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Background: The aim of this study was to determine whether higher density screw constructs resulted in better surgical out-
comes in patients with scoliosis secondary to Marfan syndrome (MF-S) with large thoracic curves (>70°).
Material/Methods: There were 34 MF-S patients who met the inclusion criteria and were evaluated radiographically before surgery,
2 weeks after operation, and at the final follow-up. The mean screw density was taken as the boundary, and
patients were categorized as either in the high density (HD) group or the low density (LD) group. Parameters
measured included coronal Cobb angle, T5-T12 kyphosis (TK), and T12-51 lordosis (LL). Additionally, the oper-
ation duration, estimated blood loss, screw accuracy, complication rate, and clinical outcomes were compared
between the 2 groups.

Results: The mean screw density of all patients was 1.40+0.15 (range 1.13 to 1.67). Correction rate of the thoracic
curve was closely related to the screw density at the concave side (r=0.783, P=0.007). Intergroup comparison
showed a significantly higher correction rate of the thoracic coronal curve in HD group (56.59+4.80% versus
44.544+9.61%, P=0.036). At last follow-up, coronal correction loss of >5° occurred in 8 cases (47.1%) in the LD
group and 3 cases (17.6%) in the HD group. Both groups demonstrated improvement in each domain of the
SRS-22 questionnaire after surgery and no significant intergroup difference was found.

Conclusions: The high-density pedicle screw construct contributed to the significantly improved correction rate of thoracic
curves in MF-S patients with large thoracic curves (>70°). Additionally, increasing of pedicle screw number could
help to enhance the structural stability and reduce the correction loss during the follow-up period.
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Background

Marfan syndrome (MF-S) is a disorder caused by a mutation in
the fibrillin-1 gene that affects the connective tissue [1]. About
52% to 63% of patients with MF-S are reported to be diag-
nosed with scoliosis [2]. Unlike idiopathic scoliosis, patients
with MF-S have a reduced laminar thickness, thinner pedicles,
and decreased bone mineral density [3,4]. Although pedicle
screw constructs have been proven to be superior for surgi-
cal treatment of scoliosis [5], it has been suggested that inser-
tion of pedicle screws in patients with scoliosis secondary to
MF-S is more likely to result in neurological, vascular, or vis-
ceral damage due to the dystrophic pedicles [34], leading to
lower screw density. Additionally, osteopenia may also weak-
en fixation stability. These factors are thought to account for
the significantly higher number of reoperations and instrumen-
tation-related complications in MF-S compared to adolescent
idiopathic scoliosis [6,7].

In the last several years, a number of different intraoperative
imaging platforms such as O-arm based navigation systems
have been developed to permit safer and more accurate pedi-
cle screw insertion [8-10]. With the assistances of navigation
systems, higher-density pedicle screw constructs tended to
be used and have been assessed as being capable of improv-
ing outcomes for the surgical treatment of idiopathic scolio-
sis [11-15]. Moreover, in dystrophic scoliosis secondary to neu-
rofibromatosis type 1 (NF1-S), Li et al. found a superior mean
coronal correction rate and less postoperative correction loss in
patients with higher implant density [16]. Currently, however,
there is still uncertainty about whether higher screw density
results in improved surgical outcomes in MF-S.

Theoretically, the addition of fixation screws can provide a
stronger pullout force during the rod rotation procedure [17].
This effect may be more pronounced with an increase in the
screw number at the concave side of the curve, as most ma-
neuvers are performed on the concave rod [18]. On the oth-
er hand, higher screw density can alleviate the load borne by
every single instrumentation-bone contact, which is likely to
limit the occurrence of instrumentation-related complications,
such as rod fracture, in MF-S. Additionally, in a biomechani-
cal study conducted by Wang et al., the bone-screw forces in
curves of higher Cobb angles was found to be more sensi-
tive to screw density [19]. Hence, we speculated that, in MF-S
with large thoracic curves, in which the spine was more rigid
and the vertebral axial rotation was larger than that of mild
to moderate curves [20,21], a higher screw density construct
might contribute to better surgical outcomes.

To date, no studies have assessed how screw density affects
surgical outcomes in MF-S patients with large thoracic curves
(>70°). Therefore, in this study, we attempt to explore the
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effect of high-density pedicle screw constructs on the defor-
mity correction and clinical outcomes in MF-S patients with
large thoracic curves.

Material and Methods

Patient population

Under the approval of local Institutional Review Board, the pa-
tient cases with MF-S undergoing one-stage posterior correc-
tion surgery from June 2008 to December 2015 at our center
were reviewed. The diagnoses were made according to the
Ghent nosology [22]. Patients were enrolled if they had tho-
racic curves >70° [21], underwent posterior deformity correc-
tion surgery with all pedicle screw constructs, had no history
of spine surgery, and had more than 2 years of postoperative
follow-up. Patients receiving halo traction or 3-column osteoto-
mies treatment were excluded from the study.

Clinical and radiographic evaluation

Using long-cassette standing posteroanterior and lateral ra-
diographs, patients enrolled in the study were evaluated ra-
diographically before surgery, 2 weeks after operation, and
at the most recent follow-up. Radiographical parameters in-
cluded coronal Cobb angle, T5-T12 kyphosis (TK) and T12-S1
lordosis (LL). In order to avoid the possibility of bias caused
by the preference of spine surgeons on high-density or low-
density spinal constructs, all measurements were performed
in a blinded fashion by 2 independent radiologists to minimize
bias. Preoperative flexibility was calculated based on left and
right side-bending radiographs. Change of sagittal parameters
(TK and LL) was calculated by subtracting the magnitude of
preoperative TK and LL from the magnitude of early postop-
erative (2 weeks after surgery) TK and LL. Coronal and sagittal
correction loss were calculated by subtracting the magnitude
of the early postoperative Cobb angle from the magnitude of
that at latest follow-up. The screw density was expressed as
the number of screws instrumented per level [11].

Postoperative computed tomography (CT) scanning was or-
dered for all MF-S patients. An assessment of screw accuracy
was conducted by 2 independent attending surgeons using the
Gertzbein classification [23]: grade 0 (screws were completely
within the pedicle), grade 1 (penetration <2 mm), grade 2 (pene-
tration between 2 and 4 mm) and grade 3 (penetration >4 mm).
Grades 0 and 1 were considered to be satisfactory (screws in),
whereas grades 2 and 3 (>2 mm) were considered to be per-
forations (screws out). When there was a disagreement be-
tween these 2 attending surgeons, a third senior spinal sur-
geon was consulted to determine the final result.
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In this study, the assessment of clinical outcomes was based
on the Scoliosis Research Society (SRS)-22 questionnaire com-
pleted by patients preoperatively and at the latest follow-up.
Any complications occurring either perioperatively or during
the follow-up period were recorded.

Surgical procedures

After successful general anesthesia, a standard posterior mid-
line incision was made, and anatomical exposure of the spine
was performed. Pedicle screws were placed using an O-arm
navigation or free-hand technique. The screw density used was
mainly depend on the degree of difficulties with screw place-
ment. Only when the path for the pedicle screw was evalu-
ated to be safe, the insertion would be performed. In all pa-
tients, a pre-contoured concave rod was first placed, followed
by a rod on the convex side. Curve correction was performed
via rod rotation or in situ translational correction. Posterior
fusion was achieved using autogenous local bone grafts in
combination with cortical and cancellous allograft. All surger-
ies were performed by 2 senior spine surgeons (YQ and ZZ).
The somatosensory and motor evoked potentials (SSEP and
MEP) were monitored continuously intraoperatively. If any de-
terioration of SSEP or MEP occurred, the correction procedure
would be stopped. Before closure, a wake-up test was rou-
tinely performed.

Statistical analysis

Data analysis was performed using SPSS statistical software
(SPSS Inc., Chicago, IL, USA). The correlation analysis was
conducted by using Pearson correlation test and bivariate
analysis. Differences between pre- and post-operative and
follow-up measures were evaluated by means of the paired
t-test. Using the mean number of screws per level of all pa-
tients (1.40+0.15) as the boundary [14], patients were separat-
ed into 2 groups as follows: the high density (HD) group was
composed of those with a screw density >1.40+0.15, and the
low density (LD) group included those in whom the screw den-
sity was <1.40+0.15. Independent sample t-test was applied
for comparing patient demographics and radiographic param-
eters between the 2 groups. Significance was set at P=0.05.

Results

There were 34 patients (14 males and 20 females) with an aver-
age age of 13.9 years (range 10 to 19 years) who met the inclu-
sion criteria and were reviewed in our study. The mean number
of fused levels was 13.50+0.85 (range 12 to 15), with a mean
screw density of 1.4040.15 (range 1.13 to 1.67). The proximal
fusion level was T2 in 2 case, T3 in 9 cases, T4 in 18 cases, and
T5 in 5 cases. The distal fusion level was L2 in 1 case, L3 in
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5 cases, L4 in 25 cases, and L5 in 3 cases. The O-arm surgical
imaging system was recorded to be used in a total of 14 pa-
tients with a higher mean screw density of 1.50+0.10 com-
pared to those operated with free-hand (1.29+0.12, P=0.019).
The mean length of follow-up was 37.1 months (range 24 to
84 months). Baseline data of all the patients are summarized
in Table 1. Mean flexibility of the thoracic coronal curve was
18.1749.80% (range 6.10% to 33.00%). Average thoracic coro-
nal Cobb angle decreased from 85.03+9.56° (range 73° to 100°)
preoperatively to 40.47+9.52° (range 27° to 57°, P<0.001) post-
operatively, the mean correction rate was 50.67%. On the sagit-
tal plane, thoracic hypokyphosis (T5-T12 <15°) and hyperky-
phosis (T5-T12 >50°) was present in 10 patients (7.89+4.58°,
range 3° to 15°) and 7 patients (65.96+5.45°, range 59° to
72°), respectively, before surgery. After surgery, the magnitude
of TK increased to 17.70+3.65° (range 12° to 21°, P=0.006) in
hypokyphotic patients and decreased to 43.17+7.96° (range
32°to 50°, P=0.006) in the 7 patients with hyperkyphosis. At
last follow-up, a total of 11 patients had a coronal thoracic
correction loss of >5° (range 5° to 7°). A slight increase of TK
was found in the 10 patients with hypokyphosis (19.17+5.78°
at latest follow-up). For the remaining patients, the coronal
and sagittal deformity correction were maintained in the fol-
low-up period.

Then, using the mean screw density as the boundary [14],
patients were separated into the HD group (screw density >1.40)
and the LD group (screw density <1.40) with a mean screw
density of 1.51+0.09 and 1.28+0.11 respectively. A total of 14
surgeries used the O-arm surgical imaging system, including
3 patients in the LD group and 11 patients in the HD group.
The baseline characteristics were similar in both groups with
respect to age, sex, Risser, coronal Cobb angle, flexibility, and
preoperative TK and LL (Table 2). The comparison of radio-
graphic outcomes between the HD and LD groups are presented
in Table 3. A significantly better correction rate of the thoracic
coronal curve was found in the HD group (56.59+4.80% versus
44.5449.61%, P=0.036). Bivariate analysis noted a significant
correlation between screw density and correction rate of the
thoracic curve (r=0.735, P=0.016). Furthermore, a strong asso-
ciation was found between screw density at the concave side
and the correction rate of the thoracic coronal curve (r=0.783,
P=0.007) (Table 4). At latest follow-up, loss of coronal correc-
tion of »5° occurred in 8 cases (47.1%) in the LD group and
3 cases (17.6%) in the HD group. Although no significant in-
tergroup difference noted in coronal thoracic correction loss,
loss of correction was more likely to happen in the LD group
(LD 2.62+5.48° versus HD —4.34+4.23°, P=0.055). With respect
to the sagittal deformity, there were 7 hypokyphotic patients
and 3 hyperkyphotic patients in the HD group, and 3 hypoky-
photic patients and 4 hyperkyphotic patients in the LD group.
After surgery, among those patients with hypokyphosis, an in-
crease of TK >10° was found in 3 patients in the HD group but
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Table 1. Demographic characteristics and clinical features of the patients.

Variables Mean Rang SD
Age at surgery (years) 13.90 10 to 19 2.18

 Duration of follow-up (months) 3700 2to84 1403
Rissersign (grade) s otos 135
levels instrumented 1350  12to1s 085
| Totalscrew density, screws/level 140 L13to167 015
 Screw density of the concave side, screws/level 076  060t0092 009
 Screw density of the convex side, screws/level 064  053t0075 | 008
MainThoraciccuve
"""" Cobbangle (dg) 803 730100 95
"""" Flexibilty % 1817  610t03300 980
Clmbarcuve
"""" Cobbangle (deg) 820  6lto9%4 1030
"""" Flexibilty % 4596 1830to6680 1451
Thoracic kyphosis (T5-T12) (deg) 276 3te72 2074
 Lumbar lordosis (T12-51) (deg) a7z 6tos8 274
SD - standard deviation; deg — degree.

Table 2. The baseline characteristics of patients in the LD and HD groups.

Variables LD group HD group P value
No. of patients 17 17 -

 Ageatsurgery (yeas) 1400324 13805045 | 0895
CSexW® o1 &9 0486
Rissersign (grade) 3204193 3804045 0516
Mainthoraciccuve
"""" Cobbangle (deg) ~ 8620s818 83861163 0723
"""" Flexibilty %) 154621004  2089:9.85 0414
Clmbarcuve
"""" Cobbangle (degy 83311056 790941077 0549
"""" Flexibilty %) ~ 3938:1607 5254:1033 0162
| Thoracic kyphosis (T5-T12) (deg) - 234482140 2610£2810 0872
Lumbar lordosis (T12-S1) (deg) 415242394 479442790 0706

* Statistically significant if P<0.05. LD group (1.28 screw density); HD group (1.51 screw density); M — Male; F — Female; deg — degree.

none in the LD group. For the patients presenting with tho-
racic hyperkyphosis, all 7 achieved normalization of TK post-
operatively and this was maintained at the latest follow-up.

During the operation, the HD group had a longer surgery time
(317.70+51.38 minutes versus 282.00+34.58 minutes, P=0.085),
greater estimated blood loss (2420.00+702.06 mL versus
1740.00+1469.09 mL, P=0.203) and greater volume of total
transfusion (2224.50+631.45 mL versus 1574.80+1502.41 mL,

P=0.224) than the LD group, but these did not reach the sig-
nificance level (P>0.05).

A total of 639 screws were inserted, and 520 screws (81.4%)
were identified as accurate (grade 0) screws. There were 20
out of 343 screws (5.8%) in the HD group and 31 out of 296
screws (10.5%) in the LD group considered to be perforations.
The perforation rate was lower in the HD group, but this dif-
ference was found to be insignificant (P=0.116). A total of 10
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Table 3. Postoperative radiographic outcomes of patients in the LD and HD groups.

Variables LD group HD group P value

Levels instrumented 14.00+0.71 13.00+0.71 0.056
Totalscrew density, screws/level 1285011 1515009 0008
 Screw density of the concave side, screws/level 069:008 083006 0013+
 Screw density of the convex side, screws/level 059:004 068:004 0012+
 Operation duration (minutes) ~ 28200¢3458 3177045138 0085
Estimated blood loss (m) 174000£1469.09 242000470206 0203
EBLpervertebra(m) 12419410479 1850145126 0117
Totaltransfusion (m) 157480£150241 222450463145 0224

Main Thoracic curve (deg) 47.73+8.90 36.29+5.50 0.040*
 Correction rate of the main thoracic curve (%) 44541961  5659:480 0.036*
lumbar curve (deg) 39474781 3426£1026 0393
 Correction rate of the lumbar curve %) 52904375 5599£936 0513
Thoracic kyphosis (T5-T12) (deg) 282:868 43121178 0826
 Change of thoracic kyphosis (deg) 0621518 17742009 0921
Lumbar lordosis (T12-51) (deg) 5142:1703 34612240 0545
 Change of lumbar lordosis (deg) 99013114 44812235 0426

Duration of follow-up (months) 41.71+22.50 32.52+7.85 0.168
 Coronal thoracic correction loss 4341423 2621548 0055
 Coronal lumbar correction loss 0051393 003212 0991
| Thoracic kyphosis (T5-T12) (de) 21281936 24211681 0586
Lumbar lordosis (T12-51) (deg) 533841508  39.10£2760 0340

* Statistically significant if P<0.05. LD group (1.28 screw density); HD group (1.51 screw density), deg — degree.

Table 4. Correlation analysis of screw density and correction outcomes.

Total screw Screw density of Screw density of
density the concave side the convex side

Variable
Correlation P Correlation P Correlation P

Coefficient (r) value Coefficient (r) value Coefficient (r) value

Correction rate of the main thoracic

0.735 0.016* 0.783 0.007* 0.568 0.087
coronal curve
Correction rate of the lumbar coronal 0.508 0.134 0.448 0.194 0.553 0.097
curve
Coronal thoracic correction loss 0.499 0.142 0.369 0.294 0.465 0.175
Coronal lumbar correction loss 0.353 0.318 0.402 0.250 0.228 0.526
Change of thoracic kyphosis -0.101 0.780 -0.111 0.759 -0.073 0.842
Change of lumbar lordosis -0.130 0.721 —-0.050 0.890 —-0.252 0.482

* Statistically significant if P<0.05.
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Figure 1. A 12-year-old female with scoliosis secondary to Marfan syndrome was surgically treated with a 1.38 screw density (LD
group). The magnitude of preoperative thoracic curve was 87° (A), with a 32° kyphotic curve (B). Postoperative radiographs
(C, D) showed a 42.5% primary coronal curve correction rate (from 87° preoperatively to 50° postoperatively). A thoracic
correction loss of 3° and a lumbar correction loss of 6° was observed at 2 years follow-up (E, F).

screws had grade 3 breaches and all occurred in the LD group.
As no neurologic or vascular sequelae resulted, these screws
were neither removed nor repositioned at a revision surgery.

Complications occurred in 5 cases (29.4%) in the LD group and
3 cases (17.6%) in the HD group, respectively. Seven cases of
cerebro-spinal fluid leak occurred (4 in the LD group and 3 in
the HD group) and resolved with pressure dressing. Revision
surgery was performed in 1 case in the LD group due to a rod
breakage at 1.5-year follow-up. For all other patients, no im-
plant-related neurological, vascular, visceral complications, or
failure of instrumentation were observed during the follow-up.

No significant difference in any of the SRS-22 domains was
detected between the HD and LD groups based on preopera-
tive questionnaire. At the recent follow-up, patients in the HD
and LD groups scored similarly in the pain (4.4 versus 4.4), self-
image (4.0 versus 3.9), function (4.0 versus 4.0), mental health
(4.3 versus 4.2), and satisfaction domains (4.1 versus 4.0), with
both groups demonstrating improvement in each domain.

Discussion

The skeletal system of patients with Marfan syndrome (MF-S)
is characterized by excessive linear growth of the long bones
and joint laxity, leading to progressive scoliosis [24]. Only 17%
of MF-S patients had a successful result if electing to wear a
brace [25]. Hence, surgical correction of the spinal deformity
is required for most Marfan scoliosis.

In recent years, the use of pedicle screws has been proven
to be superior in terms of mean absolute degrees and per-
centage of deformity correction when compared to posterior

hook and wire or hybrid constructs [26]. However, the inser-
tion of pedicle screws is quite challenging in MF-S patients be-
cause of the poor anchorage points for internal fixation due
to dystrophic pedicles and dural ectasia [3,4], leading to low-
er screw density (Figure 1). For patients with moderate-sized
curves, even using lower-density implant constructs could
achieve satisfactory correction outcomes because of the flex-
ible spine, as previously reported in idiopathic scoliosis [14].
Nevertheless, there is concern that lower screw density may
lead to compromise of clinical and radiographic outcomes in
patients with large MF-S scoliosis curves, as the spine is more
fixed and the vertebral axial rotation is larger than that of mild
to moderate curves [20,21].

With the development of O-arm based navigation systems,
marked improvement was achieved in the accuracy and safety
of pedicle screw insertion [8-10]. In this way, surgeons have the
chance to eliminate the limitation of the free-hand technique
and increase the number of screws inserted in those patients
with dystrophic pedicles, such as patients with MF-S (Figure 2)
or dystrophic NF1-S. Recently, in a series of 41 patients with
dystrophic NF1-S, Li et al. noted a greater coronal curve cor-
rection and a less postoperative correction loss in patients
of a high-implant-density group (implant density >1.35) [16].
In patients with MF-S, especially in those with large thoracic
curves, we speculated that higher screw density could also
independently predict better correction outcomes. For all we
know, this is the first study to explore the effect of screw den-
sity on deformity correction in a group of pediatric patients
with MF-S with large thoracic curves.

In the current study, there was a positive correlation between
the correction rate of thoracic coronal curve and the screw den-
sity (r=0.735, P=0.016). In addition, this correlation was more
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Figure 2. A 13-year-old female with scoliosis secondary to Marfan syndrome was surgically treated with a 1.62 screw density (HD
group). The preoperative Cobb angle was 85° (A), with a 28° kyphotic curve (B). Postoperative radiographs (C, D) showed a
65.9% primary coronal curve correction rate (from 85° preoperatively to 29° postoperatively). No coronal correction loss was
observed after 2 years of follow-up (E, F).

pronounced with screw density at the concave side (r=0.783,
P=0.007). Subgroup analysis further demonstrated that patients
in the HD group, together with significantly higher screw den-
sity at the concave side, had a significantly higher amount of
thoracic coronal correction than those in the LD group (Table 3).
From a mechanical point of view, the rod rotation maneuver
was mainly performed using the concave rod. On the other
hand, the translational and rotational displacement required
for correction at the concave side was always greater than at
the convex side [18]. Consequently, an increase in the screw
density at the concave side could sustain more internal stress
and achieve superior thoracic coronal correction than a low-
density screw construct. Concerning the difference in correc-
tion loss between subgroups, loss of coronal correction of
>5° occurred in 8 cases (47.1%) in the LD group and 3 cases
(17.6%) in the HD group at latest follow-up. Although no sig-
nificant intergroup difference noted in coronal thoracic correc-
tion loss, loss of correction was more likely to happen in the
LD group (LD 2.62+5.48° versus HD —4.34+4.23°, P=0.055). In
accordance with the present results, Li et al. [16] also demon-
strated that increase of implant density could contribute to the
maintenance of the deformity correction at follow-up. Possible
explanation could be that more pedicle screws were capable
of distributing the resistant force generating from those con-
necting elements of the deformed spine and thus resulted in
less long-term correction loss [27].

During surgery, the average amount of blood loss in our co-
hort was 2080 mL. Compared to the mean estimated blood

loss per level of 80-90 mL reported in adolescent idiopathic
scoliosis [14,15], a mean blood loss per level of 124 mL in the
LD group and 185 mL in the HD group were noted in our study,
increased by 37% to 130%. These results indicate that patients
with MF-S are probably more prone to bleed during surgery
than those with adolescent idiopathic scoliosis. Additionally,
there was a tendency for greater estimated blood loss as well
as longer duration of operation with higher screw density in
our cohort. Hence, surgeons planning and performing surgery
for patients with large MF-S curves should consider these char-
acteristics of MF-S. Although an increased number of pedicle
screws could contribute to superior deformity correction in
large MF-S curves, this could also lead to greater additional
blood loss than in idiopathic scoliosis.

In terms of clinical outcomes assessments, no intergroup sig-
nificant difference was identified in any of the SRS-22 domains
at the most recent follow-up. Our finding was in keeping with
that of Li et al. [16] and Larson et al. [13], which implied that
patients in both the HD and LD groups were satisfied with the
curve correction. With respect to the complications which oc-
curred in our cohort, we noted a case of rod breakage in the
LD group, which may have been due to the decreased bone
mineral density along with the excessive load borne by sin-
gle screw-bone contact that weakened fixation stability [7].
Theoretically, increasing the pedicle screw number can help to
enhance structural stability [17]. Nevertheless, given the dys-
plastic pedicles and dysplastic lamina in MF-S patients, there is
concern that, even with the help of navigation systems, adding
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more screws to the construct still increases the potential risk
of vascular and neurological complications [3,4]. Recently, in a
series of 75 patients, Qiao et al. conducted an analysis of ac-
curacy of pedicle screw insertion in MF-S [10]. They found a
dramatically decreased perforation rate using O-arm naviga-
tion technique (30.8% free-hand versus 11.4% O-arm assisted),
with no impingement of visceral organs or severe neurological
complications. Similarly, in our study, we attributed the low-
er rate of screw perforation in the HD group to the using of
0-arm navigation system in most patients (11 out of 17 pa-
tients). The absence of high grade (penetration >4 mm) screw
perforation or implant-related complications noted in the HD
group further proved the stability and feasibility of a high-den-
sity pedicle screw construct in patients with large MF-S curves.

A limitation of this research was the retrospective nature of
the review. Prospective studies with larger sample sizes are
needed, in which distribution of screws, selection of the fusion
levels, and preoperative health status should be fully limited.
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In addition, it must be cautioned that these findings are in-
terim, further research conducted over longer follow-up pe-
riods is required.

Conclusions

High-density pedicle screw constructs contributed to the sig-
nificantly improved correction of major curves in MF-S patients
with large main thoracic curves (>70°). Although no significant
difference in healthy-related quality of life was identified be-
tween the HD and LD groups, increasing pedicle screw num-
ber could help to enhance the structural stability and reduce
the correction loss during the follow-up period.
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