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Abstract

Purpose To compare the performance of using Hounsfield units (HU) value derived from computed tomography and T-score
of dual-energy X-ray absorptiometry (DXA) to predict pedicle screw loosening.

Methods We reviewed 253 patients aged > 50 years undergoing pedicle screw fixation for lumbar degenerative diseases
(LDD). The evaluation of screw loosening: radiolucent zones of > 1 mm thick in X-ray. The criterion for osteoporosis: the
lowest T-score < —2.5. The average HU value of L.1-L.4 was used to represent lumbar bone mineral density (BMD). The area
under receiver operating characteristics curve (AUC) was used to evaluate the performance of predicting screw loosening.
Results One patient underwent reoperation for screw loosening at 9 months follow-up. At 12 months follow-up, the loosening
rate was 30.6% (77/252) in the remaining 252 patients. Osteoporotic patients had higher loosening rate than non-osteoporotic
patients (39.3% vs. 25.8%, P=0.026). The T-score showed no significant difference between loosening group and non-
loosening group (—2.1+1.5 vs. — 1.7+ 1.6, P=0.074), and so is the lowest lumbar BMD of DXA (0.83 +0.16 g/cm? vs.
0.88+0.19 g/cm?, P=0.054). The HU value was lower in the loosening group (106.8 +34.4 vs. 129.8 +45.7, P <0.001).
The HU value (OR, 0.980; 95%CI 0.968-0.993; P =0.002) was the independent influencing factor of screw loosening. The
AUC of predicting screw loosening was 0.666 (P <0.001) for HU value and 0.574 (P=0.062) for T-score.

Conclusions HU value is a better predictor of pedicle screw loosening than T-score of DXA in patients aged > 50 years
with LDD. We should not only focus on the DXA measurements when making surgical plans concerning lumbar fixation.
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Introduction
Pedicle screw fixation is a widely used technique for the

surgical treatment of thoracolumbar diseases, which can
stabilize the spine before solid fusion and restore spinal

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-020-06386-8&domain=pdf
https://doi.org/10.1007/s00586-020-06386-8

1106

European Spine Journal (2020) 29:1105-1111

balance [1]. However, because of population aging and the
high rate of osteoporosis in the elderly with lumbar degen-
erative diseases (LDD) [2], the screw loosening has become
a frequently reported complication after pedicle screw fixa-
tion [3, 4]. The loose screws may cause chronic back, non-
union, and fixation failure, needing revision surgery [5-8].
Osteoporosis is a well-known risk factor for screw loosen-
ing. According to biomechanical studies [9], the bone—screw
interface in osteoporotic spine is unstable, leading to reduced
pullout force and cutout force. Clinical research showed that
the pedicle screw loosening rate was less than 15% in non-
osteoporotic patients and even up to 60% in osteoporotic
patients [4].

Dual-energy X-ray absorptiometry (DXA) is nowadays
the gold standard for the evaluation of bone mineral density
(BMD), and its criterion for osteoporosis was the lowest
T-score <—2.5 [10, 11]. In order to prevent screw loosen-
ing, many spine surgeons have chosen patients with T-score
of <—2.5 as the target population for using pedicle screw
augmentation techniques [3, 12—14]. Nevertheless, the lum-
bar degenerative changes of patients with LDD can overes-
timate T-scores and lead to false negative results [15, 16].
Consequently, the reports of DXA may mislead spine sur-
geons during preoperative surgical planning. Since 2011, the
vertebral Hounsfield units (HU) value derived from clinical
computed tomography (CT) has been regarded as a valid
tool to evaluate BMD and detect osteoporosis [16-20]. It is
less affected by lumbar degeneration than DXA by avoiding
cortical bone and degenerative changes [16]. Furthermore,
since lumbar CT is a common preoperative examination for
patients requiring lumbar fusion, the HU value can be meas-
ured with lumbar CT images at no extra cost and radiation.
Previous studies have also proved that HU value is a good
predictor for pedicle screw loosening [7, 19, 21]. However,
there is no study comparing the ability of predicting screw
loosening between HU value and T-score. Given the influ-
ence of lumbar degeneration on DXA, this study hypoth-
esized that HU value was a better predictor of screw loosen-
ing than T-score in patients aged > 50 years with LDD.

Materials and methods
Patients

This study was approved by the Ethical Committee of our
hospital, the informed consent was waived because this was
a retrospective study. We reviewed patients undergoing pos-
terior lumbar fusion with conventional pedicle screw fixation
by a single surgical team between July 2011 and December
2015, at our orthopedic department. There were mainly three
fusion types, including posterolateral fusion (PLF), posterior
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lumbar interbody fusion (PLIF), and the combination of PLF
and PLIF. The autograft was harvested from decompression.

The inclusion criteria were (1) patients aged > 50 years;
(2) patients underwent posterior lumbar fusion with conven-
tional pedicle screw fixation for lumbar degenerative dis-
eases, including degenerative lumbar spinal stenosis, degen-
erative lumbar spondylolisthesis, lumbar disc herniation, and
degenerative lumbar scoliosis; (3) the lowest instrumented
vertebra was at L5 or S1; (4) the length of fusion with fixa-
tion was <4 levels (segments); (5) patients underwent lum-
bar CT and DXA at our hospital within 3 months before
the surgery; (6) patients who were followed up 3, 6, and
12 months after the surgery.

The exclusion criteria were (1) patients with history of
spinal surgery; (2) patients with bone tumor, ankylosing
spondylitis, diffuse idiopathic skeletal hyperostosis, rheu-
matoid arthritis, tuberculosis, or secondary osteoporosis;
(3) patients with grade 3 or 4 spondylolisthesis; (4) patients
with screw redirection or malposition; (5) patients under-
went reoperation within 12 months after the surgery for any
complication other than screw loosening.

BMD evaluation

All the patients underwent preoperative three-dimensional
reconstructive lumbar CT (Siemens, DEFINITION, tube
voltage 120 kV) and DXA scans (Discovery A densitom-
eters, Hologic Inc, Bedford, MA, USA). The HU values of
L1-L4 were measured independently by the first author (D.
Z.) for every patient according to the method of previous
studies [16, 18]. An oval region of interest (ROI) was placed
in the middle-axial CT image of vertebral body (Fig. 1). Tra-
becular bone was included in the ROI, the cortical bone, and
posterior venous plexus were excluded. Then, the picture
archiving and communication system (PACS) calculated the
HU value automatically. The average HU value of L1-L4
was used to represent the BMD of lumbar spine.

Fig.1 Example of the measurement of HU value: the HU value of L4
was 177.2
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A total of 30 patients were randomly picked for the evalu-
ation of reliability of HU measurements, and the L1 was
chosen as the representative vertebrae. One month after
the first author (D. Z.) measured the HU values of LI-L4
for every patient, he measured the HU values of L1 of the
randomly picked 30 patients to evaluate intra-observer reli-
ability. The co-first author (ZR. S.) also measured the HU
values of L1 of these 30 patients to evaluate inter-observer
reliability. When measuring the HU values, the two observ-
ers were blinded to the DXA results and the measurements
of the other observer.

DXA scans were performed at L1-4, femoral necks, and
total hips, the T-scores were derived using the NHANES
IIT database. The criterion for osteoporosis was the lowest
T-score <—2.5[10]. The lowest T-score and lowest lumbar
BMD were recorded for the following analysis.

Follow-up assessment

The patients in this study were routinely followed up at 3,
6, and 12 months. The lumbar X-ray (anterior—posterior,
lateral, and flexion—extension views) was performed preop-
eratively and at 3, 6, and 12 months postoperatively. The
criterion of screw loosening was the presence of radiolucent
zones of > 1 mm thick around any pedicle screw in X-ray
image [22, 23]. The first author (D. Z.) independently judged
screw loosening for every patient. The randomly picked 30
patients mentioned above were also used for the evaluation
of intra-observer reliability of judging screw loosening for
D. Z., and the inter-observer reliability between D. Z. and
the co-first author (ZR. S.). At 12 months follow-up, the
patients diagnosed with screw loosening were divided into
loosening group, the other patients were divided into non-
loosening group. Lumbar CT was not routine examination
for follow-up in our hospital, thus, we evaluated the fusion
status with lumbar X-ray instead of CT at 12 months follow-
up. The criterion of pseudarthrosis was the presence of seg-
mental motion of >3° or intervertebral translation of >3 mm
on lateral flexion—extension X-ray images, or without contin-
uous fusion mass at bone graft site [24]. Clinical outcomes
were assessed using the visual analog scale (VAS) and the
Oswestry Disability Index (ODI) score during follow-up.

Statistical analysis

Statistical analysis was conducted using SPSS software
(version 20, USA). Shapiro—Wilk tests were used to verify
the normal distribution of continuous variables. The inde-
pendent samples Student’s ¢ test was used for variables
which followed normal distribution (the lowest T-score and
BMI). The Mann—Whitney U test was used for those not
following normal distribution (age, HU value, the lowest
Iumbar BMD, and levels of fusion). Intra-class correlation

coefficient (ICC) was used to evaluate inter-observer and
intra-observer reliability of HU measurements. (ICC >0.8
was considered to indicate excellent reliability.) The agree-
ment of judging screw loosening on the X-rays was tested
by kappa statistics. Chi-squared test was used for categorical
data. Logistic regression analysis was used to identify the
independent factors of screw loosening, and the results were
presented as odds ratios (OR), with 95% confidence inter-
vals. The receiver operating characteristics curve (ROC) was
used to evaluate the value of predicting screw loosening, and
the area under the curve (AUC) was calculated. P <0.05 was
considered to indicate a statistically significant difference.

Results

A total of 253 patients were included in the final analysis.
One patient had reoperation for screw loosening at 9 months
follow-up. This was a male patient aged 58 years who under-
went lumbar decompression, and fusion with pedicle screw
fixation at L2-L5. The lowest T-score of his DXA was —2.3,
the lowest lumbar BMD was 0.816 g/m?, but his HU value
was 76.0. His ODI score before reoperation was 62.

The characteristics of the remaining 252 patients are
summarized in Table 1. At 12 months follow-up, the rate
of screw loosening was 30.6% (77/252). There were 179
loose screws in total. Most of (96.1%, 172/179) the loose
screws were at the two ends of the fixation construct, with

Table 1 General information

Characteristics All (n=252)

Age (years) 62.4+6.7 (50-83)
Gender

Female 169

Male 83

BMI (kg/m?) 25.8+3.4
HU value 122.8+43.8
Average of the lowest T-score -1.79+1.59
Average BMD of L1-L4 (g/cm?) 0.92+0.35
Length of fusion

1 level 78

2 levels 112

3 levels 45

4 levels 17

The level of LIV*

L5 147

S1 105

Fusion type

PLIF or PLIF+PLF 169

PLF 83

“Lowest instrumented vertebra
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41.9% (75/179) at the cranial end and 54.2% (97/179) at the
caudal end.

The intra-observer and inter-observer reliability in meas-
uring HU value was excellent with ICCs of 0.994 and 0.985,
respectively. The kappa statistics values of the intra-observer
and inter-observer reliability of judging screw loosening
were 0.861 and 0.714, respectively.

The comparison of patient data between loosening and
non-loosening group is shown in Table 2. The factors with
P value of <0.1 in Table 2 were chosen as potential screw
loosening influencing factors and put into the logistic regres-
sion, including age, HU value, the lowest T-score, length of
fixation, level of LIV, and fusion method. The lowest lumbar
BMD was not included in the logistic regression because it
was highly correlated with T-score. According to the logis-
tic regression, the length of fixation (OR, 3.504; 95% CI,
2.250-5.457; P<0.001) and HU value (OR, 0.980; 95% CI
0.968-0.993; P=0.002) were the independent influencing
factor of screw loosening. The OR of the lowest T-score was
1.155 (95% CI, 0.859-1.553; P=0.340).

Based on ROC analysis, the HU value had significant
ability in predicting screw loosening in spite of a relatively
low AUC of 0.666 (95% CI, 0.598-0.735; P <0.001). The
HU value with balanced sensitivity (62.3%) and specificity
(62.3%) of predicting screw loosening was chosen as the
cut-off value for identifying the high-risk patients, which
was 108 HU. For the ease of clinical use, the cut-off value of
108 HU was adjusted to its next “multiple of ten” to 110 HU.

Table 2 The comparison of patient data between loosening and non-
loosening group

Loosen- Non-loosening P value

ing group group (N=175)

(N=TT7)
Age (years) 64.7+6.2 61.4+6.7 <0.001
Gender (female: male) 49:28 120:55 0.443
BMI (kg/m?) 26.4+3.3 25.8+3.3 0.173
HU value 106.8+34.4 129.8+45.7 <0.001
The lowest T-score -21+15 —-1.7+1.6 0.074
The lowest lumbar BMD  0.83+0.16  0.88+0.19 0.054

(g/cm?)

Length of fusion (levels) 2.6+0.8 1.7+0.7 <0.001
LIV*at L5: LIV at S1 34:43 113:62 0.002
PLIF or PLIF+PLF: PLF  42:35 127:48 0.005

4Lowest instrumented vertebra

The lowest T-score and the lowest lumbar BMD of DXA
were not significant predictors for screw loosening with the
AUC of 0.574 (95% CI, 0.498-0.649; P=0.062) for the low-
est T-score, and the AUC of 0.576(95% CI, 0.502-0.650;
P=0.054) for the lowest lumbar BMD.

The prevalence of osteoporosis was 35.3% (89/252). The
rate of screw loosening was higher in osteoporotic patients
than non-osteoporotic patients (39.3% vs. 25.8%, P=0.026).
Among the 89 osteoporotic patients, the 73 patients with HU
value of <110 had higher loosening rate than the 16 patients
with HU value of > 110 (43.8% vs. 18.8%), but the difference
was not statistically significant (P=0.063). Among the 163
patients diagnosed with non-osteoporosis by DXA, there were
45 patients with HU value of <110, and they had significantly
higher loosening rate than the rest 118 patients having HU
value of > 110 (44.4% vs. 18.6%, P <0.001).

At 12 months follow-up, the rate of pseudarthrosis was
40.3% in loosening group and 3.4% in non-loosening group
(P<0.001). The preoperative and postoperative VAS or ODI
score showed no significant difference between loosening
group and non-loosening group (Table 3).

Discussion

This study showed that the T-score of DXA was not sensitive
enough to assess the risk of pedicle screw loosening in patients
aged > 50 years with LDD. The HU value derived from pre-
operative lumbar CT was a better predictor of screw loosen-
ing. Although previous studies have examined the relationship
between pedicle screw loosening and BMD measured by DXA
or HU, to the best of our knowledge, this is the first study com-
paring the ability of predicting screw loosening between these
two methods of BMD evaluation. Moreover, our results indi-
cated that patients with T-scores > —2.5 were also at high risk
of screw loosening when they had lower HU values of <110,
thus, we should not only focus on the DXA measurements
when making surgical plans concerning lumbar fixation.

The screw loosening rate (30.6%) in our study was a little
higher than that of other studies. Tokuhashi et al. [25] found
that screw loosening rate was 26.8% at 12 months follow-up
in patients undergoing 1-4 levels of fixation. Ohtori et al. [26]
and Kim et al. [27] reported that the loosening rate was 7-25%
at 12 months follow-up for patients who mainly underwent
short levels of fixation (1, 2 levels). The difference in loosen-
ing rate could be caused by the characteristics of patients and
surgery procedures. In our study, the patients were at higher

Table 3 The comparison of
clinical outcomes between

Pre-operation

12 months follow-up

loosening and non-loosening VAS (Back) VAS (Leg) ODI (%) VAS (Back) VAS (Leg) ODI (%)
group
Loosening group 52422 62+19 42.1+21.7 29+2.1 2.1+22 22.8+18.6
Non-loosening group  5.0+2.0 5.6+2.2 37.0+18.7 24+2.1 2.0+2.1 19.7+14.8
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risk of screw loosening than those of the studies mentioned
above, because they had a high prevalence of osteoporosis,
and a relatively higher proportion of them underwent > 3 levels
of fixation.

The risk factors for pedicle screw loosening have been
widely reported. In line with previous studies, we found
that the potential risk factors for screw loosening included
older age, low BMD, multi-level fixation, fixation to S1,
and nonuse of PLIF [4, 8, 28-30]. In addition, the logistic
regression analysis showed that the BMD measured in HU
value and length of fixation were the only two independent
influencing factors for screw loosening. Osteoporosis is the
most frequently discussed cause of screw loosening. Our
study showed higher rate of screw loosening in osteoporotic
patients than non-osteoporotic patients, but the T-scores and
BMD values of DXA had poor performance in identifying
patients with screw loosening. Kim et al. reviewed patients
aged > 50 years undergoing lumbar fusion for LDD, they
also found that the measurements of DXA were comparable
between patients with screw loosening and those without
(Lumbar BMD: 0.835 vs. 0.842 g/cmz) [28]. On the contrast,
other studies showed significantly lower DXA measurements
in patients with screw loosening (Lumbar BMD: 0.720 vs.
0.922 g/cmz; T-score: — 1.6 vs. —0.8) [29, 31]. The most
likely cause of these conflicting results is lumbar degenera-
tion. It has been reported that lumbar degeneration can over-
estimate DXA measurements, and this problem can become
more serious in patients with severe lumbar degeneration
than patients with mild lumbar degeneration [16].

The measurement of CT HU value excludes the regions
of cortical bone and degenerative structures, making the
HU value less affected by lumbar degeneration. Previous
studies reported that lower HU value was correlated with
higher risk of screw loosening, and the average HU value
of patients with screw loosening ranged from 77.3 to 116.4
[7, 21, 32]. In our study, the HU value had significant abil-
ity of distinguishing patients with screw loosening from
those without screw loosening, but the value of AUC was
lower than 0.75. This could be because that the occurrence
of screw loosening is due to multifactors, such as length
of fixation. HU value alone is not enough for a very accu-
rate prediction. To reflect the real risk of screw loosening in
patients who could have spurious T-scores, we established
a cut-off value of 110HU for identifying high-risk patients.
Our results showed that patients with HU value of <110
had much higher loosening rate than patients with HU
value of > 110 in spite of T-scores of > —2.5. Furthermore,
the loosening rate of non-osteoporotic having HU value
of <110HU was even comparable to that of the osteoporo-
tic patients (44.4% vs. 39.3%). The possible cause was that
the T-scores of these non-osteoporotic patients were falsely
elevated by lumbar degeneration, and those having lower HU
values were very likely to have osteoporotic lumbar spine

[16]. However, recent studies only applied pedicle screw
augmentation techniques to patients with T-scores of <—2.5,
without considering the influence of lumbar degeneration on
DXA measurements [3, 12—14]. Therefore, we recommend
routinely measuring the HU value for surgical planning in
patients with LDD when they had preoperative lumbar CT
scans. If the spine surgeons plan to use special techniques to
prevent screw loosening, the patients with HU value of <110
should also be chosen as candidates.

In spite of the positive correlation between screw loosen-
ing and pseudarthrosis, the clinical outcomes were compara-
ble between loosening group and non-loosening group in our
study. Tokuhashi et al. also reported that radiographic screw
loosening was an important marker for pseudarthriosis, but
had no significant correlation with postoperative JOA scores
[25]. However, there is still no definite conclusion regard-
ing the clinical relevance of screw loosening identified by
radiolucent zones in lumbar in X-ray [4, 25, 28]. Therefore,
more studies are needed to explore this issue further.

There are three main limitations of this study. Firstly,
this is a retrospective study, more prospective studies are
needed to verify the relationship between HU value and the
risk of screw loosening. The validity of using HU value to
guide surgical decision making also should be investigated.
Secondly, we chose the 12 months follow-up as the time
point for detecting screw loosening, a longer follow-up may
offer more information about the clinical relevance of HU
value and pedicle screw loosening. However, a follow-up
of 12 months was already enough to achieve the aim of this
study, which was to compare the ability of predicting screw
loosening between HU value and T-score. Of note, the BMD
usually has better correlation with the initial stability of lum-
bar fixation, the long-term stability is determined by fusion
status rather than BMD [25]. Thirdly, this study recommends
measuring HU values for patients with preexisting lumbar
CT scans, we should not have the patients undergo routine
lumbar CT scans only for the HU measurements. However,
in some medical centers, lumbar CT scans are not routinely
performed for every patient requiring lumbar surgery, in
which case the HU value cannot be measured.
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