software was utilized for bivariate model anal-
ysis to evaluate outcomes such as sensitivity, specificity, 
PLR, NLR, and DOR, and to generate the SROC curve. 
RevMan 5.4 software was employed to create graphical 
representations for the quality assessment of the litera-
ture. Subgroup analysis was used to explore heteroge-
neity based on the region, MRI, arthroscopy, and study 
design.

Results
Process of study selection and characteristics of included 
studies
The initial search across various databases yielded a 
total of 8,275 records. These were sourced from PubMed 
(730), Embase (1,039), Web of Science (1,012), Cochrane 
(0), CNKI (563), WanFang (3,971), and VIP (960). After 
removing duplicate records, the number of records was 
reduced to 5,607. From the remaining records, 94 were 
screened for eligibility based on their titles and abstracts. 
Out of the screened records, 10 full-text articles were 
assessed for eligibility. Ultimately, 10 studies [17, 18, 22–
29] were included in the quantitative synthesis. Figure 1 
depicts the study selection process. The included stud-
ies, which span from 2014 to 2023, involved a variety of 
countries, including Germany, China, and Finland. The 
studies were categorized into two main types: four were 
retrospective studies, and six were prospective studies. 
By aggregating the participant counts across all ten stud-
ies, the total number of patients assessed amounts to 544. 
Table  1 summarizes the characteristics of the included 
studies. Figure  2a shows the methodological quality 
graph. Figure 2b provides an individual assessment of the 
risk of bias and applicability concerns for each study.

Meta‑analysis of DECT in diagnosing ACL injuries
Overall
The meta-analysis revealed no threshold effect with 
a Spearman correlation coefficient of r = -0.122 and 
P = 0.738. The bivariate model yielded a pooled sensitivity 
of 0.91 [95% confidence interval (CI): 0.88–0.94], speci-
ficity of 0.90 (95% CI: 0.81–0.95), PLR of 9.20 (95% CI: 
4.50–19.00), NLR of 0.10 (95% CI: 0.06–0.14), DOR of 
97.00 (95% CI: 35.00–268.00), and area under the curve 
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(AUC) of 0.95 (95% CI: 0.93–0.97), indicating that DECT 
held significant diagnostic value for ACL injuries of the 
knee (Table 2).

Subgroup analyses of DECT in diagnosing ACL injuries
In the Asian subgroup of the analysis, the threshold effect 
was absent, as indicated by a Spearman correlation coef-
ficient of r = -0.371 with P = 0.365. The bivariate model 
demonstrated a combined sensitivity of 0.91 (95% CI: 
0.87–0.94) and specificity of 0.91 (95% CI: 0.81–0.96), 
with a PLR of 9.90 (95% CI: 4.40- 22.0), an NLR ratio 
of 0.09 (95% CI: 0.06–0.15), and a DOR of 105 (95% CI: 
33.00–330.00). The AUC was 0.96 (95% CI: 0.93–0.97), 
confirming the high diagnostic utility of DECT for diag-
nosing ACL injuries in the knee among the Asian popula-
tion (Table 2).

For the MRI subgroup, the analysis using Meta-Disc 
1.4 software indicated no threshold effect with a Spear-
man correlation coefficient of r = 0.500 and P = 0.667. 
The bivariate model results showed a pooled sensitivity 
of 0.85 (95% CI: 0.71–0.94) and specificity of 0.94 (95% 

CI: 0.79–0.99), a PLR of 9.57 (95% CI: 2.93–31.28), and 
an NLR of 0.18 (95% CI: 0.09–0.36), a DOR of 56.00 (95% 
CI: 12.00–260.00), and AUC of 0.93 (95% CI: 0.82–1.00) 
(Table 2).

In the arthroscopy subgroup, the absence of thresh-
old effect was also observed with a Spearman correla-
tion coefficient of r = -0.500 and P = 0.253. The pooled 
sensitivity and specificity were 0.92 (95% CI: 0.88–0.95) 
and 0.89 (95% CI: 0.77–0.95), respectively, with a PLR 
of 8.40 (95% CI: 3.70–19.20) and a NLR of 0.09 (95% CI: 
0.05–0.15), resulting in a DOR of 94.00 (95% CI: 28.00–
319.00). The AUC was 0.95 (95% CI: 0.93–0.97), indicat-
ing a high diagnostic value of DECT for ACL injuries of 
the knee (Table 2).

For prospective studies, no threshold effect was 
detected with a Spearman correlation coefficient of 
r = -0.300 and P = 0.624. The pooled sensitivity and 
specificity were 0.92 (95% CI: 0.86–0.95) and 0.88 (95% 
CI: 0.70–0.96), respectively, with a PLR of 7.40 (95% 
CI: 2.70–20.50) and a NLR of 0.09 (95% CI: 0.05–0.18), 
leading to a DOR of 78.00 (95% CI: 16.00–373.00). The 

Fig. 1  The flowchart illustrates the process of study selection



Page 5 of 12Lin et al. BMC Musculoskeletal Disorders          (2024) 25:557 	

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es

A
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
de

si
gn

In
cl

us
io

n 
cr

ite
ri

a
N

o.
 p

at
ie

nt
s

A
ge

 (y
ea

r)
Se

x 
(m

al
e/

fe
m

al
e)

N
o.

 re
ad

er
s

Ka
pp

a
Re

ad
er

 e
xp

er
ie

nc
e 

(y
ea

rs
)

CT
 p

ro
to

co
l

G
ru

en
ew

al
d

20
23

G
er

m
an

y
Re

tr
os

pe
ct

iv
e 

st
ud

y
A

du
lts

 1
8 

+
 w

ith
 

ac
ut

e 
kn

ee
 tr

au
m

a 
(w

ith
in

 3
 d

ay
s)

85
44

.5
 ±

 1
6.

0
50

/3
5

5
N

A
Co

ns
ec

ut
iv

e 
C

Ts
 

re
ad

 b
y 

5 
ra

di
ol

o-
gi

st
s: 

3 
ce

rt
ifi

ed
 (C

.B
., 

I.Y
., 

S.
M

.),
 2

 in
 tr

ai
ni

ng
 

(L
.G

., V
.K

.),
 1

–7
 y

ea
rs

 
in

 m
us

cu
lo

sk
el

et
al

 
im

ag
in

g

Th
ird

-g
en

 d
ua

l-s
ou

rc
e 

C
T 

(S
om

at
om

 F
or

ce
) 

in
 d

ua
l-e

ne
rg

y 
m

od
e:

 
90

 k
Vp

/1
80

 m
A

s 
(T

ub
e 

A
), 

Sn
15

0 
kV

p/
18

0 
m

A
s 

(T
ub

e 
B,

 0
.6

4-
m

m
 

tin
 fi

lte
r),

 n
o 

co
nt

ra
st

Li
u

20
23

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

A
ge

s ≥
 1

4,
 n

on
-p

re
g-

na
nt

, u
ni

la
te

ra
l A

C
L 

in
ju

ry
, p

os
iti

ve
 p

hy
si

-
ca

l e
xa

m
; e

lig
ib

le
 

w
ith

 c
on

co
m

ita
nt

 
m

en
is

ca
l/c

ho
nd

ra
l 

le
si

on
s

51
27

 ±
 8

.7
31

/2
0

2
N

A
Re

ad
er

 1
: 

w
ith

 1
4 

ye
ar

s 
of

 e
xp

er
ie

nc
e 

in
 o

rt
ho

pe
-

di
cs

 a
nd

 s
po

rt
s 

m
ed

ic
in

e;
 R

ea
de

r 
2:

 w
ith

 1
1 

ye
ar

s 
of

 e
xp

er
ie

nc
e 

in
 m

us
cu

lo
sk

el
et

al
 

ra
di

ol
og

y

So
m

at
om

 D
riv

e 
D

EC
T 

sc
an

s, 
du

al
-e

ne
rg

y 
m

od
e,

 le
ad

 s
hi

el
di

ng
; 

si
m

ul
ta

ne
ou

s 
bi

la
te

ra
l 

kn
ee

 s
ca

ns
 w

ith
 d

ua
l 

kV
 s

et
tin

gs
 (T

ub
e 

A
: 

80
 k

V,
 2

10
 m

A
s; 

Tu
be

 
B:

 S
n1

40
 k

V,
 1

05
 m

A
s)

; 
Pr

ot
oc

ol
: 1

.0
 m

m
 

sl
ic

e,
 0

.5
 s

 ro
t. 

tim
e,

 
32

 ×
 0

.6
 m

m
 c

ol
lim

a-
tio

n,
 0

.7
 p

itc
h

Ba
i

20
22

C
hi

na
Re

tr
os

pe
ct

iv
e 

st
ud

y
Pa

tie
nt

s 
w

ith
 k

ne
e 

in
ju

ry
35

29
.3

 ±
 9

.5
27

/8
2

In
te

r g
ro

up
: 0

.8
36

Im
ag

in
g 

ph
ys

ic
ia

n 
w

ith
 a

t l
ea

st
 1

0 
ye

ar
s 

of
 e

xp
er

ie
nc

e 
an

d 
a 

pr
of

es
si

on
al

 
tit

le
 o

f D
ep

ut
y 

C
hi

ef
 

Ph
ys

ic
ia

n

Si
em

en
s 

du
al

-s
ou

rc
e 

sp
ira

l C
T,

 d
ua

l-e
ne

rg
y,

 
lo

w
-d

os
e:

 T
ub

e 
A

 1
40

 k
V/

12
3m

A
s, 

Tu
be

 B
 8

0 
kV

/2
9m

A
s, 

20
 ×

 0
.6

 m
m

 c
ol

lim
a-

tio
n,

 0
.7

 p
itc

h,
 2

50
 m

m
 

FO
V.

 R
ec

on
st

ru
ct

io
n:

 
1 

m
m

 la
ye

r, 
0.

7 
m

m
 

in
cr

em
en

t, 
D

30
s 

al
go

rit
hm

, l
im

b 
pr

es
et

 
w

in
do

w

Re
n

20
20

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

U
ni

la
te

ra
l k

ne
e 

di
s-

co
m

fo
rt

 w
ith

 s
ym

p-
to

m
s 

(s
w

el
lin

g,
 p

ai
n,

 
in

st
ab

ili
ty

, l
im

ite
d 

RO
M

); 
po

si
tiv

e 
fin

d-
in

gs
 in

 fr
on

t d
ra

w
er

, 
La

ch
m

an
, a

nd
 p

iv
ot

 
sh

ift
 te

st
s

36
33

.5
 ±

 1
0.

8
21

/1
5

1
In

te
r g

ro
up

: 0
.7

19
D

ep
ut

y 
ch

ie
f p

hy
si

-
ci

an
Si

em
en

s 
64

-r
ow

 C
T,

 
du

al
-e

ne
rg

y 
m

od
e.

 
Su

pi
ne

 p
os

iti
on

, 
kn

ee
s 

ex
te

nd
ed

 
an

d 
to

ge
th

er
. S

ca
n 

ra
ng

e:
 fe

m
or

al
 c

on
dy

-
la

r m
ar

gi
n 

to
 fi

bu
la

r 
ca

pi
tu

lu
m



Page 6 of 12Lin et al. BMC Musculoskeletal Disorders          (2024) 25:557 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
de

si
gn

In
cl

us
io

n 
cr

ite
ri

a
N

o.
 p

at
ie

nt
s

A
ge

 (y
ea

r)
Se

x 
(m

al
e/

fe
m

al
e)

N
o.

 re
ad

er
s

Ka
pp

a
Re

ad
er

 e
xp

er
ie

nc
e 

(y
ea

rs
)

CT
 p

ro
to

co
l

Ba
o

20
18

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

Pa
tie

nt
s 

w
ith

 c
ru

ci
-

at
e 

lig
am

en
t i

nj
ur

y 
of

 k
ne

e 
jo

in
t

70
30

.5
4 

±
 5

.2
6

52
/1

8
N

A
N

A
N

A
G

er
m

an
 S

ie
m

en
s 

64
-r

ow
 d

ua
l-s

ou
rc

e 
C

T 
w

ith
 p

os
t-

pr
oc

es
si

ng
 

w
or

ks
ta

tio
n:

 s
up

in
e 

po
si

tio
n,

 k
ne

es
 

ex
te

nd
ed

 a
nd

 c
lo

se
d.

 
Sc

an
 ra

ng
e:

 b
ila

te
ra

l 
kn

ee
 jo

in
ts

 to
 fe

m
or

al
 

co
nd

yl
e 

up
pe

r e
dg

e,
 

tib
ia

l c
on

dy
le

s, 
an

d 
fib

-
ul

ar
 h

ea
d 

lo
w

er
 e

dg
e.

 
D

ua
l-e

ne
rg

y 
vo

lu
m

e 
sc

an
, p

ar
am

s: 
Tu

be
 

A
 1

40
 k

V/
23

4 
m

A
, T

ub
e 

B 
80

 k
V/

56
 m

A
; P

itc
h 

0.
7 

m
m

; L
ay

er
 th

ic
k-

ne
ss

 0
.7

5 
m

m
; R

ec
on

 
in

cr
em

en
t 0

.5
 m

m
; 

FO
V 

25
0 

m
m

Su
o

20
16

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

Pa
tie

nt
s 

w
ith

 k
ne

e 
in

ju
rie

s 
ca

us
ed

 
by

 d
iff

er
en

t c
au

se
s

30
38

 (1
4–

65
)a

20
/1

0
3

In
te

r g
ro

up
: 0

.8
D

ep
ut

y 
C

hi
ef

 P
hy

si
-

ci
an

 o
r h

ig
he

r t
itl

e
Sc

an
ni

ng
 p

ar
am

s: 
Tu

be
 A

 1
40

 k
V/

45
 m

A
, 

Tu
be

 B
 8

0 
kV

/1
91

 m
A

, 
co

lli
m

at
io

n 
40

 ×
 0

.6
 m

m
, p

itc
h 

0.
7,

 
re

co
n 

la
ye

r t
hi

ck
ne

ss
 

0.
6 

m
m

, F
O

V 
25

6 
m

m
. 

Sc
an

 ra
ng

e:
 fr

om
 fe

m
-

or
al

 s
up

er
io

r c
on

dy
le

 
to

 ti
bi

al
 c

on
dy

le
 

an
d 

fib
ul

ar
 c

ap
el

la
 

lo
w

er
 m

ar
gi

n

Ca
o

20
15

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

Pa
tie

nt
s 

w
ith

 a
cu

te
 

kn
ee

 jo
in

t t
ra

um
a

30
35

.2
 ±

 9
.3

22
/8

2
W

ith
in

 g
ro

up
: 0

.7
56

Tw
o 

do
c-

to
rs

 w
ith

 m
or

e 
th

an
 1

0 
ye

ar
s 

of
 e

xp
er

ie
nc

e 
in

 C
T 

an
d 

M
R 

w
or

k

C
T:

 S
ie

m
en

s 
D

ua
l 

So
ur

ce
 C

T 
(S

om
at

om
 

D
efi

ni
tio

n)
, d

ua
l-

en
er

gy
 m

od
e.

 T
ub

es
: 

A
 1

40
 k

V/
60

m
A

s, 
B 

80
 k

V/
25

m
A

s. 
Fr

am
e 

sp
ee

d:
 0

.5
 s

/r
pm

. 
Pi

tc
h:

 0
.9

. C
ol

lim
at

io
n:

 
20

 ×
 0

.6
 m

m
. C

TD
Iv

ol
: 

11
.8

8 
m

G
y



Page 7 of 12Lin et al. BMC Musculoskeletal Disorders          (2024) 25:557 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

Ye
ar

Co
un

tr
y

St
ud

y 
de

si
gn

In
cl

us
io

n 
cr

ite
ri

a
N

o.
 p

at
ie

nt
s

A
ge

 (y
ea

r)
Se

x 
(m

al
e/

fe
m

al
e)

N
o.

 re
ad

er
s

Ka
pp

a
Re

ad
er

 e
xp

er
ie

nc
e 

(y
ea

rs
)

CT
 p

ro
to

co
l

Pa
ng

20
15

C
hi

na
Pr

os
pe

ct
iv

e 
st

ud
y

Pa
tie

nt
s 

w
ith

 s
us

-
pe

ct
ed

 a
nt

er
io

r 
cr

uc
ia

te
 li

ga
m

en
t 

in
ju

ry
 o

f t
he

 k
ne

e

10
0

15
–5

5a
59

/4
1

4
In

te
r g

ro
up

: 0
.6

24
Re

vi
ew

ed
 b

y 
2 

se
ni

or
 

or
th

op
ed

ic
 su

rg
eo

ns
, 

2 
ra

di
ol

og
is

ts

Si
em

en
s 

du
al

-s
ou

rc
e 

du
al

-e
ne

rg
y 

C
T 

sc
an

ne
d 

bo
th

 k
ne

e 
jo

in
ts

. P
ar

am
s: 

14
0 

kV
 

an
d 

80
 k

V 
tu

be
 

vo
lta

ge
s, 

4D
 a

ut
o 

cu
rr

en
t r

eg
ul

at
io

n,
 

20
 m

m
 ×

 0
.6

 m
m

 c
ol

-
lim

at
io

n,
 0

.6
 m

m
 p

itc
h,

 
25

0 
m

m
 F

O
V

Pe
lto

la
20

15
Fi

nl
an

d
Re

tr
os

pe
ct

iv
e 

st
ud

y
A

cu
te

 o
r s

ub
ac

ut
e 

(<
 1

0 
da

ys
) k

ne
e 

tr
au

m
a,

 w
ith

 D
EC

T 
an

d 
M

RI
 d

ur
-

in
g 

th
e 

ac
ut

e/
su

ba
-

cu
te

 p
ha

se

18
36

 (1
8–

63
)a

8/
10

2
W

ith
in

 g
ro

up
: 0

.8
5;

 
In

te
r g

ro
up

: 0
.8

0
D

ua
l r

ea
di

ng
s 

by
 tw

o 
ra

di
ol

og
is

t a
ut

ho
rs

: 
on

e 
w

ith
 2

 y
ea

rs
, 

th
e 

ot
he

r 
w

ith
 o

ve
r 1

0 
ye

ar
s 

in
 m

us
cu

lo
sk

el
et

al
 

ra
di

ol
og

y

G
E 

D
is

co
ve

ry
 C

T 
75

0 
H

D
 D

EC
T 

im
ag

es
: 

0.
51

6 
pi

tc
h,

 0
.5

-s
 ro

ta
-

tio
n,

 3
2 

×
 0

.6
25

-m
m

 
co

lli
m

at
io

n,
 5

12
 ×

 5
12

 
m

at
rix

. T
ub

e 
vo

lta
ge

 
80

–1
40

 k
V,

 m
ax

 
63

0 
m

A

Ba
i

20
14

C
hi

na
Re

tr
os

pe
ct

iv
e 

st
ud

y
Pa

tie
nt

s 
w

ith
 c

ru
ci

-
at

e 
lig

am
en

t i
nj

ur
y 

of
 k

ne
e 

jo
in

t

89
26

.7
 ±

 1
1.

07
74

/1
5

2
N

A
Im

ag
e 

an
al

ys
is

 
by

 a
n 

ex
pe

rie
nc

ed
 

ra
di

ol
og

is
t (

A
ss

oc
ia

te
 

C
hi

ef
 o

r h
ig

he
r) 

an
d 

an
 o

st
eo

-
pa

th
ic

 a
rt

hr
ol

og
is

t 
on

 p
at

ie
nt

s’ 
kn

ee
 

jo
in

t d
ua

l-e
ne

rg
y 

C
T 

da
ta

,

Sc
an

ni
ng

 p
ar

am
-

et
er

s: 
Tu

be
 c

ur
re

nt
s 

30
m

A
s 

an
d 

12
8m

A
s, 

tu
be

 v
ol

ta
ge

s 
14

0 
kV

 
an

d 
80

 k
V,

 p
itc

h 
0.

7,
 c

ol
lim

at
io

n 
0.

6 
m

m
, r

ec
on

 la
ye

r 
th

ic
kn

es
s 

0.
75

 m
m

, 
FO

V 
25

0 
m

m
, C

TD
I 

5.
96

 m
G

y.
 S

ca
n 

ra
ng

e:
 

fe
m

or
al

 s
up

er
io

r c
on

-
dy

le
 to

 ti
bi

al
 c

on
dy

le
 

an
d 

fib
ul

ar
 c

ap
iti

s 
lo

w
er

 m
ar

gi
n

AC
L 

A
nt

er
io

r c
ru

ci
at

e 
lig

am
en

t, 
CT

 C
om

pu
te

d 
to

m
og

ra
ph

y,
 M

RI
 M

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g,

 D
EC

T 
D

ua
l-e

ne
rg

y 
co

m
pu

te
d 

to
m

og
ra

ph
y,

 F
O

V 
Fi

el
d 

of
 V

ie
w

, G
E 

G
en

er
al

 E
le

ct
ric

, N
A 

N
ot

 a
pp

lic
ab

le
a  M

ed
ia

 (r
an

ge
)



Page 8 of 12Lin et al. BMC Musculoskeletal Disorders          (2024) 25:557 

Fig. 2  Quality assessment graph; 2a, the methodological quality graph; 2b, assessment of the risk of bias and applicability concerns for each study
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AUC was 0.95 (95% CI: 0.93–0.97), reinforcing the high 
diagnostic accuracy of DECT in diagnosing ACL injuries 
(Table 2).

For retrospective studies, the threshold effect was not 
present, as evidenced by a Spearman correlation coef-
ficient of r = -0.200 and P = 0.800. The pooled sensitivity 
and specificity were 0.91 (95% CI: 0.84–0.94) and 0.93 
(95% CI: 0.74–0.98), respectively. The positive and nega-
tive likelihood ratios were 12.50 (95% CI: 3.10–50.60) 
and 0.10 (95% CI: 0.06–0.18), respectively, with a DOR of 
122.00 (95% CI: 23.00–653.00). The AUC was 0.93 (95% 
CI: 0.90–0.95), further supporting the high diagnostic 
value of DECT in the diagnosis of ACL injuries (Table 2).

Discussion
This meta-analysis included ten eligible studies to assess 
the value of DECT in diagnosing ACL injuries. Overall, 
the analysis provided a pooled sensitivity of 0.91 and 
specificity of 0.90, with a PLR of 9.20, NLR of 0.10, DOR 
of 97.00, and AUC of 0.95, highlighting the significant 
diagnostic value of DECT for knee ACL injuries. Across 
different subgroup analyses, DECT has shown a high 
level of diagnostic accuracy for ACL injuries, with con-
sistent results indicating its potential as a valuable diag-
nostic tool in the knee joint injury assessment.

DECT involves acquiring CT attenuation data at two 
distinct energy levels [30], and offers significant advan-
tages over conventional CT in the musculoskeletal envi-
ronment by providing additional information regarding 
tissue composition, reduced artifacts, and image optimi-
zation [31]. DECT is gaining increasing popularity and 
value in the field of musculoskeletal imaging [32]. Previ-
ous studies have confirmed the diagnostic value of DECT 
for knee joint injuries and ligaments. A study exploring 
the clinical application of DECT in the knee joint liga-
ments posits that DECT is a novel and valuable tool for 
the qualitative depiction of the major ligaments in the 
knee [33]. A retrospective, monocentric study revealed 

that DECT is readily accessible and can serve as a screen-
ing tool for the detection or exclusion of cruciate liga-
ment injuries in patients with acute trauma [34]. In the 
study involving patients with acute trauma who under-
went third-generation dual-source DECT, the author 
revealed that DECT-based colored collagen maps pro-
vided superior visualization of ligament integrity, ena-
bling better detection of partial and complete tears [17]. 
A case–control study has found that DECT knee images 
reconstructed in the oblique sagittal plane using mixed 
kV or bone subtraction display (DECT or single-energy 
(SE)) can delineate subacute or chronic ruptures of the 
ACL [35]. To our knowledge, our meta-analysis repre-
sents the first systematic evaluation of the diagnostic 
value of DECT in the diagnosis of ACL injuries.

Our findings may provide a solid foundation for further 
investigation into the refinement of DECT techniques, 
the expansion of its applications, and the potential devel-
opment of novel imaging biomarkers.

While MRI is widely recognized as the diagnostic 
modality of choice for a multitude of musculoskeletal 
disorders, accessibility to this method is not universally 
attainable for all patient populations [12]. Additionally, 
MRI is characterized by its protracted procedural dura-
tion, economic exigency, and constrained applicability 
within the spectrum of medical institutions. An ex-vivo 
experiment demonstrated that both DECT and MRI are 
equivalent in the depiction of the ACL and DECT may 
serve as an alternative to MRI for certain indications in 
the diagnosis of knee ligament injuries [36]. Another 
study supported that the DECT could effectively and reli-
ably diagnose ACL ruptures using both qualitative and 
quantitative methods, potentially emerging as a promis-
ing alternative to MRI [18]. Our subgroup analysis fur-
ther demonstrates that DECT is not inferior to MRI or 
arthroscopy in diagnosing ACL injuries. The findings 
of our study suggest that DECT may serve as a poten-
tial alternative to MRI or arthroscopy, garnering future 

Table 2  Meta-analysis of DECT in diagnosing ACL injuries

MRI Magnetic resonance imaging, DECT Dual-energy computed tomography, AUC​ Area under curve, DOR Diagnostic odds ratio, NLR Negative likelihood ratio, PLR 
Positive likelihood ratio

Outcomes Sensitivity Specificity PLR NLR DOR AUC​ Threshold effect

Overall 0.91 (0.88, 0.94) 0.90 (0.81, 0.95) 9.20 (4.50, 19.00) 0.10 (0.06, 0.14) 97.00 (35.00, 268.00) 0.95 (0.93, 0.97) r = -0.122, P = 0.738

Asia 0.91 (0.87, 0.94) 0.91 (0.81, 0.96) 9.90 (4.40, 22.00) 0.09 (0.06, 0.15) 105.00 (33.00, 
330.00)

0.96 (0.93, 0.97) r = -0.371, P = 0.365

MRI 0.85 (0.71, 0.94) 0.94 (0.79, 0.99) 9.57 (2.93, 31.28) 0.18 (0.09, 0.36) 56.00 (12.00, 260.00) 0.93 (0.82, 1.00) r = 0.500, P = 0.667

Arthroscopy 0.92 (0.88, 0.95) 0.89 (0.77, 0.95) 8.40 (3.70, 19.20) 0.09 (0.05, 0.15) 94.00 (28.00, 319.00) 0.95 (0.93, 0.97) r = -0.500, P = 0.253

Prospective study 0.92 (0.86, 0.95) 0.88 (0.70, 0.96) 7.40 (2.70, 20.50) 0.09 (0.05, 0.18) 78.00 (16.00, 373.00) 0.95 (0.93, 0.97) r = -0.300, P = 0.624

Retrospective 
study

0.91 (0.84, 0.94) 0.93 (0.74, 0.98) 12.50 (3.10, 50.60) 0.10 (0.06, 0.18) 122.00 (23.00, 
653.00)

0.93 (0.90, 0.95) r = -0.200, P = 0.800
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attention due to its broader accessibility, reduced cost, 
and shorter scanning time.

In this meta-analysis, DECT has demonstrated high 
sensitivity and specificity in diagnosing ACL injuries. The 
sensitivity of a test, also known as the true positive rate, 
refers to its capacity to accurately detect and confirm the 
presence of a disease in individuals who have it [37]. The 
specificity of a test, alternatively termed the true negative 
rate, quantifies the test’s precision in correctly identify-
ing individuals who are free from the disease [37]. DECT 
exhibits high sensitivity and specificity in diagnosing 
ACL injuries, signifying that DECT can accurately detect 
ACL injuries that are truly present (reducing false nega-
tives) and correctly rule out ACL injuries when they are 
not present (reducing false positives). Such a diagnostic 
test is of significant value to clinicians as it offers depend-
able and precise diagnostic information, which is instru-
mental in guiding treatment decisions. High sensitivity 
ensures that DECT is likely to capture all cases of ACL 
injuries, minimizing the chance of missing out on cru-
cial diagnoses. This is particularly important in the early 
stages of injury assessment when timely intervention can 
prevent further damage and facilitate better outcomes. 
On the other hand, high specificity means that DECT is 
less likely to indicate the presence of an ACL injury when 
none exists, thus avoiding unnecessary treatments and 
the associated risks and costs. This is crucial for manag-
ing patient expectations and ensuring that resources are 
allocated appropriately. The combination of high sen-
sitivity and specificity in DECT makes it a robust diag-
nostic tool for ACL injuries, providing clinicians with the 
confidence to make informed decisions regarding patient 
care and treatment strategies.

The high diagnostic performance of DECT has a pro-
found impact on clinical decision-making, particu-
larly in the diagnosis and management of ACL injuries. 
Firstly, DECT may be an ideal initial screening tool for 
ACL injuries. By providing detailed images of soft tis-
sues, including ligaments, DECT can quickly identify 
the presence of an injury, which is crucial for early inter-
vention. As an initial screening tool, DECT may lead to 
more timely treatment plans, potentially reducing the 
risk of further damage and improving patient outcomes. 
Secondly, in  situations where MRI is not available or 
contraindicated due to various reasons, DECT can serve 
as a reliable alternative. Its non-invasive nature and 
relatively lower cost compared to MRI make it a more 
accessible option for patients and healthcare systems. 
Thirdly, DECT’s ability to provide high-quality images 
may reduce the need for additional diagnostic proce-
dures, such as arthroscopy, which is invasive and car-
ries its own set of risks and costs. Fourthly, in regions 
where access to advanced imaging technologies like MRI 

is limited, DECT may bridge the gap. Its portability and 
the widespread availability of CT scanners make DECT 
a more feasible option for diagnosing ACL injuries. This 
can lead to better management of sports injuries in areas 
that previously lacked the necessary diagnostic tools. 
Fifthly, the cost of MRI can be a significant barrier in 
healthcare systems with limited resources. DECT offers 
a more cost-effective alternative without compromising 
on diagnostic accuracy. By reducing the financial burden 
on patients and healthcare facilities, DECT can make 
high-quality ACL injury assessments more widely avail-
able. Sixthly, our meta-analysis not only facilitates the 
adoption of DECT technology in clinical practice but also 
lays the groundwork for future research directions and 
further clinical trials. Through such systematic reviews 
and analyses, healthcare professionals can gain a better 
understanding of the accuracy and reliability of DECT in 
diagnosing ACL injuries, thereby providing patients with 
higher-quality medical services.

However, this meta-analysis still has several limita-
tions. Firstly, the inclusion of only Chinese and English 
literature may introduce a language bias, potentially 
excluding relevant studies published in other languages 
that could have provided a more comprehensive under-
standing of DECT’s diagnostic performance in ACL inju-
ries. Secondly, some of the results showed high levels of 
heterogeneity. Due to limitations in the literature, it was 
not possible to fully explore all sources of this heteroge-
neity. The variability could be attributed to differences 
in the number and experience of radiologists interpret-
ing the scans in the original studies, as well as differences 
in age and gender distribution among the study popula-
tions. Thirdly, there was a scarcity of research on certain 
outcomes, which may affect the stability of the results. A 
larger body of evidence is needed to confirm the findings 
and to provide a more robust assessment of DECT’s role 
in diagnosing ACL injuries. Fourthly, due to constraints 
in the original literature, further exploration of the diag-
nostic efficacy of DECT in identifying specific types 
of ACL injuries was not possible. This limitation may 
impact the generalizability of DECT in clinical settings, 
as understanding its performance across different injury 
types is crucial for its broader adoption and application 
in the diagnosis and management of ACL injuries.

Conclusion
Our findings suggest that the application of DECT imag-
ing processing can serve as an important radiologic 
ancillary examination for the diagnosis of ACL injuries. 
Utilizing DECT CT imaging measurements allows for 
the initial diagnosis and precise localization of ACL inju-
ries. DECT holds promise as an alternative to MRI or 
arthroscopy, offering a potential substitute in contexts 
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where these traditional methods are either unavailable or 
impractical.
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