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Abstract

Background: Paraspinal muscle is an important component to maintain spinal stability. But the relationship between
the degeneration of paraspinal muscle and postoperative screw loosening in patients with adult degenerative scoliosis
has not been studied. The objective of this study was to investigate risk factors for screw loosening in patients with
adult degenerative scoliosis, including paraspinal muscle degeneration.

Methods: We investigated 93 patients with adult degenerative scoliosis who underwent spinal interbody fusion and
pedicle screw fixation surgery. The lateral curvature was located in the lumbar spine and the follow-up time was = 2
years. The patients were divided into loosening and non-loosening groups. Screw loosening was defined as a 1-mm or
wider circumferential radiolucent line around the pedicle screw. We checked the cross-sectional area of paraspinal
muscles, spinopelvic parameters, bone mineral density, number of fusion segment, and other factors. The potential risk
factors for screw loosening were investigated by using binary logistical regression analysis.

Results: Fifty-seven patients showed screw loosening, which is 63.4% of total. Compared with patients in the non-
loosening group, the cross-sectional area of erector spinae and psoas major muscle at L5 level were significantly
smaller in patients with screw loosening (P < 0.05). Among these factors, the number of fused segments and relative
erector spinae total cross-sectional area were independent risk factors for screw loosening.

Conclusions: The degeneration of paraspinal muscle and the increase of fusion segment were independent factors for
screw loosening in patients with adult degenerative scoliosis.
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Background

Adult degenerative scoliosis is a common adult spinal
deformity, and the prevalence ranged from 30 to 68% in
elderly [1-4].These patients often suffer from low back
pain, lower limb radiation pain, impaired nerve function,
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claudication, and so on [5, 6]. For patients without re-
mission under conservative treatment, surgical treatment
is required. Screw loosening is a common complication
in patients after long-segment fusion and fixation sur-
gery [7, 8], mainly occurring in proximal or distal verte-
bral bodies, which may be related to osteoporosis and
stress concentration after fusion surgery.

Paraspinal muscle is an important component to
maintain spinal stability, and the degeneration of para-
spinal muscle is associated with a variety of diseases and
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patient’s outcome [9-11]. In patients with adult spinal
deformity, the atrophy of paraspinal muscle was associ-
ated with postoperative proximal junctional kyphosis
(PJK) [12, 13], but there were few reports on the rela-
tionship between the degeneration of paravertebral
muscle and screw loosening. A study found that para-
spinal muscle degeneration was associated with screw
loosening, and smaller cross-sectional area (CSA) and
higher fat infiltration (FI) of paraspinal muscle were risk
factors for sacral screw loosening [14]. But the study in-
vestigated a variety of diseases, including only four pa-
tients with adult scoliosis. To the best of our knowledge,
the relationship between the degeneration of paraspinal
muscle and postoperative screw loosening in patients
with adult degenerative scoliosis has not been studied.

The purpose of this study was to investigate the rela-
tionship between paraspinal muscle degeneration and
postoperative screw loosening and explore the risk fac-
tors for screw loosening in patients with adult degenera-
tive scoliosis.

Methods
It was a single-center retrospective study which was ap-
proved by the Ethics Committee of Peking University
Third Hospital, and the data of 93 patients with adult
degenerative scoliosis who underwent surgical treatment
in our hospital from 2010 to 2016 was analyzed. For this
type of study, formal consent was not required.
Inclusion criteria were as follows: age > 50 years old,
preoperative Cobb angle was > 10°, lateral curvature lo-
cated in the lumbar spine, the number of fused segments
> 3, and the follow-up time was > 2 years. Exclusion cri-
teria were as follows: scoliosis due to other causes, such
as congenital scoliosis, idiopathic scoliosis, tuberculosis,
and tumors; with a history of spinal surgery; with a lack
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of complete preoperative and postoperative follow-up
data; with application of ilium screw; and so on. All pa-
tients underwent posterior median approach without
special muscle preservation techniques [1]. The im-
planted pedicle screws were all conventional screws.

Screw loosening was evaluated by spinal X-ray (Dis-
covery XR650 machine, General Electric Company) and
spinal CT (Revolution CT, General Electric Company).
As shown in Fig. 1, a halo sign showing a circumferential
radiolucent line of > 1 mm around the pedicle screw can
be identified as screw loosening [15, 16].

Measurements of paraspinal muscles, including multifi-
dus muscle (MF), erector spinae muscle (ES), and psoas
major muscle (PS), were obtained from T2-weighted im-
ages. The Signa HDxt 3.0 T machine (General Electric
Company) was used for all MRIs, with TR 2500~4000 ms,
TE 50~120 ms. The slice thickness was 4 mm with a 4-
mm gap between each slice. During the examination, the
patient was in the supine position with both lower limbs
extended and the spine in neutral position. The plane par-
allel to the endplate under the corresponding vertebral
body (L3-5) was selected for image measurement level.

The paraspinal muscle parameters including vertebral
cross-sectional area, muscle total cross-sectional area,
and muscle functional cross-sectional area were mea-
sured by the Image ] software (Fig. 2). The regions of
interest (ROI) were outlined around target muscles on
the inferior endplate of vertebral body [13, 17]. In order
to eliminate the individual differences, the ratio of total
muscle cross-sectional area to vertebral cross-sectional
area was used as relative total muscle cross-sectional
area (rtCSA), the ratio of functional muscle cross-
sectional area to vertebral cross-sectional area was used
as relative muscle functional cross-sectional area
(rfCSA), and the ratio of functional cross-sectional area
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Fig. 1 Halo sign around screws on X-ray (A) and CT (B)
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Fig. 2 Measurements of paraspinal muscles. (1) Vertebral cross-sectional
area; (2) multifidus muscle cross-sectional area; (3) erector spinae muscle
cross-sectional area; and (4) psoas muscle cross-sectional area

to the total cross-sectional area (f/t) was used to reflect
fatty infiltration (FI). The functional cross-sectional area
of the muscle was measured using threshold techniques
(17, 18] (Fig. 3).

A Discovery XR650 machine (General Electric Com-
pany) was used for all images to measure spinopelvic sa-
gittal parameters The radiographic parameters were
measured by standing posteroanterior and lateral whole
spine X-ray preoperatively. The parameters including sa-
gittal vertical axis (SVA, the distance between the C7
plumb line and posterior superior corner on the top
margin of S1)thoracic kyphosis (TK, the angle between
the superior endplate of T4 and the inferior endplate of
T12), lumbar lordosis (LL, the angle between the upper
endplate of L1 and the sacral plate), pelvic incidence (PI,
the angle between a perpendicular from the midpoint of
upper endplate of S1 and a line connecting the center of

Fig. 3 Threshold technique was used to measure the functional
cross-sectional area of muscles. Black area stands for the functional
cross-sectional area
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the femoral head to the center of the upper endplate of
S1), pelvic tilt (PT, the angle between the vertical and
the line through the midpoint of the sacral plate to fem-
oral heads axis), and sacral slope (SS, the angle between
the horizontal and the sacral plate) were measured by an
experienced orthopedic surgeon.

SPSS version 23.0 (IBM company, USA) was used to
analyze the collected data. All values were expressed as
mean + standard deviation. For variables without a nor-
mal distribution, the Mann—Whitney U test was used to
analyze the difference between different groups, while
the independent sample T-test was used to analyze vari-
ables with a normal distribution. The potential risk fac-
tors for screw loosening were investigated by using
binary logistical regression analysis. Statistical signifi-
cance was set at p-value < 0.05.

Results

General data

There were 93 patients in this study, including 21 males
and 72 females. The average age of patients was 63.5 +
5.8 years with a range from 53 to 78 years. The mean
follow-up time was 38.4 + 16.0 (24—48) months. The
mean value of body mass index (BMI) was 25.8 + 4.2 kg/
m?. The mean blood loss was 1156.6 + 659.4 ml and the
mean operation time was 270.4 + 61.9 min. The average
number of fused segments was 5.5 + 1.3, including 2 pa-
tients with 3 fused segments, 22 patients with 4 fused
segments, 28 patients with 5 fused segments, 21 patients
with 6 fused segments, 13 patients with 7 fused seg-
ments, 4 patients with 8 fused segments, and 3 patients
with 9 fused segments. For the distribution of proximal
fixed level, 14 patients were at T8-10, 65 patients were
at T11-L1, and 14 patients were at L2. For the distribu-
tion of distal fixed level, 56 patients were with sacrum
fixation and 37 patients were without sacrum fixation.
The mean preoperative Cobb angle was 25.9 + 9.6° and
mean preoperative bone density was — 0.9 + 1.5. For sa-
gittal parameters, the mean SVA was 55.7 + 38.7 mm,
the mean PI was 48.1 + 10.5°, the mean PT was 23.6 +
10.3°, the mean SS was 24.5 + 9.6°, the mean LL was
25.5 + 15.8°, the mean TK was 21.0 + 12.3°, and the
mean PI-LL was 22.6 + 16.0° (Table 1).

Paraspinal muscle parameters

The measurements of paraspinal muscles, including
multifidus muscle (MF), erector spinae muscle (ES),
and psoas major muscle (PS), are shown in Table 2.
At L3 level, the mean MrtCSA, ErtCSA, and PrtCSA
were 80.3 + 22.5%, 229.8 + 58.8%, and 95.7 + 28.8%,
respectively. The mean MrfCSA, ErfCSA, and PrfCSA
were 41.0 + 18.4%, 140.6 + 51.1%, and 87.1 + 28.1%,
respectively. The mean Mf/t, Ef/t, and Pf/t were 49.5
+ 13.3%, 60.5 + 12.8%, and 90.7 + 5.8%, respectively.
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Table 1 Characteristic of patients
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Table 2 Measurements of paraspinal muscles at different levels

Parameters Value Parameters Value

Age (year) 635 +58 L3 (%)

Gender MrtCSA 80.3 £ 225
Male 21 ErtCSA 2298 + 588
Female 72 PrtCSA 957 + 288

BMI (kg/mz) 258 £ 4.2 MrfCSA 410+ 184

Lumbar T value -09+15 ErfCSA 1406 + 51.1

Follow-up time (months) 384 + 16.0 PrfCSA 87.1 £ 281

Blood loss (ml) 1156.6 + 6594 Mf/t 495+ 133

Operation time (min) 2704 + 619 Ef/t 605+ 128

Hospital stay (days) 126 £ 69 P/t 90.7 £58

Number of fused segments 55+13 L4 (%)

Proximal fixation segment (%) MrtCSA 1096 £ 290
T8-10 14 (15.1) ErtCSA 2023 £ 483
T11-L1 65 (69.9) PrtCSA 1299 + 369
L2 14 (15.1) MrfCSA 553 + 240

Distal fixation segment (%) ErfCSA 111.9 + 398
Sacrum fixation 56 (60.2) PrfCSA 1196 + 350
Non-sacrum fixation 37 (39.8) Mf/t 496 + 140

Screw loosening (%) Ef/t 548 £ 119
Loosening 59 (634) Pf/t 92.1+62
Non-loosening 34 (36.6) L5 (%)

Cobb angle () 259+ 96 MrtCSA 1353 +36.3

Sagittal parameters ErtCSA 1424 + 534
SVA (mm) 55.7 £ 387 PrtCSA 1356 + 382
PI(°) 48.1 £ 105 MrfCSA 62.3 = 28.1
PT () 236+ 103 ErfCSA 63.0 £ 309
SS () 245+ 96 PrfCSA 1334+ 762
LL () 255+ 158 Mf/t 455 + 142
TK () 210+ 123 Ef/t 437+ 119
PI-LL (°) 226 £ 160 Pf/t 978 422

BMI body mass index, SVA sagittal vertical axis, Pl pelvic incidence, PT pelvic
tilt, SS sacral slope, LL lumbar lordosis, TK thoracic kyphosis, PI-LL Pl minus LL

At L4 level, the mean MrtCSA, ErtCSA, and PrtCSA
were 109.6 = 29.0%, 202.3 + 48.3%, and 1299 +
36.9%, respectively. The mean MrfCSA, ErfCSA, and
PrfCSA were 55.3 + 24.0%, 111.9 + 39.8%, and 119.6
+ 35.0%, respectively. The mean Mf/t, Ef/t, and Pf/t
were 49.6 + 14.0%, 54.8 + 11.9%, and 92.1 + 6.2%, re-
spectively. At L5 level, the mean MrtCSA, ErtCSA,
and PrtCSA were 135.3 + 36.3%, 142.4 + 53.4%, and
135.6 + 38.2%, respectively. The mean MrfCSA,
ErfCSA, and PrfCSA were 62.3 + 28.1%, 63.0 + 30.9%,
and 133.4 + 76.2%, respectively. The mean Mf/t, Ef/t,
and Pf/t were 45.5 + 14.2%, 43.7 + 11.9%, and 97.8 +
42.2%, respectively.

M multifidus muscle, E erector spinae muscle, P psoas major muscle, rtCSA
relative total cross-sectional area, rfCSA relative functional cross-sectional area,
f/t the ratio of the functional cross-sectional area and total cross-sectional area

Comparison between the loosening group and non-
loosening group

All patients were divided into the loosening group and
non-loosening group according to whether screw loos-
ening occurred in the last follow-up. There were 59 pa-
tients in loosening group and 34 patients in non-
loosening group. The age of patients with screw loosen-
ing was 64.0 = 6.1years, while that in non-loosening
group was 62.7 + 5.2 years (P = 0.276). The number of
fused segments for patients with screw loosening was 5.7
+ 1.4, while that in non-loosening group was 5.2 + 1.2
(P = 0.075). Besides, the value of BMI, ratio of gender,
bone density, preoperative Cobb angle, and sagittal
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parameters did not have significant difference between
the two groups (Table 3).

To investigate the correlation between paraspinal
muscle degeneration and screw loosening, the measure-
ments of paraspinal muscle were compared between two
groups and the results are recorded in Table 4. Com-
pared with patients in the non-loosening group, the
ErtCSA, ErfCSA, and PrtCSA at L5 level of patients in
the loosening group were significantly smaller (P < 0.05).
Therefore, in our study, the atrophy of paraspinal muscle
was correlated with screw loosening.

To further explore the effect of paraspinal muscle de-
generation on screw loosening, the binary logistic regres-
sion analysis was used. The independent variables
included age, gender, BMI, number of fused segment,
ErtCSA, lumbosacral fusion, and preoperative Cobb
angle. As the result shown in Table 5, the number of
fused segment and ErtCSA were independent factors for
screw loosening. Compared with patients with short
fused segments, patients with more than 5 fused seg-
ments had a 2.882-fold risk of screw loosening. The
greater the ErtCSA was, the lower the rate of screw loos-
ening was. Therefore, in our study, paraspinal muscle
plays a protective role in screw loosening.

Discussion
Screw loosening is a common complication for patients
with fusion and fixation surgery and it is influenced by
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many factors, such as bone density and operation seg-
ment [14, 19, 20]. As an important composition to main-
tain the stability of spine, the degeneration of paraspinal
muscle is of great interest [21, 22]. There was one study
found that the degeneration of paraspinal muscle was
correlated with S1 screw loosening [14]. But the rela-
tionship between the atrophy of paraspinal muscle and
screw loosening was unclear in patients with adult de-
generation scoliosis.

A 1-mm or wider circumferential radiolucent line
around the pedicle screw can be identified as screw loos-
ening [15, 16]. The incidence of screw loosening ranged
widely among those studies. Tokuhashi et al. found that
the rate of screw loosening after single-segment fusion
operation was 7.4%, while the incidence was more than
40% in patients with three or more fused segments [23].
In our investigation, the incidence of screw loosening
was 63.4%, which was higher than previous studies. It
may be related to the fact that the patients in this study
were older and the fused segments were longer com-
pared with previous study [23].

The gender, bone density, and sagittal parameters were
not significantly different between the loosening group
and non-loosening group. Compared with patients in
the non-loosening group, patients in the loosening group
were older and their number of fused segments was lon-
ger, but their difference was not statistically significant.
Among these paraspinal muscle parameters, the CSA of

Table 3 Comparison between the loosening group and non-loosening group

Parameters Loosening Non-loosening P value
Gender (M/F) 16/43 5/29 0.168
Age (year) 64.0 £ 6.1 627 £52 0.276
BMI (kg/m2) 255+ 42 264 + 4.2 0.354
Lumbar T value -08+15 -11+16 0434
Cobb angle () 272 £92 236 £99 0.078
Number of fused segments 57+14 52+12 0.075
Operation time (min) 2774 + 666 2584 + 514 0.154
Blood loss (ml) 11425 + 551.8 11809 + 822.2 0431
Hospital stay (day) 13.1 £ 8.1 11.7 £4.1 0.782
Lumbosacral fixation (YES/NO) 37/22 19/15 0517
Proximal segments (T/TL/L) 10/42/7 4/23/7 0469
Sagittal parameters
SVA (mm) 594 + 434 493 £ 285 0.180
PI () 473 £ 100 496 £ 113 0.308
PT () 235+ 103 239 £ 105 0.861
SS () 238 +89 257 +£108 0351
LL () 249 £ 148 26,7 £174 0.604
TK () 216 £ 131 20.0 £ 109 0.535
PI-LL (°) 224 + 164 229+ 156 0.876

BMI body mass index, SVA sagittal vertical axis, P/ pelvic incidence, PT pelvic tilt, SS sacral slope, LL lumbar lordosis, TK thoracic kyphosis, PI-LL Pl minus LL
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Table 4 The difference of paraspinal muscle measurements
between the two groups

Measurements Loosening Non-loosening P value
L3 (%)
MrtCSA 797 £21.8 815+ 240 0.709
ErtCSA 2226 + 584 242.2 £ 58.1 0.123
PrtCSA 94.0 £ 306 98.8 £ 256 0444
MrfCSA 408 £ 174 412 £ 204 0.928
ErfCSA 136.0 + 482 1484 + 558 0.263
PrfCSA 85.7 £30.2 89.6 + 24.1 0524
Mf/t 503 £123 48.1 £ 148 0445
Ef/t 604 + 122 60.6 £ 139 0.943
Pf/t 90.7 £ 6.3 90.7 £ 5.0 0974
L4 (%)
MrtCSA 108.7 + 294 1111 £ 285 0.706
ErtCSA 1994 + 504 2074 + 44.8 0443
PrtCSA 1290 + 366 1314 + 380 0.756
MrfCSA 54.5 £ 24 56.5 + 24.1 0.700
ErfCSA 110.1 £ 403 1149 + 392 0581
PrfCSA 1185 + 358 1214 + 339 0.698
Mf/t 496 + 148 496 + 126 1
Ef/t 548 £ 11.7 549 + 125 0.963
Pf/t 91.7 £ 69 92.7 £ 46 0.738
L5 (%)
MrtCSA 1311 £ 372 142.7 + 340 0.140
ErtCSA 130.1 £+ 474 163.7 £ 570 0.003**
PrtCSA 1293 + 347 1466 £ 419 0.034*
MrfCSA 617 £278 63.5 £ 29.1 0.768
ErfCSA 575 %275 72.6 £ 345 0.022*
PrfCSA 1321+£919 1356 + 366 0.130
Mf/t 466 + 14.2 435+ 142 0322
Ef/t 439 +12.1 435+ 116 0.881
Pf/t 100.6 + 52.8 929 + 49 0.116
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M multifidus muscle, E erector spinae muscle, P psoas major muscle, rtCSA
relative total cross-sectional area, rfCSA relative functional cross-sectional area,
f/t the ratio of the functional cross-sectional area and total cross-sectional area

Table 5 The risk factors for screw loosening

Parameters Regression coefficient P value OR value

Fused levels 1.059 0.029 2.882 (1.115-7.454)
ErtCSA - 1.142 0.013 0.319 (0.130-0.782)
Consistent value 1.792 0016

E, erector spinae muscle; rtCSA, relative total cross-sectional area
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ES at L5 level was significantly different between the two
groups. The CSA of ES at L3 and L4 level was not statis-
tically significant between the two groups. By binary lo-
gistical regression analysis, we found that the number of
fused segments and degeneration of paraspinal muscle
were independent risk factors for screw loosening.

The number of fused segments was a common risk
factor for screw loosening. With increased fused seg-
ments, the incidence of screw loosening increased sig-
nificantly [14, 23]. Kim et al. found that the rate of S1
screw loosening was higher in patients with 3 or 4 fused
segments than 1 fused segment [14]. In this study, all pa-
tients had 3 or more fused segments and the rate of
screw loosening in patients with more than 5 fused seg-
ments was higher than that in patients with 3 to 5 fused
segments by almost thrice. The possible explanation was
that longer fused segments restricted the motion of
spine and increased the stress on screw. So we suggest
to consider the fused segment before surgery.

Degeneration of paraspinal muscle was also another
risk factor for screw loosening. The cross-sectional area
and fatty infiltration of paraspinal muscle were two key
parameters to evaluate the atrophy of paraspinal muscle
[10, 24-26]. Kim et al. found that screw loosening was
related to the degeneration of paraspinal muscle in pa-
tients with lumbar degenerative diseases. Patients with
screw loosening had smaller CSA of paraspinal muscle
at L5-S1 level [14]. But their study only included four
patients with degenerative scoliosis. In this investigation,
we analyzed the data of patients with adult degenerative
scoliosis and found that patients with screw loosening
had smaller ErtCSA, ErfCSA, and PrtCSA than patients
without screw loosening. By using binary logistic regres-
sion analysis, ErtCSA at L5 level was a protective factor
for screw loosening.

Paraspinal muscle is important for the stability of
spine. Erector spinae muscle and multifidus muscle are
important part of extensor muscles to maintain lumbar
stability [27-29], while psoas major muscle provides
support for flexion of hip joint and lumbar stability [30].
The cross-sectional area of muscle was associated with
the muscle strength [31]. Muscle strength decreased
with the cross-sectional area decreased, which had a
negative influence on the spinal stability and increased
the stress of pedicle screw. It may be related to the fact
that the rate of screw loosening was higher in patients
with worse degeneration of paraspinal muscle.

Fatty infiltration is also another parameter in evaluat-
ing the quality of paraspinal muscles. The signal inten-
sity was higher in patients with screw loosening than
patients without screw loosening, which suggested that
the fatty infiltration was worse [14]. But in this study,
the fatty infiltration of paraspinal muscle did not have
significant difference between two groups. It may be
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related to the different measurement techniques. In our
study, we measured the fatty infiltration of paraspinal
muscle by Image | software, while Kim et al. measured
the signal intensity of muscle to reflect the amount of
intramuscular fat content [14]. There is not a gold
standard in measuring the fatty infiltration of paraspinal
muscle, so it needs more efforts to explore this problem.
Besides, fatty component in muscles could not provide
contractile forces and the fatty infiltration of muscle did
not associate with muscle strength [31].

Previous studies reported that the lower bone density
and sacrum fusion were risk factors of screw loosening
[14, 32]. But in this study, the distribution of both distal
and proximal fused level was not statistically significant
between the two groups. Another investigation also found
that the lumbosacral fusion was not associated with screw
loosening [7]. The explanation for different results was
that the other factors had a stronger impact than the influ-
ence of lumbosacral fixation on pedicle screws stability.
Besides, the bone density was not significantly different
between the two groups in this study. The decrease of
bone density was associated with the increase of age [33].
Patients’ age was not different between two groups, which
may lead to the similar bone density.

There were some limitations in this study. Firstly, it
was a single-center retrospective study which may bring
a selection bias. Besides, the sample size of this research
was small. A prospective study with large sample size
will be needed to confirm our results. Although it had
limitations, this study investigated the relationship be-
tween the degeneration of paraspinal muscle and screw
loosening. Unlike other studies which only measured
paraspinal muscle at one level, we measured the para-
spinal muscle from L3 to L5 levels. We found that the
decrease of cross-sectional area in erector spinae muscle
was independently associated with screw loosening. It
could provide help for further prospective investigation
about the relation between paraspinal muscles and ped-
icle screw loosening, the risk factor of screw loosening
and so on.

Conclusions

The cross-sectional area of erector spinae muscle was
significantly smaller and the number of operated levels
was longer in patients with screw loosening than that in
patients without screw loosening. The degeneration of
paraspinal muscle and the increase of operated levels
were independent factors for screw loosening in patients
with adult degenerative scoliosis.

Abbreviations

BMI: Body mass index; MF: Multifidus muscle; ES: Erector spinae muscles;
tCSA: Total cross-sectional area; fCSA: Functional cross-sectional area; Fl: Fatty
infiltration; PS: Psoas major muscle
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