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With aging of the population, osteoporosis has 
gradually become a global health problem that 
affects 200 million people worldwide.6 It has 

been estimated that there will be more than 400 million el-
derly people and 200 million osteoporotic patients in Chi-
na by the year 2050.4,13 An increasing number of elderly 
patients now need surgical treatment due to degenerative 
lumbar diseases such as degenerative lumbar spinal ste-
nosis, degenerative lumbar spondylolisthesis, and degen-
erative scoliosis.5 Lumbar surgeries are performed 3 times 
more frequently in patients ≥ 60 years old than in younger 
patients.24 The rate of osteoporosis in older patients is re-

ported to be higher than that of the general population, 
with a rate of 50% in older female patients.5

Pedicle screw fixation is a common procedure used in 
the surgical treatment of lumbar degenerative diseases, 
while the osteoporotic lumbar spine has created great 
challenges in maintaining the stability of lumbar fixa-
tion. Pedicle screw loosening is one of the main reasons 
for secondary surgical interventions after lumbar surgery, 
and osteoporosis, or low bone mineral density (BMD), is 
the most frequently reported risk factor for screw loosen-
ing.10 Although the reported incidence of screw loosening 
varies among different published studies, in patients with 
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OBJECTIVE The authors investigated the relation between Hounsfield unit (HU) values measured on CT and the risk of 
pedicle screw loosening in patients who underwent lumbar pedicle screw fixation for degenerative lumbar spine disease.
METHODS Patients who were treated with lumbar pedicle screw fixation between July 2011 and December 2015 at the 
authors’ department were reviewed. Age, sex, BMI, smoking and diabetes histories, range of fixation, and fusion method 
were recorded as the basic patient information. The HU values for lumbar bone mineral density (BMD) for the L1, L2, L3, 
and L4 vertebra were measured on CT scans. Logistic regression analysis was used to identify the independent influenc-
ing factors of pedicle screw loosening.
RESULTS A total of 503 patients were included in the final analysis. The pedicle screw loosening rate at the 12-month 
follow-up was 30.0% (151 of 503 patients). There were no significant differences in sex, BMI, or histories of smoking and 
diabetes between the patients with (loosening group) and those without (nonloosening group) screw loosening (p > 0.05). 
The mean HU value of L1–4 was lower in the loosening group than the nonloosening group (106.3 ± 33.9 vs 132.6 ± 
42.9, p < 0.001). In logistic regression analysis, being male (OR 2.065; 95% CI 1.242–3.433), HU value (OR 0.977; 95% 
CI 0.970–0.985), length of fixation (OR 3.616; 95% CI 2.617–4.996), and fixation to S1 (OR 1.699; 95% CI 1.039–2.777) 
were the independent influencing factors for screw loosening.
CONCLUSIONS HU value measured on CT was an independent predictor for pedicle screw loosening, and lower HU 
value was significantly correlated with higher risk of screw loosening.
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osteoporosis the risk of screw loosening is twice that of 
patients without osteoporosis, and 6.3%–15.6% of patients 
with screw loosening require revision surgery.3,8,20 Howev-
er, only a handful of clinical studies have reported on the 
relation between low BMD and pedicle screw loosening.8

BMD measured in Hounsfield units (HU) on CT is used 
in the evaluation of BMD and can serve as a diagnostic 
tool for osteoporosis. Although there are reports of signifi-
cant correlations between HU values and measurements 
obtained with dual-energy x-ray absorptiometry (DXA), 
few studies have been carried out on the application of 
HU values to prediction of pedicle screw loosening.2,27 In 
the current study, to provide reference value information 
for future clinical practice, we retrospectively reviewed 
patients who received surgical intervention with pedicle 
screw fixation for degenerative lumbar disease, and we in-
vestigated possible correlations between HU values and 
the incidence of pedicle screw loosening in these patients.

Methods
Patients

This study was approved by the Ethical Committee 
of our hospital (IRB00006761-M2018012); the require-
ment for informed consent was waived because this was 
a retrospective study. Patients who were surgically treated 
by the same spine surgeon group in our department for 
lumbar degenerative diseases between July 2011 and De-
cember 2015 were retrospectively included in the current 
study. Included patients met the following criteria: 1) age 
50 years or older; 2) underwent surgical treatment with 
lumbar pedicle screw fixation; 3) underwent CT scans 
of the lumbar spine within 3 months before surgery; and 
4) underwent follow-up for at least 12 months. Exclusion 
criteria were the following: 1) previous history of spinal 
surgery; 2) presence of congenital scoliosis, spinal frac-
ture, spine tumor, or ankylosing spondylitis; 3) > 4 levels 
of fixation; 4) level of the lowest instrumented vertebra 
(LIV) higher than L5; 5) presence of other circumstances 
that affect bone metabolism, such as long-term steroid use; 
6) occurrence of an unsuccessful attempt to place a screw 
at an appropriate position in a single try, such as the place-
ment of a screw that causes injury to the pedicle wall; and 
7) history of reoperation within a year after initial surgery 
for reasons other than screw loosening, such as infection, 
hematoma, neural injury, or adjacent level disk degenera-
tion. General patient information was recorded, including 
age, sex, BMI, and histories of smoking and diabetes. At 
the 12-month follow-up, patients with and those without 
screw loosening were divided into 2 groups, the loosening 
group and the nonloosening group.

Surgical Technique
All surgery was performed with an open, posterior 

midline approach by the same surgical team specializing 
in spinal disorders. Patients underwent either posterolat-
eral lumbar fusion (PLF) or posterior lumbar interbody 
fusion (PLIF), both instrumented with conventional pedi-
cle screw fixation (screw diameter 6.0–6.5 mm for lumbar 
vertebrae, 7.0 mm for S1; length 40–45 mm for lumbar 
vertebrae, 35–40 mm for S1). The starting point for ped-

icle screw insertion was at the intersection of the midline 
of the transverse process and the sagittal plane through 
the lateral margin of the superior facet. The orientation of 
screw insertion was determined by reference to preopera-
tive and intraoperative radiographs. For PLIF procedures, 
a PEEK cage packed with autogenous bone was placed 
into the interbody space following adequate decompres-
sion, discectomy, and endplate decortication. The auto-
graft was harvested from bone removed for decompres-
sion. To simplify the data analysis, we divided the patients 
into 2 groups: patients who underwent PLIF at the caudal 
segment (the PLIF group) and patients who underwent 
PLF alone at the caudal segment (the non-PLIF group).

After surgery, the patients were instructed to walk by 
themselves with a lumbar support brace after 1–3 days of 
bed rest and to wear the brace for 2–3 months. Only essen-
tial daily activities were allowed for the first month after 
surgery. Physical therapy such as ankle pump exercise was 
started the first day after the surgery, and the types and 
frequency of exercise depended on the degree of recovery.

Measurements of HU Value
All of the patients underwent a preoperative lumbar CT 

scan (Definition, Siemens). The tube voltage of all of the 
CT scans was set at 120 kV. An experienced spine sur-
geon (D.Z.) independently used a PACS system (GE Elec-
trics) to measure the HU value. At a horizontal plane at 
the middle level of the vertebral body, a region of interest 
(ROI) was chosen, avoiding cortical bone and the area of 
posterior venous plexus. The mean HU value in the ROI 
was measured automatically by PACS (Fig. 1). In line with 
the DXA method, we used the mean BMD of L1–4 to rep-
resent the overall BMD of the lumbar spine when we cal-
culated the mean HU value of L1–4.

Outcome Assessment
At the 12-month follow-up, lumbar radiographs were 

obtained for all patients. Another senior spine surgeon 
(W.Z.) independently evaluated screw loosening and bone 
fusion. Screw loosening was diagnosed when the clear 
zone around the pedicle screw exceeded 1 mm (Fig. 2). 
Pseudarthrosis was diagnosed when segmental translation 
of ≥ 3 mm or rotation of ≥ 3° was observed in lateral flex-
ion-extension radiographs or there was no continued bone 
fusion mass at any fusion segment at the 12-month follow-
up. Clinical outcomes were assessed during follow-up us-
ing a visual analog scale (VAS; range 0–10) and Oswestry 
Disability Index (ODI) scores (range 0%–100%).

Statistical Analysis
All data were analyzed using SPSS 23.0 (IBM Corpo-

ration). Continuous variables were recorded as means ± 
standard deviations. Quantitative measures were recorded 
as percentages. Independent sample t-tests were applied to 
compare the variables between groups. Quantitative data 
were analyzed with the chi-square or Fisher’s exact test. 
Logistic regression analysis was fitted for the outcomes, 
and the results were presented as odds ratios (ORs) with 
95% confidence intervals (CIs); p < 0.05 was considered to 
indicate a statistically significant difference.

Unauthenticated | Downloaded 05/23/23 11:11 PM UTC



Zou et al.

J Neurosurg Spine Volume 32 • May 2020718

Results
A total of 503 patients were included in the final analy-

sis (188 male and 315 female patients; mean age 61.2 ± 
6.7 years, range 50–83 years) with a mean BMI of 25.9 
± 3.3 kg/m2. At the 12-month follow-up, the overall rate 
of screw loosening was 30.0% (151/503). The screw loos-
ening rate increased with the number of fixation levels 
and was 4.1% (7/170), 33.3% (70/210), 53.3% (48/90), and 
78.8% (26/33) for 1 level, 2 levels, 3 levels, and 4 levels of 
fixation, respectively (p < 0.001). The loosening rate was 
higher in the patients with LIV at S1 than in the patients 
with LIV at L5 (39.9% vs 23.3%, p < 0.001). There were 
323 patients who underwent PLIF at the caudal segment 
(PLIF group); the remaining 180 patients underwent PLF 
alone at the caudal segment (non-PLIF group). The PLIF 
patients showed lower pedicle screw loosening rates than 
the non-PLIF patients (22.9% vs 42.8%, p < 0.001).

The rate of pseudarthrosis was higher in the patients 
with screw loosening (loosening group) than in those 
without (nonloosening group) (43.0% vs 2.6%, p < 0.001). 
The preoperative leg pain VAS and the ODI scores were 
higher in the loosening group (leg pain VAS scores 6.0 ± 
2.0 vs 5.5 ± 2.3, ODI scores 37.2 ± 18.9 vs 33.0 ± 17.8, p 
< 0.05), while the preoperative low-back pain VAS scores 
showed no significant difference between the 2 groups 
(low-back pain VAS score 5.1 ± 2.2 vs 5.0 ± 2.1, p > 0.05). 
The postoperative low-back pain VAS scores were higher 
in the loosening group (low-back pain VAS scores 2.9 ± 
2.1 vs 2.5 ± 2.1, p < 0.05), while the postoperative leg pain 
VAS and ODI scores showed no significant differences 
between the 2 groups (leg pain VAS scores 2.3 ± 2.3 vs 
2.1 ± 2.2, ODI scores 22.9 ± 17.3 vs 19.9 ± 15.3, p > 0.05).

The comparison of general characteristics between 
the loosening and nonloosening groups is shown in Table 
1. The sex, BMI, and histories of smoking and diabetes 
showed no significant differences between the 2 groups 
(p > 0.05). However, there were significant differences be-
tween the 2 groups in age, vertebral HU value of L1–4, 
length of fixation, level of LIV (S1 vs L5), and the fusion 
method of the caudal segment (PLIF vs non-PLIF). Spe-
cifically, the mean HU value of L1–4 was much lower in 
the loosening group than the nonloosening group (106.3 ± 
33.9 vs 132.6 ± 42.9, p < 0.001). The factors with a p value 

of < 0.1 in Table 1 were chosen as potential contributing 
factors for screw loosening and included in the logistic re-
gression analysis. The further logistic regression analysis 
showed that male sex (OR 2.065; 95% CI 1.242–3.433), 
mean HU value of L1–4 (OR 0.977; 95% CI 0.970–0.985), 
length of fixation (OR 3.616; 95% CI 2.617–4.996), and 
fixation to S1 (OR 1.699; 95% CI 1.039–2.777) were the 
independent influencing factors for screw loosening (Ta-
ble 2).

Discussion
The most commonly used parameter for the evaluation 

of BMD is DXA. The lumbar spine (L1–4) and proximal 
femoral bone are the main sites for measurement, and the 
diagnosis of osteoporosis is normally made when the low-
est T-score is < −2.5.23 However, the accuracy of DXA-
based assessment of BMD is affected by variables such 
as lumbar degenerative changes, spinal deformity, previ-
ous spinal surgery, vertebral compressive fractures, etc.28 

FIG. 1. Application of the CT plus PACS system to measure the HU val-
ues of the lumbar spine. The HU value of 128.6 on the horizontal plane 
of the L3 vertebra is shown.

FIG. 2. Anteroposterior (left) and lateral (right) radiographs of a patient 
with postoperative screw loosening.

TABLE 1. Comparison of patient characteristics between the 
pedicle screw loosening and nonloosening groups

Loosening Nonloosening p Value

Patients 151 352
Age, yrs 63.5 ± 6.4 60.2 ± 6.6 <0.001
Sex 0.085
 Male 65 123
 Female 86 229
BMI, kg/m2 25.8 ± 3.2 25.9 ± 3.4 0.937
Smoker 24 48 0.508
Diabetes 24 57 0.933
LIV at S1 81 122 <0.001
PLIF at caudal segment 74 249 <0.001
HU value
 L1 114.8 ± 34.9 143.7 ± 46.3 <0.001
 L2 108.1 ± 36.4 134.9 ± 45.4 <0.001
 L3 100.1 ± 35.5 125.6 ± 43.1 <0.001
 L4 102.2 ± 36.0 125.9 ± 42.7 <0.001
 Mean L1–4 106.3 ± 33.9 132.6 ± 42.9 <0.001

Values are presented as number of patients unless otherwise indicated. Mean 
values are presented ± SD.
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Pickhardt et al. reported that 52.1% of patients with verte-
bral compressive fracture had false-negative results when 
DXA was used to detect osteoporosis.18 The most accurate 
site to assess BMD is the cancellous bone.11,14 Quantita-
tive CT (QCT)–based evaluation of BMD has been gain-
ing popularity over the last few years. Although QCT can 
accurately focus on the cancellous bone and be used to 
make early and accurate diagnoses of osteoporosis, the 
high cost of the equipment and need for rigorous training 
to use the QCT software currently make it difficult to ap-
ply this technique in many clinical settings.2

Unlike DXA, the ROI of the HU is placed in the can-
cellous area of the vertebral body, which makes the HU 
value less affected by lumbar degenerative changes.28 It 
has been widely reported that HU value–based evaluation 
of BMD is correlated with the standard BMD value and 
physical strength of the bone.18,22 The vertebral HU value 
also has excellent validity in detecting osteoporosis and 
good interexamination and interobserver reliability.19 In 
addition, considering that most of the patients requiring 
lumbar surgery undergo preoperative lumbar CT scans, 
the measurement of CT HU values can offer more BMD 
information with no extra cost or additional radiation ex-
posure. Thus the CT HU value is theoretically a useful 
predictor for BMD-related complications after lumbar 
surgery. However, few studies have investigated its use in 
this setting.

Pedicle screw loosening is one of the most common 
complications of lumbar spine surgery. Considering the 
fact that there is no standard method to diagnose screw 
loosening, in this study we used the clear zone around 
screws as the diagnostic criterion. It has been reported 
that when the clear zone around a screw is ≥ 1 mm there 
is 64%–89% sensitivity and 84%–100% specificity for 
the diagnosis of screw loosening.21,25 We found that the 
overall screw loosening rate was 30.0% at the 12-month 
follow-up. The incidence of screw loosening varies widely 
among previous studies.8 This could be due to differences 
in the primary diseases, methods of surgery, length of 
fixation, lumbar BMD, and/or time of follow-up, as well 
as differences in statistical approaches. For example, the 
incidence of screw loosening can be as high as 60% after 
multilevel fixation or in patients with osteoporotic verte-
bral fractures.7 Tokuhashi et al. reported that the screw 
loosening rate was only 7.4% for 1-level fixation, while it 
was over 40% in patients with 4 levels of fixation at ≥ 3 
years follow-up.26

In the current literature, the most frequently reported 
risk factors for screw loosening include older age, low 
BMD, and multilevel fixation, as well as fixation of S1, and 
the latter 3 of these factors were also identified as indepen-
dent risk factors in our study.3,12,16,26 Although the loosen-
ing and nonloosening groups had significant differences in 
patient age, patient age was not an independent risk factor 
in our study according to the logistic regression analysis. 
A possible reason for this is that BMD decreases with age, 
and the loosening rate was higher in the older patients 
mainly because of their lower BMD rather than their age 
itself.4 The effect of sex on screw loosening is still con-
troversial.1,17 Although female patients usually have lower 
BMDs than male patients, we found that being male was 
an independent risk factor.5 This result could be attribut-
able to higher amounts of manual labor and other physical 
activities performed by men than women, which increases 
the load on the fixation construct. The length of fixation 
is a frequently mentioned predictor of screw loosening. In 
the literature, the reported loosening rate was usually low-
er than 10% for 1-level lumbar fusion with pedicle screw 
fixation, but the rate increased significantly when the 
length of fixation was ≥ 2 levels.12,17,26 In another investiga-
tion of single-level fixation, Mo et al. found no differences 
in the screw loosening and fusion rates between the ce-
ment-augmented pedicle screw group and the conventional 
screw group.15 Fixation to S1 is also a significant contribu-
tor to screw loosening, especially for the S1 screws.12 In 
comparison with the lumbar vertebrae, the S1 pedicle is 
shorter and wider and the S1 vertebral body is smaller. 
These anatomical factors may account for the high rate of 
screw loosening in patients with fixation to S1. In addition, 
the risk of screw loosening is associated with the fusion 
method.8 Lumbar interbody fusion with a cage offers ante-
rior support and reduced load on the pedicle screws. How-
ever, the fusion method used in a single patient can be very 
complex, such as the combination of PLF and PLIF at dif-
ferent lumbar segments. Given that the caudal segment is 
the most common site for performing PLIF and that screw 
loosening occurs most often at the LIV, we focused only 
on the fusion method at the caudal segment to simplify the 
analysis.9 The results showed that the PLIF group had a 
lower loosening rate than the non-PLIF group (22.9% vs 
42.8%), but the use of PLIF was not an independent factor 
influencing screw loosening. This result could indicate that 
the fusion method is less important than other independent 
factors in the development of pedicle screw loosening.

Although previous studies have suggested that lower 
BMD is a risk factor for screw loosening, these studies 
lacked logistic regression analyses that included other 
main contributing factors.16,26 Our results demonstrated 
that the patients with screw loosening had lower HU val-
ues of only about 110 HU on average, which was very close 
to the mean HU value in osteoporotic patients.18,28 More-
over, in the logistic regression analysis in our study the 
HU value was proven to be an independent predictor for 
screw loosening. Considering that DXA T-scores can be 
falsely elevated by lumbar degeneration, we recommend 
using CT HU values as a complement to DXA T-scores for 
BMD evaluation during surgical planning. Lumbar spine 
CT is a common and simple procedure for patients before 

TABLE 2. Results of logistic regression analysis of factors 
influencing screw loosening after lumbar surgery

OR (95% CI) p Value

Age in yrs 1.034 (0.994–1.076) 0.098
Male sex 2.065 (1.242–3.433) 0.005
Length of fixation 3.616 (2.617–4.996) <0.001
Mean HU value of L1–4 0.977 (0.970–0.985) <0.001
Fixation to S1 1.699 (1.039–2.777) 0.035
PLIF of the caudal segment 0.773 (0.471–1.267) 0.307
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surgical treatment, making it easier to apply the CT HU 
method in most medical centers.

The main objective for pedicle screw fixation is to fa-
cilitate fusion. However, clinical data are scarce regarding 
the correlation between screw loosening and bone fusion. 
Tokuhashi et al. found that one-half of the patients with 
sustained screw loosening observed on radiographs had 
pseudarthrosis.26 In our study, the rate of pseudarthrosis 
was up to 43.0% in the screw loosening group and was 
only 2.6% in the nonloosening group. These findings fur-
ther demonstrated that pedicle screw loosening was highly 
correlated with fusion failure.

Study Limitations
There are several limitations of this study. First, the 

ROIs for HU measurements were chosen manually, which 
could raise concerns over the repeatability of those results. 
However, it has been proven that HU measurements have 
excellent interobserver and intraobserver reliability.19,29 
Second, this was a retrospective analysis, and additional 
prospective studies are needed to examine the correlation 
between HU values and screw loosening risk. Third, we 
analyzed only the most commonly reported factors. Some 
other potential influencing factors, such as pedicle screw 
size, postoperative sagittal alignment, and spinopelvic pa-
rameters, were not included in the statistical analysis.12

Conclusions
The HU value was significantly correlated with the in-

cidence of screw loosening and can be used as an indepen-
dent factor to predict screw loosening in patients requiring 
pedicle screw fixation for the treatment of degenerative 
lumbar spine disease.
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