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Abstract

Background Numerous studies proved that all pedicle screw constructs produce the best outcome in the surgical treatment of
patients with scoliosis. However, the optimal amount and distribution of screws has not yet been defined. In recent studies on
idiopathic scoliosis, the correlation between curve correction and implant density has been discussed with diversifying results.
Purpose The aim of this study was to detect a possible correlation of sagittal and coronal curve correction in dependence
of metal load and flexibility index.

Materials and methods Twenty-six patients were included in this study with surgical correction by one surgeon between
January 2014 and December 2017. Clinical data and radiographic images (preoperative, postoperative and one-year follow-
up) were retrospectively analyzed and metal load, flexibility index, correction rate and correction index were consequently
calculated. The Pearson correlation analysis was used for metal load—correction index and metal load—correction rate, cor-
rection of kyphosis—metal load and correction of lordosis—metal load. According to the mean metal load of 88%, patients
were divided into two subgroups—a low-density group of 12 patients and a high-density group of 14 patients. Clinical and
radiographic features were examined by an independent two-sided t-test.

Results Eight patients were male, 18 patients female. Ten suffered from neuromuscular and 16 from idiopathic scoliosis.
Mean age was 17.1 years. Correction rate directly postoperative was 70.43%, at the follow-up 67.90%. Mean correction index
directly postoperative was 3.40 and at the follow-up 3.23. Pearson correlation of metal load—correction index directly post-
operative was —(.188 and one year postoperative —0.189. The correlation between metal load—correction rate immediately
after the surgery was 0.324 and at the follow-up 0.285. Correlation for correction of kyphosis—metal load postoperative was
—0.120 and one year later —0.178. Pearson coefficient of lordosis—metal load directly after the surgical intervention was
—0.214 and at the follow-up —0.220. Dependency of flexibility index and correction rate showed a positive trend (Pearson
flexibility—correction rate direct 0.616; flexibility index—correction rate follow-up 0.516). A statistically significant dif-
ference between the high- and the low-density group was detected in the correction rate directly postoperative (p =0.047).
Conclusion With an implant density over 70%, satisfactory surgical treatment can be achieved in idiopathic and neuromus-
cular scoliosis. No statistical significance between the high-density (88—100%) and the low-density (73-87%) group could
be verified in curve correction, ICU stay and complications.
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Additionally, the previous anterior release for more flex-
ibility can be averted in many cases. However, the disad-
vantages of pedicle screws are high financial costs, long
duration of the surgery and the risk of neurological and
vascular injuries [1-18].

The dependency of a better correction on a higher pedi-
cle screw density has been discussed in recent studies with
diversifying results. Furthermore, the main part of the lit-
erature covers the treatment of idiopathic scoliosis. There-
fore, the aim of this study was to include idiopathic and
neuromuscular scoliosis and detect a possible correlation
of curve correction in dependence of metal load and flex-
ibility index. In addition, the correlation between sagittal
curve correction and metal density as well as flexibility
index and correction rate was investigated [1-7, 9—18].

Materials and methods

A total of 62 surgical scoliosis treatments in one institu-
tion between January 2014 and December 2017 were retro-
spectively analyzed. Every operation was performed by the
same senior surgeon. Each patient had to perform a pre-
operative magnetic resonance imaging of the whole spine
to exclude malformations of the medulla, e.g., a tethered
cord. Before the surgery, standardized posterior-anterior,
lateral and left- and right-bending radiographs were car-
ried out. Postoperative imaging control (posterior-anterior
and lateral whole spine) was performed one week and one
year after the surgery. The Cobb-angle measurement for
each radiographic image was performed by two examiners
in order to minimize the measurement error. After apply-
ing the exclusion criteria, which are listed below, a total
of 26 patients could be included in this study.
Exclusion criteria:

Congenital scoliosis

Previous spine surgery

Anterior spinal correction

Missing follow-up radiographs

Osteotomies (Smith-Peterson osteotomy, pedicle sub-
traction osteotomy, vertebral column resection)

The statistical analysis was performed for all 26
patients, and the calculated parameters were defined as
follows:

Metal load (%): Number of implants per vertebra in the
fusion segment/ (Number of included vertebra in the
fusion segmentx2) [2, 3,7, 9, 10, 12, 16]

Flexibility index (%): (Cobb-angle PA—Cobb bending
on convex site) ¥*100/Cobb-angle PA [2, 3, 5, 6, 9, 12]
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Correction rate (%): (Cobb-angle PA preop—Cobb-angle
PA postop) #100/Cobb-angle PA preop 2, 3, 6,9, 12]
Correction index: Correction rate/flexibility index [2, 3]

By calculating the correction index, the dependency of
the flexibility on the correction rate was excluded. Sagittal
correction was calculated for kyphosis (T5-T12) and lordo-
sis (L1-L5). These measurements and calculations were per-
formed individually for every curve in the scoliotic deform-
ity directly postoperative and at the one-year follow-up.
Additionally, the patients were divided into a high-density
and a low-density group according to the mean metal load
(88%) and consequently compared.

Surgical technique

All patients were operated by the same senior surgeon
at a single institution with the same technique with neu-
romonitoring (SEP and MEP). Every patient was placed in
a prone position under general anesthesia. Posterior midline
incision was followed by a subperiosteal dissection of the
muscles. Pedicle screws were placed in anatomic position
under intraoperative imaging control. The amount of screws
per vertebra was dependent on the anatomical conditions
of the pedicle. The correction was performed by cantilever
technique, derotation, translation, concave distraction and
convex compression. Allograft bone was implanted after
decortication for better posterolateral fusion.

Statistical analysis

All data are presented as mean + standard deviation. Pearson
correlation analysis (Lund, Sweden) was performed for the
relationship between metal load and correction index, and
metal load and correction rate. Correlation of the sagittal
correction and implant density, flexibility index and curve
correction directly after the surgery and at the follow-up was
also depicted by Pearson coefficient. This calculation was
also performed for the dependency of flexibility index and
metal load. Sixteen patients had a double curve, 10 patients
had only one structural curve. Double-curved scoliosis’
were divided into two curves and measured individually.
The patients were divided into two groups according to the
mean metal load. The features of these groups were investi-
gated by an independent, two-sided ¢ test. A p value <0.05
was considered statistically significant.

Results

In summary, 26 patients, with a mean age of
17.1 +£3.26 years, were included in this study. Eight
patients were male and 18 female, 10 patients had a
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neuromuscular and 16 an idiopathic scoliosis. Mean
flexibility index was 34.7 +£20.19%. The correction rate
directly postoperative was 70.43 +13.79%. At the follow-
up one year later, the correction rate was 67.90+ 13.96%.
The mean correction index was 3.40 +4.81 directly post-
operative and 3.23 +4.47 at the follow-up.

The Pearson correlation of metal load and correction
index direct postoperatively measured —0.188 (Fig. 1) and
one year postoperative —0.189 (Fig. 2).

The correlation between metal load and correction rate
was 0.324 directly after the surgery (Fig. 3) and 0.285 at
the follow-up (Fig. 4). The mean metal load was 88 + 8%.
Divided by the metal load, there was a low-density group
(LD < 88%) and a high-density group (HD >88%).

Mean kyphosis was 39.93 +22.29° preoperatively,
30.68 + 14.02° directly postoperative and 32.41 +15.31°
at the one-year follow-up. The common angle of lordosis
before the surgical correction was 42.28 + 17.05°. Directly
after the surgery, the mean lordosis was 41.73 +9.19° and
one year later 39.50+9.18°.

The average correction of the kyphosis directly post-
operative was 8.65+16.25° and 7.36 + 18.42° at the
follow-up.
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Fig.3 Pearson correlation of metal load and correction rate direct
postoperative
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Fig.4 Pearson correlation of metal load and correction rate one year
postoperative

Lordosis was corrected by a mean 1.00 + 12.89° after the
surgical intervention and 3.46 + 13.60° one year later.

Pearson correlation for correction of kyphosis and metal
load directly after the surgery was —0.120 and —0.178 at the
follow-up. The correlation for lordosis and implant density
immediately postoperative was —0.213 and one year later
—0.220.

The Pearson correlation of flexibility index and correc-
tion rate directly after the surgery was 0.616 and 0.516 at
the follow-up. Pearson coefficient for flexibility index and
metal load was 0.238.

Low-density group

This group included 12 patients with a mean age of
17.3+3.09 years. The ratio male:female was 3:9, seven
patients had an idiopathic and five a neuromuscular scolio-
sis. The mean Cobb-angle of the preoperative posterior-ante-
rior radiograph was 62.6 +16.89°, of the convex bending
radiograph 43.83 +19.11° and the mean flexibility index was
29.76 +19.11%. The average metal load was 81 +3.85% with
13.58 +2.36 instrumentation levels and 22.17 +4.63 pedicle
screws. The mean operation time was 365.08 +48.69 min
with a mean blood loss of 1162.86 + 849.82 ml. Postopera-
tive patients averagely had to stay 3.58 +3.85 days in the
ICU and 0.33 +0.47 patients had a complication. In total
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numbers, four patients developed a complication. Three suf-
fered from postoperative pneumonia and one patient had a
urinary tract infection. Data for blood loss were only avail-
able for seven patients in this subgroup.

Directly postoperative, the mean Cobb-angle was
22.5+12.95° with a correction rate of 65.82 +14.65% and
a correction index of 4.42 +6.51. At the one-year follow-up,
the average Cobb-angle was 23.11 +13.49°, the correction
rate was 64.93 + 15.43% and correction index 4.26 +6.063.

Before the surgery, the mean kyphosis was
42.40 +25.88°. After the correction, the mean Cobb-angle
amounted 31.98 + 14.39° immediately after the surgery and
30.77 £ 15.74° one year later. In average, kyphosis was cor-
rected 8.55 + 19.24° right after the surgery and 9.80 + 18.26°
at the one-year follow-up.

Average lordosis preoperatively was 45.28 +16.52°.
The correction in the low-density group was directly post-
operative 45.26 +5.70° and at the follow-up 43.20+7.13°.
The amount of the lordosis adjustment immediately after
the intervention depicted 0.40 + 12.56° and one year after
2.51+11.66°.

High-density group

The total number of patients in this group was 14; nine had
an idiopathic and five a neuromuscular scoliosis. The ratio
of male:female was 5:9, and the mean age was 16.9 +3.39.
Preoperatively, the mean Cobb-angle was 66.3 + 18.14°, the
angle of the convex bending 45.93 + 18.74° and the flexibil-
ity index was 40.13 +19.49%. The average instrumentation
levels were 12.22 +3.09, with an average number of pedicle
screws of 22.93 +5.89 and a mean metal load of 94 +5.08%.
The mean operation time in minutes was 359 +90.21,
the blood loss 670.83 +422.52 ml, the average ICU stay
4.21+3.05 days and 0.29 +0.45 patients showed adverse
events. Of the four complications detected in patients, three
were due to pneumonia. One patient suffered from a hae-
matothorax. In the CT scan, no screw misplacement was
detected. The CT angiography showed no injury of a ves-
sel, and the central venous catheter was in the right place.
The patient did not need a thoracic drainage and no further
intervention had to be performed. The amount of the periop-
erative blood loss in the high-density group was documented
for twelve of the fourteen patients.

Immediately after the surgery, the mean Cobb-angle was
17.33+10.82°, the correction rate was 75.04+11.11% and
the correction index 2.38 +1.28. One year after the surgery,
the mean Cobb-angle was 20.28 + 13.89°, the correction rate
was 70.87 +11.59% and correction index was 2.20+0.99.

The mean Cobb-angle of kyphosis preoperatively
amounted 37.68 +18.11°, directly after the proce-
dure 29.56 +13.61° and at the time of the follow-up
34.19+14.61°. The correction depicted immediately
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postoperative 8.73 + 12.90° and one year after the interven-
tion 4.69 +12.22°.

Middle value for lordosis of the high-density group before
the surgery was 39.53 +17.06°, right after the correction
38.47+10.50° and at the follow-up 35.47 +£9.47°. The aver-
age Cobb-angle of lordosis changed directly postoperative
with an amount to 1.56 + 13.16° right after the intervention
and 4.51 + 15.38° one year after.

Comparison between low- and high-density group

The only statistically significant difference between the high-
and the low-density group was found in the correction rate
directly postoperative (p =0.047). At the one-year follow-up,
no significant variance could be detected (p=0.21).

There was no statistical significance in age (p =0.76), pre-
operative Cobb-angle (p =0.54), convex bending (p =0.63),
Flexibility index (p =0.13), operation time (p =0.84), blood
loss (p=0.22), length of ICU stay (p=0.63) or complication
rate (p=0.80).

The postoperative Cobb-angle and correction index
showed no significant distinction directly after the surgery or
at the follow-up (Cobb-angle directly postoperative p=0.22,
at the follow-up p=0.55; correction index directly postop-
erative p=0.22, at the follow-up p=0.18).

No statistically significance was detected between the
high- and low-density group in kyphosis before the surgery
(p=0.64), directly postoperatively (p =0.68) and at the one-
year follow-up (p=0.61).

Preoperative lordosis showed no statistical significance
between the two groups of implant density (p =0.44). Right
after the intervention, the p value was 0.07 and one year later
the t-test resulted in a p value of 0.05.

Discussion

There has been a variety of publications on pedicle screw
constructs in the treatment of idiopathic scoliosis and the
effect of implant density on curve correction [1-12, 14-18].

In the database search, only one article about the outcome
of surgical treatment of thoracic scoliosis due to neurofi-
bromatosis Type 1 could be found [13].

The results of all these studies are similar, regardless the
type of scoliosis.

Therefore, the aim was to include all different types of
idiopathic and neuromuscular scoliosis in order to examine
the dependency of metal load on curve correction exclusive
of the flexibility of the curve.

Similar to Quan and Gibson [6], we found no high cor-
relation of the flexibility of the curve and implant density
(0.248).



MUSCULOSKELETAL SURGERY (2022) 106:317-323

321

Li et al. [3] statet no statistically significance for depend-
ency of curve flexibility and metal load. Altough more
patients with flexible spine were distributed in the low-den-
sity group. Li et al. interpreted this finding by stating that
surgeons tend to use less fixation points in more flexible
scoliosis [3].

Pearson coefficient for flexibility index and correction
rate immediately postoperative was 0.616 and at the follow-
up one year later 0.516. This could be interpreted as a posi-
tive correlation like Quan and Gibson [6] depicted in their
study. Mac-Thiong et al. [9] and Li et al. [3] in contrary
found no dependency of curve flexibility with curve cor-
rection rate.

To eliminate the flexibility factor on the surgical correc-
tion, the correction index (correction ratio / flexibility index)
was calculated for every curve by itself. When determin-
ing the Pearson correlation between the metal load and the
correction index, slightly negative results were observed
directly postoperative (— 0.188) and at the one-year follow-
up (-0.189), indicating no correlation between these two
parameters.

Metal load and correction rate showed a Pearson cor-
relation of 0.324 directly after the surgery and 0.285 at the
follow-up. This slightly positive trend could prove coherence
among these parameters.

Pearson coefficient for sagittal correction and implant
density showed neither directly postoperative nor at the
follow-up a dependency (kyphosis—metal load directly
postop — 0.120; kyphosis—metal load follow-up —0.178;
lordosis—metal load directly postop —0.214; lordosis—
metal load follow-up —0.220).

The only statistical significance between low- and high-
density group was detected in the directly postoperative cor-
rection rate (p=0.047). At the follow-up one year later, no
statistical significance was proven (p =0.21). The flexibility
index directly after the surgery and at follow-up was not
significant for correction index.

It can be presumed that the better correction could be by
virtue of the flexibility of the curve. There was no statisti-
cal significance of correction of kyphosis and lordosis in
dependency of the density of the implants (kyphosis preop
p=0.64; kyphosis postop p=0.68; kyphosis follow-up
p=0.61; lordosis preop p =0.44; lordosis postop p=0.07;
lordosis follow-up p=0.05).

When compared to the existing literature, this result is
similar to the study outcome by Chen et al. [2]. In compari-
son with the one-year follow-up in our study, Clements et al.
[10] were able to show a statistically significant correlation
between implant density and curve correction two years after
the surgery. Furthermore, Li et al. [13] also demonstrated
a statistically significant better correction rate (p =0.048)
for the high-density group (> 1.35). The flexibility index
was not calculated, but the difference between high- and

low-density was statistically significant for correction loss at
the last follow-up (two years postoperative). Quan et al. [6]
proved a statistically significant correlation of curve flexibil-
ity with correction rate of the main thoracic curve (p =0.05)
but not for the absolute correction (p =0.57).

On the contrary, Sariyilmaz et al. [12] (mean follow-up
41.21-44.61 months) stated no effect of high or low implant
density on correction rate.

The mean metal load in our study was 88% with 1.76
pedicle screws per vertebra. Clements et al. [10] had a mean
load of 60% and Sariyilmaz et al. [12] of 80%. The range
of instrumentation per level in other studies was 0.6 [3],
0.77 [2], 0.8-1.69 [7], 1.31 [11], 1.32 [15], 1.35 [13], 1.6
[6], 1.61 [1], 1.2-1.7 [5] and 1.66 [16]. The lowest value of
metal load in our study was 73%. This could be a reason for
the low correlation between implant per vertebra with the
correction rate and correction index.

Min et al. [8] stated that an implant density higher than
50% achieves satisfactory results and Mac-Thiong et al. [9]
reported good corrections with implant density higher than
70%. Quan et al. [6] advised higher density for scoliosis
curves with Cobb over 70°. None of our cases had a metal
load under 70% because of the recommendations of present
literature.

Surgeons should consider increasing forces on bone
screw interface by overconstrained constructs with similar
intervertebral forces [4, 5, 15]. High density is important
in the apex of the curve for better EnBloc derotation, but
in non-apical regions the metal load could be reduced [5,
10, 15].

With a curve flexibility higher than 50% and a Cobb
smaller than 55°, there is no correlation between correction
and density according to Le Naéaux et al. [16]. This was
confirmed by Chen et al. [2] who stated an implant density
of 50% is sufficient for a curve with a flexibility higher than
40%.

Li et al. [3] claimed no correction loss by reducing the
implant density by more than 34%. We had high implant
density in flexible and non-flexible curves with satisfactory
results therefore we cannot suggest a smaller metal load than
73%.

Shen et al. [1], and Hwang et al. [17] stated a shorter
operation time, less blood loss and lower implant costs by
reducing implant density. In the present study, there was
no significant difference in blood loss, ICU stay, operation
time or complications. Pneumonia was the main cause for
complications in patients (Table 1).

Initially our goal was to achieve a high metal density in
every patient. Therefore, we tried to place a screw in every
pedicle, even if the pedicle was very small and deformed.
Sometimes we had to use several attempts for the correct
placement, especially in the apex of a curve with a high
Cobb-angle and a great rotation component.
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Table 1 Overview of complications in the low- and high-density group

Low-density group Complication

Patient 1 Pneumonia

Patient 2 Pneumonia

Patient 3 Pneumonia

Patient 4 Urinary Tract Infection
High-density group Complication

Patient 1 Pneumonia

Patient 2 Pneumonia

Patient 3 Haematothorax

Patient 4 Pneumonia

If it was not possible to insert the screw in the correct
way, we chose not to instrument it. An additional reason
to remove a pedicle screw was too narrow space between
the heads of each individual screw.

This could be the reason for the extended operation time
365.08 +48.69 (vs 359 +90.21) and the higher blood loss
1162.86 +849.82 (vs 670.83 +422.52) in the low-density
group.

Barucha et al. [11] only had a significant difference in
costs for low-density instrumentation but not in blood loss,
length of stay, operation time, sagittal correction compli-
cations and SRS-22 outcome. Li et al. [13] also had no
significant difference in blood loss, operation time and
sagittal correction.

Sanders et al. [7, 14] proved a higher patient satisfaction
after surgical correction of scoliosis (p =0.047) but had no
significant difference in SRS-22 outcomes in dependency
of high- and low-density instrumentation.

Better sagittal correction through a higher implant den-
sity was stated by Le Navéaux et al. [15], Clements et al.
[10] and Larson et al. [7]. On the contrary, Wang et al. [4]
showed no statistically significant dependency of sagittal
correction on higher implant density.

Quan et al. [6] reported a dependency of the sagittal on
the coronal correction. We were not able to prove a signifi-
cant dependency of the sagittal correction to the amount
of the implant density.

The small number of cases and short follow-up period
are some of the limitations of our study. For a more sta-
tistically significant statement about the restoration of the
thoracic kyphosis due to surgical correction, the calcula-
tion should be performed individually for idiopathic and
neuromuscular scoliosis. Due to our limited number of
cases, the computation was invalid. Furthermore, implant
costs were not surveyed. It was a common goal to achieve
a high density in curve correction in scoliosis surgery
[7]. For further studies, we intend to plan a metal density
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scarce higher than 70% on the base of X-rays before the
surgery. This should result in a shorter surgery time and
less blood loss.

The statistical analyzation of the amount of the periop-
erative blood loss of our study is furthermore only docu-
mented for nineteen patients. In future research, we aim to
have a larger cohort and also intend to compare the blood
loss in dependence of the application of tranexamic acid.

Conclusion

This study examined the radiological and clinical outcome
in patients with idiopathic and neuromuscular scoliosis.
With and without taking the flexibility of the curve into
account, no correlation between curve correction and high
or low implant density was detected. Every case had an
implant density of over 70% with satisfactory postopera-
tive curve correction. The only statistical significance was
examined in the curve correction rate directly postopera-
tive (p =0.047) with high-density instrumentation, which
could be due to the flexibility of the curve.

No statistically significant difference between high-den-
sity (88-100%) and low-density (73—-87%) instrumentation
was detected in the coronal curve correction index directly
postoperative and at the follow-up, sagittal correction
immediately and one year after the surgery, complications
or the length of ICU stay. Therefore, an implant density of
over 70% can be suggested as adequate operative treatment
for idiopathic and neuromuscular scoliosis.
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