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Application of CT attenuation value in prediction of screw loosening after short-segment lumbar
pedicle screw fixation/ZOU Da, LI Weishi, CHEN Zhonggiang, et al/Chinese Journal of Spine and
Spinal Cord, 2018, 28(5): 447-455

[Abstract] Objectives: To explore the relationship between vertebral CT attenuation value and screw loosen-
ing after short—segment lumbar pedicle screw fixation, and to identify thresholds of bone density in HU for
predicting screw loosening. Methods: The clinical data of patients who underwent short—segment lumbar pedi-
cle screw fixation in our spinal center from July 2006 to June 2015 were retrospectively analyzed. The inclu-
sion criteria included: (1)no more than 2 segments; (2)at least 2—year follow—up; (3)three dimensional recon-
structive CT was done within 30 days before operation. 297 patients(104 males, 193 females) with a mean
age of 54.3+12.5 years(21-80 years) and a mean follow—up of 36.1£16.5 months(24-110 months) were re-

viewed. Screw loosening and bone fusion with lumbar X-ray of final follow—up were assessed. According to
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the occurrence of screw loosening at UIV (upper instrumented vertebra) or LIV (lowest instrumented vertebra),
patients were divided into screw loosening groups (screw loosening at UIV; screw loosening at LIV) and cor-
responding control groups. Moreover, the LIVs were divided on whether or not the LIV was at SI1. The CT
attenuation values of L1, UIV, LIV and S1 were measured. Patient data included age, gender, body mass in-
dex(BMI), history of diabetes, number of instrumented vertebrae, fusion methods at marginal segments, LIV at
S1. According to the occurrence of screw loosening at UIV or LIV, patients were divided into screw loosening
groups (screw loosening at UIV; screw loosening at LIV) and corresponding control groups. Inter—examination
and inter—observer reliability were assessed by using the intraclass correlation coefficient(ICC). The role of CT
attenuation values in screw loosening was explored with Logistic regression analysis. Receiver—operating char-
acteristic curve analysis was used to evaluate the value of CT attenuation values in predicting screw loosen-
ing. Because of the relatively small sample size and non—normal distribution of CT attenuation value in screw
loosening group, the median rather than the average of the CT attenuation value in screw loosening group was
chosen to be the threshold forpredicting screw loosening. Results: Fifty—three patients suffered from postopera-
tive screw loosening(17.8%, 53/297). 21 patients suffered from screw loosening at UIV, 276 patients were in
the corresponding control group. 48 patients suffered from screw loosening at LIV, 249 patients were in the
corresponding control group. 24 patients suffered from nonunion, the rate of union at upper interbody was
93.6%(278/297), and the rate of union at lowest interbody was 93.3%(273/297). Inter—examination and inter—
observer reliability were excellent(ICC>0.8, P<0.001). There were statistically significant differences of CT at-
tenuation values between screw loosening groups and control groups: the mean CT attenuation value of UIV
was 87.3+41.9HU in the UIV-screw loosening group and 140.5+55.9HU in corresponding control group, P<
0.05; the mean CT attenuation value of LIV at lumbar vertebrae was 121.9+39.9HU in the LIV screw loosen-
ing group and 152.2+54.5HU in corresponding control group, P<0.05; the mean CT attenuation value of LIV
at S1 was 2164+61.1HU in the LIV screw loosening group and 254.8+81.7HU in corresponding control
group, P<0.05. The CT attenuation value was the independent risk factor of screw loosening. The CT attenua-
tion value of marginal vertebrae was the independent risk factor of screw loosening at marginal vertebrae
(UIV-CT attenuation value: OR, 0.979; 95%CI, 0.967-0.992; LIV-CT attenuation value: OR, 0.990; 95%ClI,
0.983-0.998). The application of CT attenuation value in prediction of screw loosening was acceptable(AUC>
0.6, P<0.05),

group and LIV-Sl-screw loosening group was 75HU, 110HU, 220HU respectively. Conclusions: The CT at-

the median CT attenuation value in UIV-screw loosening group, LIV-lumbar—screw loosening
tenuation value of marginal vertebrae is the independent influencing factor of screw loosening at marginal ver-
tebrae, the lower the CT attenuation value, the higher the risk of screw loosening.
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Figure 1 CT attenuation measurement: placing a single oval region of interest (ROI) over an image in the transverse

with a minimal
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Table 1 Inter—examination and inter—observer reliability

of CT attenuation measurements

HMAMRRE PlH
1CcC

PIYC 2% (6 (HU )

P value Difference
L1 4 5 P — Bk
L1 inter—examination 0.996 <0.001 0.8+4.8
reliability
L1 55 25 1] — Sobk
L1 inter—observer 0.992 <0.001 0.2+6.8
reliability
S1-i 5 35  — Bk
S1 inter—examination 0.987 <0.001 -0.7+12.9
reliability
STt 25 1] — B
S1 inter—observer 0.977 <0.001 -3.4+17.7

reliability
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vighfE CT fEARF T o MEME , N o EME CT (AL T
S1 HEMR CT {4 (P<0.05) . 53 il 8 #H A5 IR ET
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Table 2 Comparison of patient data between the two
groups at UIV
FA B4 (n=21)

Screw loosening group

X B2 (n=276)
Control group

EiAﬂ(,ﬁ) 57.8+12.5 54.1£12.5
ge
R (F ) 2/19 102/174%
Gender
T R (kg/m?) 25.9+2.4 25.6+3.4
BMI o o
Wl BRI (A1176) 18/3 249/27
Diabetes
s #fE CT B (HU) o
CT attenuation valueof 87.3+41.9 140.5+55.9Y
PR BT Bt ©
Single level/Two levels /15 1617115
L i R A (/)
Upper interbody fusion 8/13 153/123
(Y/N)
i 7 2 S1(A2/75) 9/12 98/178

LIV at S1(Y/N)
DS AL P<0.05
Note: (DCompared with screw loosening group, P<0.05
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Table 3 Comparisonof patient data between the two

groups at LIV
FA 41 (n=48)

Screw loosening group

XF B4 (n=249)
Control group

()

A 58.5+9.8 53.5£12.97
ge
PER (F5/%0) 1335 91/158
Gender
1A 8 5 (kg/m?)
BMI 25.6+2.7 25.6£3.5
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Diabetes
T CT {4 (HU)
CT attenuation value of 163.2+68.7 187.6+81.3
LIV
T A CT (E-IEAHE (HU ) .
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LIV-lumbar
R CT {H-S1(HU) R
CT attenuation value of 216.4161.1 254.8+81.71
LIV-S1
PR BT B . 01D
Single level/Two levels 9:39 158:917
T S M (B A (/45 ) . oD
Lowest interbody fusion 15:33 153:967
Peml QB R

LIV at S1
1 D5 # 3h 4L L P<0.05
Note: (DCompared with screw loosening group, P<0.05
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Table 4 Logistic regression analysis of risk factors

associated with screw loosening at marginal vertebrae

ORTH 95% %
o ffi b I P
S T8O 959, CI for OR vatue
| A
urv
E#%IJJ 3.459 0.758~15.780 0.109
ender
L 3fi#E CT fE (HU)
CT attenuation 0.979 0.967~0.992 <0.001
valueof UIV
Sﬁé—ﬂlfﬁl | 0.501 0.180~1.399 0.187
mge eve!
T i A
LIV
fﬂ?"% 0.984 0.942~1.028 0.470
ge
i HE CT B (HU)
CT attenuation value 0.990 0.983~0.998 0.018
of LIV
[ 7 #1] S1
LIV at SI 2.849 1.119~7.255 0.028
B 0.127 0.049~0.334 <0.001

Single level
I i M B AT

Lowest interbody 0.654 0.302~1.416 0.281
fusion

T Bl A

Union at ”\? 0.076 0.024~0.247 <0.001
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Table 5 ROC curve analysis of screw loosening
prediction with CT attenuation value

LIRIE FORHE-RERE  FHE-SI

urv LIV-lumbar LIV-S1
LN 71% 14.2% 19.6%
Loosening rate (21/297) (27/190) (21/107)
FHE (HU)
Thresholdvalue 75 110 220
HES TR
AUC 0.801 0.665 0.646
26T 1 B1-95%Cl
AUC=95%C1 0.695~0.908 0.559~0.770  0.525~0.768
S <0.001 0.006 0.038
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Figure 3 The downward—sloping curve indicated an as-
sociation between loosening ratesand UIV CT -attenuation
value thresholds. The upward—sloping curve indicated an
association between non—loosening rates and UIV CT-at-
tenuation value thresholds. The range of UIV CT-attenua-
tion thresholds was from 70 to 220HU. Take the data
point (at the arrowhead) 75HU is the
threshold, the loosening rate is 27%(10/37) at UIVs with
CT-attenuation values at or below 75HU, the non-loosen-
ing rate is 96% (249/260)
values above 75HU

as an example,

at UIVs with CT -attenuation
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Yy F YL IR 58 A 52 (r2=0.998, P<0.0001), B i
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O I 5T 3 I L EL A HAR 0 O — ok .
Pompe 55 2FI] F fili Ji 0 5 14) B 5 415 7] 1 CT 485
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1o K ] R 5 R A DGR /N T ST A B
(HE 5 AR S5, L5/ST G Bl B 2 R K T ST IR 4T
JIT 3% I8 F3 A SR,
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SEHAE R AR IR ET MG i Wibn i, HLX AP
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H16.1%, AWFFE R IRETFA S22 WibrifE 5 1R
TSR ], ERERET AN B 17.8% ,S1 #ABh %
19.6%, HEETARETW, (A5 LRI LE R
T, PR O e B [ ) R TR B [ 5 | Ak R AT
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FED 2 RGN Z s, PR T Al BT A B
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o B R R AR AN R A RUEOC TR L, AR R
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