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Objective : This study aimed to investigate the efficacy of transverse process (TP) hook system at the upper instrumented vertebra
(UIV) for preventing screw pullout in adult spinal deformity surgery using the pedicle Hounsfield unit (HU) stratification based on
K-means clustering.

Methods : We retrospectively reviewed 74 patients who underwent deformity correction surgery between 2011 and 2020 and
were followed up for >12 months. Pre- and post-operative data were used to determine the incidence of screw pullout, UIV TP
hook implementation, vertebral body HU, pedicle HU, and patient outcomes. Data was then statistically analyzed for assessment of
efficacy and risk prediction using stratified HU at UIV level alongside the effect of the TP hook system.

Results : The screw pullout rate was 36.4% (27/74). Perioperative radiographic parameters were not significantly different
between the pullout and non-pullout groups. The vertebral body HU and pedicle HU were significantly lower in the pullout
group. K-means clustering stratified the vertebral body HU >205.3, <137.2, and pedicle HU >243.43, <156.03. The pullout rate
significantly decreases in patients receiving the hook system when the pedicle HU was from >156.03 to < 243.43 (p<0.05), but the
difference was not statistically significant in the vertebra HU stratified groups and when pedicle HU was >243.43 or <156.03. The
postoperative clinical outcomes improved significantly with the implementation of the hook system.

Conclusion : The UIV hook provides better clinical outcomes and can be considered a preventative strategy for screw-pullout in
the certain pedicle HU range.
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INTRODUCTION

Long segment pedicle screw fixation is the standard tech-
nique to correct global spine malalignments and spinal stabi-
lization among patients with adult spine deformity (ASD).
Long segment spinal fixation is associated with various post-
operative complications such as instrument malfunction,
pseudoarthrosis, deep wound infection, and junction fail-
ure™"”. Pedicle screw loosening is a common instrument mal-
function, occurring in 10-60% of long-term follow-ups. This
complication can cause nonunion, screw pullout, screw
breakage, and junctional kyphosis™. The known risk factors
of screw pullout include age, number of fusion levels, overcor-
rection of sagittal alignment, and osteoporosis'*"*?.

For preventing screw pullout, the transverse process (TP)
hook system has been applied in ASD surgery"*”*”. Although
those reports, there is still controversy about the efficacy of
TP hook for UTV screw pullout prevention with clinical and
basic pieces of evidence'™"”.

Bone mineral density (BMD) directly affects the stability of
fusion instrumentation and can be measured by dual energy
X-ray absorptiometry (DXA), which is considered the gold
standard for measuring BMD to evaluate osteoporosis. How-
ever, BMD measurement using DXA has several limitations
including overestimation of BMD in patients with vertebral
compression fractures, hardware, osteoarthritis, osteophytes,
and vascular calcifications”. In addition, patients with ASD
have a heterogeneous bone density distribution due to a coro-
nal and sagittal imbalance.

The Hounsfield unit (HU) value, measured on computed
tomography (CT) scans, is another simple and rapid technique
that can assess heterogeneous bone quality” and predict os-
teoporosis”"”, fusion rate'”, and instability of implants™**”.

Although some studies have associated the vertebral body
or pedicle HU value to screw loosening, to the author’s knowl-
edge, this is the first study to examine the clinical effect of the
TP hook according to CT HU value at UTV level as a defender
of screw pullout in deformity correction surgery for patients
with ASD.

This study aimed to investigate whether the use of the TP
hook system can be effective as a screw pullout prevention
strategy in adult spinal deformity surgery using K-means
stratification of CT HU at the UIV level.
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MATERIALS AND METHODS

Patients

This retrospective study, approved by the Institutional Re-
view Board of Gangnam Severance Hospital (IRB No. 3-2019-
0056), included patients who underwent pedicle screw fixa-
tion for deformity correction from a single institution from
November 2011 to December 2020, either as a primary surgery
or revision surgery. Seventy-four patients were included in the
study and divided into two groups i.e., the pedicle screw pull-
out group (n=27) and the pedicle screw non-pullout group
(n=47).

The inclusion criteria for this study were as follows : 1) long
posterior spinal screw fixation involving four or more levels;
2) age >50 years at the time of surgery; 3) preoperative spine
CT scans obtained within 1 month before surgery; 4) follow-
up conducted for at least 12 months with postoperative stand-
ing radiographs to evaluate coronal/sagittal plane alignment
and spinopelvic parameters; 5) indications for pedicle screw
fixation, including adult spinal scoliosis (degenerative or idio-
pathic), iatrogenic spinal deformity, and primary degenerative
sagittal imbalance; and 6) instrumentation at the UIV with
pedicle screws or TP hooks. Patients with a history of spinal
tumors, ankylosing spondylitis, and metabolic bone disease
were excluded from the study. Baseline patient data was col-
lected, including age at surgery, sex, height, weight, body mass
index (BMI), and BMD.

Estimation of bone density

Using the technique described by Schreiber et al.”’, bone
density was determined using HU values from preoperative
CT scans (Siemens, Erlangen, Germany) within 1 month prior
to surgery.

The HU value for the average region of interest (ROI) was
determined using the picture archiving and communication
system (PACS) software (GE Healthcare, Barrington, IL,
USA). The vertebral body HU value was measured in the axial
plane of the mid-vertebral body. The elliptical ROI included
the maximum possible cancellous bone region and to avoid
cortical edges and heterogeneous regions, such as osseous ab-
normalities and the posterior venous plexus. The pedicle HU
value was measured on the axial plane of the mid-pedicle,
which commonly lies within the screw trajectory. The ellipti-

cal ROI was drawn in the same way as the vertebral body HU,
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Fig. 1. Estimation of bone density using Hounsfield unit (HU) values with preoperative computed tomography scan. A : The vertebral body HU value
was measured on the axial plane of the mid-vertebral body. B : The elliptical region of interest (ROI) was drawn to include maximum possible amount of
cancellous bone, while avoiding cortical edges and heterogeneous regions (white circle). C: The pedicle HU value was measured on the axial plane of
the mid-pedicle where screw trajectory is commonly directed (white line). D : The elliptical ROI for the pedicle resembled that of vertebral body HU,
except for the cortical bone (white circle). The diameter of the pedicle was measured at the narrowest segment of the pedicle (white line).

except for the cortical bone. The pedicle HU was determined
as the average HU value on both sides. Additionally, the diam-
eter of the pedicle was measured at the narrowest segment on
the axial plane of the mid-pedicle. We measured the HU val-
ues of the vertebral body and pedicles on preoperative CT at
the level of screw pullout during the follow-up (Fig. 1).

Radiologic assessment and definition of screw
pullout

Standing whole-spine radiography was performed before
and 1 week after surgery to assess global spinal alignment and
spinopelvic parameters. The pelvic tilt (PT), pelvic incidence
(PI), sacral slope (SS), C7-S1 sagittal vertical alignment (C7S-
VA), lumbar lordosis (LL), and thoracic kyphosis (TK) were
measured.

Screw pullout was defined as a change in pullout length =5

mm in the sagittal view on the follow-up spine radiography.

Clinical outcomes

Clinical outcome parameters collected during the preopera-
tive hospital stay, and 12-24 months post-operatively, were
used to quantify pain and functional improvement. These pa-
rameters included Visual analog scales (VAS) for back and leg
pain, Oswestry disability index (ODI) scores, and the 36-Item
Short Form Survey (SF-36).

Statistical analysis
Statistical analyses were performed using IBM SPSS Statis-
tics for Windows version 22 (IBM Corporation, Armonk,

NewYork, USA). Standard analyses were performed using the
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paired t-test and the independent Student’s t-test for continu-
ous variables. The chi-square test was used for categorical
variables. The vertebral body HU and pedicle HU were divid-
ed into three groups using the clustering method with two
centroids. For survival analyses of screw pullout, Kaplan-Mei-
er survival curves for each group were drawn and compared
using the log-rank test. Statistical significance was determined

using a p-value <0.05.

RESULTS

Baseline characteristics

The screw pullout rate was 36.4% (27/74) in the patients un-
dergoing pedicle screw fixation. No statistically significant
differences were identified in age, sex, height, weight, BMI,
BMD, follow-up periods, fusion level or ULV level between the
two groups. The mean fusion levels in the pullout and non-
pullout groups were 7.6+2.7 and 8.6+2.1, respectively (p=0.093).
The incidence of TP hook instrumentation at UIV was 14.8%
(4/27) in the pullout group and 44.7% (21/47) in the non-pull-
out group, and there were significant differences between the
two groups (p=0.009) (Table 1).

Perioperative radiographic parameters showed no signifi-
cant differences in PT, PI, SS, LL, TK, and C7SVA between the

two groups.

HU values of vertebral body and pedicle with
stratification using K-means clustering
The HU values of the UIV vertebral body and pedicle in the



Table 1. Patient characteristics
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Screw pullout

Yes (n=27) No (n=47) p-value
Male/female ratio 3:44 0.084
Age (years) 68.8+6.1 694+54 0.649
Height (cm) 155.5+8.3 154.0+£59 0435
Weight (kg) 61.5£9.6 59.8+94 0441
BMI (kg/m’) 251+2.8 252435 0.982
BMD 21411 -1.941.0 0.484
Follow-up periods (months) 35.1£19.6 304+234 0.387
Fusion levels 76+2.7 8.6+2.1 0.093
UIV level 11.542.8 109420 0375
UIV TP hook* 14.8) 21 (44.7) 0.009
UIV Vertebral body HU* 135.0+33.8 18344469 <0.001
UIV pedicle HU* 147.1+43.1 218.8+48.7 <0.001
UIV pedicle diameter (mm) 77431 6.9+1.6 0.352
Pre-operative radiographic parameters
PT () 3514125 3344114 0.565
PI (%) 54.5411.1 53.6+114 0.736
SS(°) 19.5+12.9 20.2+14.2 0.827
LL (%) 9.9+16.6 11.2422.5 0.807
TK () -17.8+15.1 -18.2+17.8 0.703
C7SVA (mm) 1184470.8 95.2+60.6 0.142
Post-operative radiographic parameters
PT () 24.8+9.5 274+18.2 0490
PI (%) 494+129 52.1£10.1 0344
SS(°) 2474117 26.8+11.1 0431
LL(°) 35.7414.2 34.8+17.1 0.809
TK(°) -0.5+14.9 -8.3+113 0.700
C7SVA (mm) 21.6+51.2 39.5+472 0133

Values are presented as mean+standard deviation or number (%) unless otherwise indicated. *p<0.05. BMI : body mass index, BMD : bone mineral
density, UV : upper instrumented vertebra, TP : transverse process, HU : Hounsfield unit, PT : pelvic tilt, PI : pelvic incidence, SS : sacral slope, LL : lumbar

lordosis, TK : thoracic kyphosis, C7SVA : C7-S1 sagittal vertical alignment

screw pullout group were significantly lower than the non-
pullout group (vertebral body HU, p<0.001; pedicle HU,
P<0.001). Although the mean pedicle diameter was higher in
the screw pullout group than the non-pullout group, the dif-
ference was not statistically significant (p=0.352) (Table 1).

Using K-means clustering, they were divided into three
groups with two centroids. The vertebral body HU were group
1 =205.3, 205.3> group 2 =137.2, group 3 <137.2, and pedicle
HU were group 1 =243.43, 243.43> group 2 =156.03, group 3
<156.03.

Survival analyses on screw pullout

The Kaplan-Meier curves for each analysis are shown in Fig.
2. The application of the TP hook statistically appeared to re-
duce the occurrence of screw pullout in group 2 from 243.43>
pedicle HU to =156.03 (p=0.042), and there was no statistical
significance was observed when pedicle HU was =243.43 or
<156.03. Vertebra body HU groups did not show the differ-
ences in screw-pullout occurrence whether the application of
the TP hook or not.
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Fig. 2. The Kaplan-Meier curves for screw pullout-free survival : (A) 243.43 >UIV pedicle HU >156.03, (B) UIV pedicle HU <156.03, (C) 205.3> UIV vertebral
body HU >137.2, and (D) UIV vertebral body HU <137.2 whether transverse process hook application or not. *p<0.05. UIV : upper instrumented vertebra,

HU : Hounsfield unit.

Pain and functional outcomes

Clinical outcome parameters included the VAS for back and
leg pain, ODI scores, and SF-36 scores. No statistically signifi-
cant differences were observed in the preoperative outcomes
assessment between the pullout and non-pullout groups.
However, postoperative VAS, ODI, SF-PF, and SE-RP scores
were significantly higher in the non-pullout group than pa-
tients with screw pullout (Table 2). Similarly, no significant
preoperative differences were found with or without hook im-
plementation; however, the postoperative VAS, ODI, SF-PF,
and SF-RP showed significant improvement when a hook was
used (Table 3).
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DISCUSSION

In this study, the screw pullout rate was 36.4% (27/74),
which was similar to the rate reported in another recent study
(34.2%)™. Unlike previous studies, age, number of fusion lev-
els, overcorrection of sagittal alignment, and osteoporosis
were not significantly different between the two groups in this
study. BMD suggested a trend towards lower values in the
pullout group; however, the difference was not statistically
significant.

Traditional DX A-based bone density measurements tend to
be overestimated in patients with ASD; furthermore, such
measurements do not reflect local heterogeneous changes due
to the unequal distribution of load caused by malalignment.

The HU value is a simple and rapid technique to assess het-
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Table 2. Comparison of clinical outcomes with VAS, ODI, SF-36 before and after surgery according to incidence of screw pullout

Pre-operation

Post-operation

Pullout (n=27) Non-pullout (n=47) p-value Pullout (n=27) Non-pullout (n=47) p-value
VAS* 7.8+1.6 73114 0.212 46+19 33+14 0.018
ODI (%)* 66.7£16.5 64.6+11.8 0.605 53.8+139 42.7+13.2 0.014
PF* 9.3+13.5 17.2+£16.8 0.121 176+16.2 4414179 <0.001
SF 25.0+18.3 34.8+28.7 0.238 3844243 34.8+229 0.652
RP* 6.3+94 16.7£229 0.099 13.1£16.2 36.8+22.7 0.001
PCS 18.1£10.3 26.2+16.6 0.072 30.316.1 349+174 0424
MCS 29.8+12.3 40.5+22.9 0.102 43.5+173 40.2+239 0.659

Values are presented as mean=+standard deviation. *p<0.05. VAS : Visual analog scales, ODI : Oswestry disability index, SF-36 : the 36-Item Short Form
Survey, PF : physical functioning, SF : social functioning, RP : role limitations caused by physical problems, PCS : physical component summary, MCS :

mental component summary

Table 3. Comparison of clinical outcomes with VAS, ODI, SF-36 before and after surgery according to incidence of hook implementation

Pre-operation

Post-operation

With hook (n=25) Without hook (h=49) p-value With hook (n=25) Without hook (h=49) p-value
VAS* 74+19 75+1.2 0.212 32114 41417 0.039
ODI (%)* 67.5+12.7 63.3+14.8 0.605 4174139 5344125 0.006
PF* 15.6417.2 13.6415.2 0121 4124199 2534204 0.012
SF 28.8+24.8 3444272 0.238 35.6+25.1 36.8+214 0.884
RP* 14.7424.2 11.3+13.7 0.099 34.6+26.2 19.1+16.5 0.028
PCS 24.6+184 2144105 0.072 32.3£193 34.2+139 0.734
MCS 3544228 3844176 0.102 3914229 4434199 0474

Values are presented as mean+standard deviation. *p<0.05. VAS : Visual analog scales, ODI : Oswestry disability index, SF-36 : the 36-Item Short Form
Survey, PF : physical functioning, SF : social functioning, RP : role limitations caused by physical problems, PCS : physical component summary, MCS :

mental component summary

erogeneous bone quality™ and is used to predict osteoporo-

- 31517 - 14 . 13
sis”™"”, pseudoarthrosis™, cage subsidence'”, and screw loos-

ening2,19,29)‘

In this study, vertebral body HU, pedicle HU, and hook ap-
plication were significantly lower in the screw pullout group.
This is consistent with a previous study, which showed that
vertebral body HU alone is insufficient for accurate evaluation
of screw loosening risk, and that including pedicle HU would
facilitate greater accuracy in risk assessment™”.

Furthermore, we shed light on the clinical efficacy of TP
hook system as a screw pullout prevention strategy in adult
spinal deformity surgery using K-means clustering of pedicle
HU at the UIV, suggesting that the pedicle segment is a more
significant contributor to TP hook semi-rigid potential than
the vertebra body segment.

In biochemical study, the bone density of the intrapedicular

segment has a significantly stronger correlation with pedicle
screw pull-out strength than other segments™, and the finite
element method study also reported more von Mises stress at
the pedicle than vertebra body™"*".

Although the use of TP hook as a UIV implant was associ-
ated with a lower incidence of proximal junctional kyphosis
and better functional outcomes than using pedicle screws™'”
some researches raise questions about its clinical effective-
ness™'”. Although the importance of pedicle HU has been re-
ported in the spine surgical field, consideration of the UI'V
bone environment of patients with spinal deformity corrective
surgery was insufficient. In particular, since there were no ob-
servative studies of the effect of the TP hook in specific bone
characteristics and environments, it seems that the discussion
on the clinical effect of the TP hook is still ongoing. In our

study, the effect of TP hook was mainly observed in the mid-
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range pedicle HU group. First of all, in the group with a suffi-
ciently high UIV pedicle HU, group 1, the application of the
TP hook would not show a significant difference in screw
pullout because the pedicle screw alone could withstand suffi-
cient shear force. Furthermore, in the case of group 3, even
though the TP hook was applied, as shown in Fig. 2B, the
shear force itself was too small to protect the screw pullout
with the TP hook. On the other hand, in the mid-range pedi-
cle HU, the effect of dynamic stabilization of TP hook is con-
sidered to be statistically significant with proper distribution
of shear force from UIV pedicle screw. For direct understand-
ing, representative case for UIV screw pullout without TP
hook and non-pullout with TP hook in mid-range pedicle HU
group (156.03< UIV pedicle HU <243.43) was described in
Supplementary Fig. 1.

This study has some limitations. Since this a retrospective
study from a single institution, it is difficult to generalize the
findings. A prospective study is required to validate our re-
sults. The control group was established by considering vari-
ous factors affecting screw pullout, such as age, BMI, radio-
graphic parameters, and fusion level. We confirmed that there
was no significant difference of those factors between the two
groups. To overcome the results of BMD, HU of VB, HU of
pedicle, and pedicle diameter of the subject in the no-pullout
group showed more favorable results than the pullout group
in entire data, we further analyzed subgroup analysis using k-
means clustering algorithm, and compared the efficacy of TP
hook under no statistically significant different condition in
mid-range pedicle HU group (Supplementary Table 1). How-
ever, we did not consider the length or diameter of the screw
and mainly assessed UIV screw pullouts. Additional studies
are required to assess the factors related to lowest instrument-
ed vertebra (LIV) screw pullouts, features of screws, and the
role of hooks. In the case of lumbosacral fixation, it is also
necessary to consider a technique for measuring HU values at
the LIV. The sample sizes for hook assessment were insuffi-
cient because the hook system has been implemented only re-
cently for deformity correction surgery for patients with ASD.
Because we focused on the comparison of the screw-pull out
or not, we didn’t show the results about pre and postoperative
comparative analysis. Further studies are needed to validate
the ability of hooks to prevent screw pullout in patients with
ASD, and the use of pedicle HU as a predictor of proximal and

distal junctional failure.
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CONCLUSION

The UIV hook can be considered a preventive strategy
against screw pullout after corrective surgery for adult spinal
deformity with certain pedicle HU window. Furthermore,
The UIV hook application can contribute to good postopera-

tive clinical outcomes with specific categories of SF-36.
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