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Abstract. - OBJECTIVE: The aim of the
study was to investigate the clinical effect of
single plane screw percutaneous internal fixa-
tion in the treatment of simple thoracolumbar
fractures.

PATIENTS AND METHODS: The subjects of
this study were 84 patients with simple thora-
columbar fractures treated in our hospital from
January 2018 to December 2020. The patients
were grouped by different treatment methods
(42 cases in each group). The single plane group
was treated by percutaneous single plane screw
internal fixation and the universal group was
treated with percutaneous universal screw. The
surgery completion status and the incidence of
complications were recorded. The visual ana-
logue scale (VAS) and the Oswestry Disability
Index (ODI) of the two groups were recorded be-
fore the surgery, 3 days after the surgery, and 7
days after the surgery. The anterior edge height
ratio of the fractured vertebra and the kyphotic
Cobb angle were marked before the surgery, im-
mediately after the operation, and at the last fol-
low-up.

RESULTS: Difference between groups in sur-
gery time, blood loss and hospital stay was
not statistically significant (p>0.05); the sin-
gle plane group had a substantially lower inci-
dence of complications than the universal group
(p<0.05). At the last follow-up, the single plane
group had greatly higher anterior edge height
ratio of the injured vertebra than the universal
group, while kyphotic Cobb angle was greatly
higher in the universal group (p<0.05).

CONCLUSIONS: Both single plane screw and
universal screw percutaneous internal fixation
were feasible for the treatment of simple tho-
racolumbar fractures, but single plane screw
showed better vertebral height recovery and ky-
phosis correction effect, which could reduce
postoperative correction loss.
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Introduction

With the speedy development of the transpor-
tation industry, construction industry, etc., there
is increasing incidence of thoracolumbar fractures
caused by traffic accidents and construction acci-
dents over the past two decades, which seriously af-
fects patients’ quality of life. As minimally invasive
spine surgery improves by leaps and bounds, more
and more doctors and patients choose percutaneous
minimally invasive internal fixation for simple tho-
racolumbar fractures without nerve or spinal cord
injury. Universal screw is mostly used'. Howev-
er, with the in-depth clinical application, universal
screw has poor restoration effect on vertebral height
and cannot completely correct the local kyphosis,
resulting in gradually prominent postoperative de-
ficiency in delayed kyphosis. In recent years, some
scholars? have designed a single plane screw with-
out mobility in the sagittal plane, but the screw tail
can swing left and right in the horizontal plane, and
there is small difficulty in installing the connecting
rod during the surgery. Hence, it achieves good cor-
rection effect in the treatment of idiopathic scoliosis.
However, there is still a lack of clinical reports on
the use of single plane screws for internal fixation
of thoracolumbar fractures. Therefore, this study
included 84 patients with simple thoracolumbar
fractures and made comparison with traditional
universal screws to discuss the efficacy and feasi-
bility of single plane screw percutaneous internal
fixation in the treatment of simple thoracolumbar
fractures. The study is reported as follows.

Patients and Methods
General Data

The subjects of this study were 84 patients
with simple thoracolumbar fractures treated in
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our hospital from January 2018 to December
2020. The medical records were retrospectively
analyzed, and the patients were grouped accord-
ing to different treatment methods, 42 cases in
each group. The universal group was treated by
percutaneous universal screw internal fixation
and the single plane group was treated by percu-
taneous single plane screw internal fixation. In
the single plane group, there were 22 males and
20 females, aged 36-60 years, with an average
age of (43.76+7.78) years; regarding fracture
sites, there were 7 cases of T, 19 cases of T,
10 cases of L, and 6 cases of L,. The universal
plane group had 25 males and 17 females, aged
31-57 years, with an average age of (45.45+6.71)
years; regarding fracture sites, there were 5 cas-
es of T, 17 cases of T ,, 13 cases of L, and 7
cases of L . Difference in general data between
groups was not statistically significant (p>0.05)
(Table I).

The study was evaluated and approved by the
Medical Ethics Committee of Anhui No. 2 Pro-
vincial People’s Hospital in terms of compliance
with the Helsinki principles (Date: 10.07.2022,
Approval No. 2022051). All patients have signed
informed consent.

Inclusion and Exclusion Criteria

Inclusion criteria

The inclusion criteria were as follows: (1) Age 18-
60 years old; (2) Fracture of a single vertebral
body; (3) No nerve or spinal cord injury, injury
class E according to American Spinal Injury
Association (ASIA); (4) Fracture AO type A’
the spinal canal occupation is less than 1/3, no
spinal canal decompression is required; (5) No
history of thoracolumbar fracture or surgery;
(6) Voluntary cooperation to complete the clin-
ical trial.

Exclusion criteria

The exclusion criteria were as follows: (1) Com-
plicated with a history of thoracolumbar tuber-
culosis, osteoporosis, degenerative scoliosis,
etc.; (2) Complicated with fractures of lower
limbs, pelvis and other parts; (3) Complicated
with serious diseases in brain, heart, and lungs.
(4) Patients with incomplete clinical data.

Method

After general anesthesia, the patient took prone
position, and the fractured vertebra was reduced
using the hyperextension position of the oper-
ating bed. The projection points of the pedicles
of the fractured vertebra and the adjacent upper
and lower vertebral bodies were observed under
fluoroscopy and marked on the body surface, and
the puncture point was about 1 cm away from the
projection point. The puncture needle was insert-
ed layer by layer percutanecously, and the point
where the tip of the needle touched the intersec-
tion between the outer edge of the superior artic-
ular process and the midline of transverse process
was observed under fluoroscopy; this point was
selected as the entry point of the vertebral pedi-
cle. The needle was further inserted to the poste-
rior wall of vertebra. The puncture needle should
not damage the medial wall of vertebral pedicle,
the puncture needle was pushed forward into the
vertebral body by about 2cm parallel to the upper
endplate. After pulling out the needle core, in-
serted the guide wire, followed by tapping, depth
measurement, and implantation of a single plane
screw (Beijing Fuller Technology Co., Ltd.). To-
tally six single plane screws were inserted via
the injured vertebra. The connecting rod was
appropriately pre-bent in accordance with the
compression degree of the fractured vertebra and
the size ofkyphotic Cobb angle. At the same time,

Table I. Comparison of general clinical data between the two groups (n/%).

Index Single plane group (n = 42) Universal group (n = 42) t/y? P
Age (years) 43.76 = 7.78 4545 +6.71 -0.742 >0.05
Gender

Male 22 25 0.178 >0.05

Female 20 17 - -
Fracture site

TI11 7 5 0.167 >0.05

T12 19 17 - -

L1 10 13 - -

L2 6 7 - -
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the connecting rods on both sides were installed
to avoid the cutting of the screw tunnel due to ex-
cessive stress concentration. The height recovery
of the fractured vertebra and the correction of the
kyphosis were observed under fluoroscopy after
proper distraction, and the incision was sutured
after confirming the good effect (Figure 1). After
the surgery, functional exercises such as low back
muscle exercises and activities under the protec-
tion of braces were gradually performed. The
universal group was treated by percutaneous uni-
versal screw internal fixation. The procedure was
the same as that of the single plane group except
that the screws inserted during the surgery were
universal screws. Different from universal screw,
the inner core part of single plane screw is a sym-
metrical flat surface, and the screw tail can only
swing in a single plane. This unique design can
not only facilitate the placement of the rod during
the surgery, but also overcome the difficulty that
common universal screw has insufficient strength
when performing vertebral distraction (Figure 2).

Observation Index

The completion of the surgery and the oc-
currence of complications were collected; the
follow-up was 12-15 months, with a mean of
(13.36+1.32) months; the visual analogue scale
(VAS)* and the Oswestry Disability Index (ODI)’
were recorded for the two groups before surgery,
3 days and 7 days after the operation. The anterior
edge height ratio of the fractured vertebrae (Figure
3) and the kyphotic Cobb angle were recorded for
the two groups before surgery, immediately after
the operation, and at the last follow-up (Figure 4).

Statistical Analysis

Statistical analysis was performed using SPSS
22.00 software (IBM Corp., Armonk, NY, USA),
count data were expressed as “n/%”, and differ-
ences between groups were tested by y*. With
insufficient condition for Chi-square test, Fish-
er’s exact test was performed. Measurement data
are represented by “¥ + s”, independent samples
t-test was used to compare the means between

Figure 1. a-c, Percutaneous puncture positioning of the puncture needle, the puncture needle should not damage the medial
wall of vertebral pedicle, Process should be observed under fluoroscopy. d, Insert the screw along the guide needle according to
the screw tunnel. e-g, Install the connecting rod and spread it moderately, observe the recovery of the fractured vertebra and the
correction of kyphosis under fluoroscopy after proper distraction. h, Suture the incision without indwelling the drainage tube.
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Figure 2. a-b, Due to its unique flat inner core, when the single plane screw is placed in the vertical coronal plane, the screw
tail can only move left and right in the horizontal plane and cannot move up and down in the sagittal plane. ¢-d, The universal
screw has spherical inner core, which can swing in both the sagittal plane and the horizontal plane.

the different groups, and repeated ANOVA was
used to compare the indexes at different time
points within the group. p<0.05 indicated that the
difference was statistically significant.

Results

Comparison of Surgical Completion and
Complications Between the Two Groups

The difference between the two groups in
blood loss, surgery time and length of hospital
stay was not statistically significant (p>0.05); the

Figure 3. Schematic diagram regarding measurement of the
anterior edge height ratio of the injured vertebra. Calculate
the anterior edge height of the fractured vertebra (b) and the
anterior edge height of the upper and lower vertebrae (a, c).
Anterior edge height ratio of injured vertebra = b/[(a+c)/2]
* 100%.

single plane group had substantially lower inci-
dence of complications than the universal group
(p<0.05), as shown in Table II.

Comparison of Follow-Up Indexes
Between the Two Groups

The VAS scores and ODI scores of the two
groups at 3 days and 7 days after surgery were
greatly lower than those on the preoperative pe-
riod (p<0.05), and there was no significant dif-
ference between groups (p>0.05), as shown in
Table I11.

Immediately after operation and at the last
follow-up, the anterior edge height ratio of the
fractured vertebra in both groups was signifi-
cantly higher than that before surgery, and the
kyphotic cobb angle was significantly lower than
that before surgery (p<0.05). Difference in the
two indexes between groups was not statistically
significant immediately after surgery (p>0.05),
but at the last follow-up, the anterior edge height
ratio of the fractured vertebra was substantial-
ly higher in the single plane group than in the
universal group, and the kyphotic Cobb angle
was significantly higher in the universal group
(p<0.05), as shown in Table I'V.

Discussion

Thoracolumbar fractures area common disease
in spinal surgery and occurs in many people. For
the surgical treatment of simple thoracolumbar
fractures, pedicle screw internal fixation has al-
ways been the gold standard for surgery. How-
ever, traditional open surgery has many short-
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Figure 4. Typical case: A female patient of 55 years old was admitted to the hospital with low back pain and limited movement
for 5 hours due to a car accident. The admission diagnosis was L, compression fracture, and percutaneous single plane screw
internal fixation was performed in our hospital. a-b, Preoperative frontal and lateral X-ray films showed L, compression fracture and
thoracolumbar kyphosis. ¢-d, Preoperative CT and MRI showed that there was no spinal canal bone space occupying and no spinal
cord injury. e-f, Frontal and lateral X-ray films immediately after surgery show deformity correction and restoration of L, vertebral

body height. g-h, Anterior and lateral X-ray films at the last follow-up showed no remarkable height loss of the injured vertebra.

Table Il. Comparison of surgical indexes and complications between the two groups.

Index Single plane group (n = 42) Universal group (n = 42) t/y? P
Surgery time 94.36 + 7.61 98.12+8.92 -2.781 >0.05
Blood loss 52.34+£8.53 50.96 +9.76 1.342 >0.05
Hospital stay 10.52 £ 1.21 11.34 £ 0.96 -0.453 >0.05
Pulmonary infection 1 1 - -
Transient low back pain 1 0 - -
Correction loss 1 7 - -
Complication rate 3 (7.14%) 8 (19.04%) -0.312 <0.05

Table Ill. Comparison of VAS and ODI scores between the two groups at different time points.
Index Single plane group (n =42) Universal group (n = 42) t P
VAS Preoperative 5.28+0.71 5.61 £0.53 -1.081  >0.05
3 days after surgery 3.17 £ 0.84* 2.83 £0.94* 1.103  >0.05
7 days after surgery 1.81 £ 0.46* 1.98 £0.51* -0.572  >0.05
ODI Before surgery 63.46+2.71 65.31 £2.53 -1.412 >0.05
3 days after surgery 20.85 +£2.43* 21.41 +2.83* -0.659  >0.05
7 days after surgery 14.32 + 1.75% 13.28 + 1.82* 1.870  >0.05

*p < 0.05 vs. preoperative.
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Table IV. Comparison of anterior edge height ratio and kyphoticcobb angle between the two groups at different time points.

Single plane group Universal group
Index (n=42) (n=42) t P
Anterior edge height Preoperative 57.03 £5.01 59.25+4.91 -1.408 > 0.05
ratio Immediately after surgery 92.72 £ 4.38* 89.57 + 4.75% 1.630  >0.05
Last follow-up 89.21 £3.17* 84.36 +3.31* 3219 <0.05
Kyphotic cobb angle  Before surgery 17.71 +£2.43 16.75+2.75 1.191 >0.05
Immediately after surgery 4.53 + 1.48* 5.19 + 1.68* -1.271 >0.05
Last follow-up 5.24 £ 1.26* 7.15 £ 1.38* -4873  <0.05

*p < 0.05 vs. preoperative.

comings: excessive muscle stripping, damage of
posterior ligament complex, denervated muscle
atrophy, postoperative intractable low back pain,
etc®’. With the rapid development of spinal sur-
gery techniques and the gradual promotion of
the concept of minimally invasive surgery, since
Magerl first reported® treatment of thoracolum-
bar fracture with percutaneous pedicle screw
system in 1982, percutaneous internal fixation
has become one important method for simple
thoracolumbar fractures’. This procedure has mi-
nor damage to soft tissue, faster postoperative
recovery, which can significantly reduce the pain
associated with low back muscle injury after
traditional open surgery'®!'. However, the current
percutaneous minimally invasive system mainly
adopts universal screws. There is a risk of cor-
rection loss in the medium and long term, and
the biomechanical stability is worse compared
to unidirectional screws. How to reduce postop-
erative correction loss has become an important
research directionintreatment of simple thoraco-
lumbar fractures withPercutaneous pedicle screw
internal fixation'?. Long-arm singleplane screw
fixation in the sagittal plane retains the mobility
in the horizontal plane. Therefore, it may have
better biomechanical properties than traditional
universal screws in the treatment of simple tho-
racolumbar fractures with percutaneous pedicle
screw internal fixation.

The results of this study indicated that differ-
ence in surgery time, blood loss and hospital stay
between the two groups was not statistically sig-
nificant (p>0.05). The VAS score, ODI score and
kyphotic Cobb angle at different time points were
significantly lower aftersurgery, and the anterior
edge height ratio of fracturedvertebra was signifi-
cantly higher aftersurgery, indicating that single
plane screw is practically feasible for the treat-
ment of simple thoracolumbar fractures withper-
cutaneouspedicle screw internal fixation, which
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has good deformity correction results while re-
ducing surgical trauma. Immediately after the
surgery, difference in the anterior height ratio
of the fractured vertebrae and thekyphoticcobb
angle between the two samples was not statisti-
cally significant, indicating that the two groups
had comparable short-term correction effect af-
ter the surgery. This point is different from the
conclusion of scholars such as Yang et al®. They
believed that, due to the characteristics of sagittal
plane fixation, single plane screw has a stronger
distraction effect on the anterior vertebral column
and the anterior longitudinal ligament, which hel-
prestore anterior edge height of fractured vertebra
and correct kyphosis. The authors agree with his
point of view. The reason for the different results
is that we attach great importance to the use of
the hyperextension position of the bending op-
erating bed to restore the injured vertebra before
surgery*. With moderate intraoperative distrac-
tion, orthopedic force is provided without exces-
sive reliance on twisting force of the screw rod.
In this way, it is possible to effectively avoid the
cutting of the screw tunnel, prevent the loosening
of the nail rod or the existence of broken screw
and rods in the later stage'®. The loss of vertebral
height is a relatively common phenomenon after
internal fixation of thoracolumbar fractures. The
author believes that the main reason is that the
supporting structure of the trabecular bone in the
injured vertebra is damaged, which may cause an
“eggshell”-like bone defect inside the vertebral
body after the shape reduction, resulting in loss
of vertebral height. Comparison between groups
showed that at the last follow-up, the anterior
edge height ratio of the fractured vertebra was
greatly higher in the singleplane group than tho-
sein the universal group, the kyphotic Cobb angle
was substantiallyhigher in the universal group,
and there was lower incidence of postoperative
correction loss, suggesting that singleplane screw
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fixation can better help the recovery and mainte-
nance of injured vertebra height, which reduces
the delayed kyphosis and the loss of the injured
vertebra height after surgery.

We believe that compared with universal screw
and the traditional unidirectional screw, single-
plane screw demonstrates the following advantag-
es: (1) The singleplane mobility of the singleplane
screw enables it to remain fixed in the sagittal
plane. As the unidirectional screw in traditional
surgery, it has a strong distraction effect on the
anterior longitudinal ligament during reduction,
which can better correct kyphosis and restore
the injured vertebra height'®. (2) In the design of
the singleplane screw, its tail cannot move on the
sagittal plane, but can move greatly on the hori-
zontal plane. During percutaneous fixation, it not
only retains the advantages of universal screws in
easy installation of connecting rods, but also dis-
plays internal fixation stability of unidirectional
screws!”. (3) By placing screws in injured verte-
bra, when the single plane screw is installed with
connecting rod for correction, the upper endplate
of the fractured vertebral body can be raised, the
reduction effect of fractured vertebracan be im-
proved, so that the height of the injured vertebra
can be maintained. Qiu et al'® reported that percu-
taneous singleplane screwpedicleinternal fixation
for treatment of single-segment thoracolumbar
fractures without nerve injury had loweranterior
edgeheight ratio offractured vertebra and lower
loss of Cobb anglethan the traditional universal
screwat the last follow-up, which is in accordance
with the results of this study. However, some
scholars” believe that, when placing screws in
injured vertebra, the choice of universal screw
can reduce stress of the screw rod and cutting of
the vertebral body through its micro-movement
function, thus reducing the risk of internal fix-
ation fracture. Nonetheless, in this study, there
were no patients with screw fracture or internal
fixation failure until the last follow-up. Whether
the placement of singleplane screws in the in-
jured vertebra will reduce local micro-movement
and reduce load sharing needs to be further ex-
plored through biomechanical tests. Regardless
of whether a single plane screw or a universal
screw is used, percutaneous fixation needs to pay
attention to improving the imaging data in order
to achieve ideal puncture and screw placement
effect.Before the surgery, the injured vertebra
should be reduced using the hyperextension posi-
tion of the bending operating bed.During surgery,
attention should be paid to the accurate placement

of screws and proper prebending of connecting
rods, so as to guarantee the distraction, reduction
effects and the fixing strength.

Limitations

This study is a clinical retrospective obser-
vational study, there may be case selection bias,
and the number of cases is limited. Multi-center,
prospective, randomized controlled clinical stud-
ies are needed in later studies for verification and
improvement.

Conclusions

Minimally invasive percutaneous internal fix-
ation with single plane screw can achieve good
clinical results in the treatment of thoracolumbar
fractures. Compared with traditional universal
screws, it can provide a better long-term correc-
tion effect and reduce the loss of postoperative
correction, which is worthy of extensive promo-
tion in clinical practice.
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