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Objective: Achieving successful fusion during spine surgery is dependent on rigid pedicle 
screw fixation. To assess fixation strength, the insertional torque can be measured during 
intraoperative screw fixation. This study aimed to explore the technical feasibility of mea-
suring the insertional torque of a pedicle screw, while investigating its relationship with bone 
density.
Methods: Thoraco-lumbar screw fixation fusion surgery was performed on 53 patients (mean 
age, 65.5 ± 9.8 years). The insertional torque of 284 screws was measured at the point pass-
ing through the pedicle using a calibrated torque wrench, with a specially designed connec-
tor to the spine screw system. The Hounsfield units (HU) value was determined by assess-
ing the trabecular portion of the index vertebral body on sagittal computed tomography 
images. We analyzed the relationship between the measured insertional torque and the fol-
lowing bone strength parameters: bone mineral density (BMD) and HU of the vertebral 
body.
Results: The mean insertion torque was 105.55 ± 58.08 N∙cm and T-score value (BMD) was 
-1.14 ± 1.49. Mean HU value was 136.37 ± 57.59. Screw insertion torque was positively 
correlated with BMD and HU in whole patients. However, in cases of osteopenia, all vari-
ables showed very weak correlations with insertional torque. In patients with osteoporosis, 
there was no statistically significant correlation between BMD and torque strength; HU showed 
a significant correlation.
Conclusion: The insertional torque of screw fixation significantly correlated with bone den-
sity (BMD and HU). HU measurements showed greater clinical significance than did BMD 
values in patients with osteoporosis.
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INTRODUCTION

Spinal fusion surgery is a common technique for the treat-
ment of various spinal disorders. Although the procedure is as-
sociated with strong and reliable anchoring of pedicle screws, 
screw loosening can result in fusion failure, loss of correction, 
and need for revision surgery. These complications are particu-

larly problematic in patients with poor bone quality.1,2

Biomechanical studies have shown that the pullout strength 
of a pedicle screw is affected by various factors, including bone 
mineral density (BMD), osteoporosis, cortical fixation, pedicle 
morphology, screw orientation, and screw-thread area.3-8 Poor 
fixation can lead to micromovements, fibrous encapsulation, and 
screw loosening during fusion.9,10 Screw fixation strength can 
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be assessed objectively or subjectively during intraoperative 
screw fixation.

However, to date, these crucial factors have mainly been eval-
uated based on the operator’s subjective perception and feeling 
of bone resistance during screw insertion. However, this approach 
relies on subjective tactile sensations and depends heavily on 
the skill and experience of the surgeon. An objective and a bet-
ter predictive method for assessing fixation strength is, there-
fore, required to achieve successful fusion and favorable clinical 
outcomes.

Previous biomechanical studies have reported a significant 
correlation between pedicle screw fixation and BMD as well as 
a significant association between the torque needed for screw 
insertion and its pullout strength.11-14 However, a consistent re-
lationship between these 2 factors has not been established.15 This 
discrepancy may be attributed to variations in the mechanical 
response of the trabecular bone to forces exerted during screw 
insertion.

Recently, a new and reliable alternative tool for assessing bone 
density was developed using Hounsfield units (HU) obtained 
using computed tomography (CT). An existing study showed 
that HU values were positively correlated with vertebral com-
pressive strength and BMD, making them valuable indicators 
of bone density.16 Subsequent studies have shown that lower HU 
values of the vertebral body are associated with nonunion, cage 
subsidence, and adjacent segment fractures after spinal fusion.17-19 

This present study aimed to explore the technical feasibility of 
measuring the insertional torque of screws and to establish a 
relationship between insertional torque and bone density (BMD 
and HU). Additionally, a subgroup analysis of the patients based 
on their BMD T scores was conducted to determine whether the 
correlation exhibited any changes.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 
of St. Vincent’s Hospital, The Catholic University of Korea (2022-
3531-0001). All methods were performed in accordance with 
the relevant guidelines and regulations by including a statement 
in this section. This study included 53 consecutive patients (20 
men and 33 women) who underwent thoracolumbar spine sur-
gery, including pedicle screw fixation, between April 2022 and 
January 2023. The patients’ ages ranged from 37 to 88 years, with 
a mean age of 65.5± 9.8 years.

Patients who underwent dual-energy x-ray absorptiometry 
(DEXA) scans of the femoral neck and lumbar vertebrae as well 

as CT scans of the affected vertebrae within 2 months before 
surgery were included. In addition, postoperative CT was per-
formed immediately after surgery. Patients with a history of spi-
nal instrumentation or vertebroplasty, tumors, infections, or in-
complete data were excluded from the study.

1. Measurement of Insertional Torque
In each case, pedicle screw insertion was performed using a 

conventional posterior approach and freehand technique. Screws 
were inserted before decompression of the laminae, foramina, 
and facet joints. The screw insertion point of lumbar spine was 
the junction of mid-transverse process line and lateral border 
of superior articular process. For the screw insertion point in 
the thoracic spine, we adopted the method described by Kim et 
al.20

The insertion process involved creating an entry point with a 
4-mm burr, followed by the creation of a pilot hole using a gear 
shift. Subsequently, tapping was performed using a tool 1-mm 
thinner than the screw to expand the pilot hole. We utilized 2 
types of pedicle screws: Xia (Stryker Spine, Allendale, NJ, USA) 
and EDEN Spinal Fixation System (JMT Co., Yangju, Korea). 
The 2 types of screws do not exhibit significant differences in 
material, thread space, or thread arrangement. The screw driver 
handle was manual ratchet-type. Screws with a diameter of 6.5 
mm and length of 40–50 mm were used throughout the study. 
Insertional torque was measured using a calibrated torque wrench 
equipped with a specially designed connector for the spine screw 
system (Fig. 1). The maximal torque generated during insertion 
was measured when the screw shank was at a point that passed 
through the pedicle, which was approximately in the middle of 
the screw length. A total of 284 screws were analyzed. Intraop-
erative radiographs were obtained after inserting the screws to 
verify their locations and directions. Two board-certified neu-
rosurgeons (HJL and ISK) performed all operations.

2. Measurement of Hounsfield Units
All radiological measurements were performed using a pic-

ture archiving and communication system (M-view 5.4; Marosis 
Technologies Inc., Seoul, Korea). CT scans were performed us-
ing a 256-slice scanner with a 2-mm axial image thickness (Sie-
mens Medical Solutions, Erlangen, Germany), and sagittal re-
construction images were obtained using 1.25-mm-thick slices. 
In the present study, midsagittal reconstruction images of the 
vertebral bodies were selected to measure the HU. The HU val-
ues for each vertebral body, inserted per screw, were determined 
by measuring the trabecular portion of the vertebral body. HU 
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measurements for each vertebra were obtained using a circle-
type region of interest (≥ 50 mm2), excluding the cortical bone 
margin (Fig. 2). The measurements were performed by 2 board-
certified neurosurgeons (HJL and ISK). And they cross-validat-
ed the results.

3. Correlation of Insertional Torque With BMD and HU
The insertional torque of each screw was analyzed using 2 

parameters: T value (BMD) and HU of the vertebral body. As 
part of the subgroup analysis, the patients were categorized into 
the following groups based on the mean BMD of the lumbar 
vertebrae: normal (nonosteoporotic) (T value> -1.0), osteope-
nia (-2.5< T value< -1.0), and osteoporosis (T value< -2.5). Af-
terward, the insertional torque of each screw was analyzed in 
these 3 groups.

4. Statistical Analysis
All results were presented as means± standard deviation. Sta-

tistical analyses were conducted using IBM SPSS Statistics ver. 
25.0 (IBM Co., Armonk, NY, USA). Continuous variables were 
expressed as means ± standard deviation. Pearson correlation 
coefficient was used to assess the correlation between different 

Fig. 1. The insertional torque was measured using a calibrated 
torque wrench with a specially designed connector for spine 
screw systems.

Fig. 2. The Hounsfield unit measurement for each vertebra (A) and corresponding T score in dual x-ray absorptiometry (B) for 
1 level L4–5 posterior fusion surgery. BMD, bone mineral density; AP, anterio-posterior; YA, young-adult; AM, age-matched; 
SD, standard deviation.

A B
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Table 1. Demographic and various measured values

Variable Value

Age (yr) 65.5 ± 9.8

Sex

   Male 20 (38)

   Female 33 (62)

Sample size (no. of patients:screws)

   Total 53:284

   Normal 21:112

   Osteopenia 21:117

   Osteoporosis 11:55

Mean insertional torque (N∙cm)

   Total 105.55 ± 58.08

   Normal 137.86 ± 65.78

   Osteopenia 88.76 ± 43.45

   Osteoporosis 75.45 ± 32.09

Mean BMD (T value)

   Total -1.14 ± 1.49

   Normal 0.29 ± 1.25

   Osteopenia -1.69 ± 0.37

   Osteoporosis -2.85 ± 0.46

Mean HU

   Total 136.37 ± 57.59

   Normal 152.79 ± 53.08

   Osteopenia 142.51 ± 59.30

   Osteoporosis 89.85 ± 34.52

Values are presented as mean ± standard deviation or number (%).
BMD, bone mineral density; HU, Hounsfield unit. 
Patients were classified into the following groups based on the mean 
BMD of the lumbar vertebrae: normal (nonosteoporotic) (T value >  
-1.0), osteopenia (-2.5 < T value < -1.0), and osteoporosis (T value <  
-2.5).

Table 2. Correlation analysis of insertional torque with BMD 
and HU

Group BMD HU

Total r = 0.575, p < 0.001* r = 0.364, p < 0.001* 

Normal r = 0.520, p < 0.001* r = 0.355, p < 0.001* 

Osteopenia r = 0.160, p = 0.860 r = 0.174, p = 0.061

Osteoporosis r = -0.086, p = 0.531 r = 0.514, p < 0.001* 

BMD, bone mineral density; HU, Hounsfield unit.
The Pearson correlation coefficient (r) was used to analyze the cor-
relation between each group.
*p < 0.05.

groups. The threshold for determining significant differences 
was set at p< 0.05.

RESULTS

The mean torque generated during pedicle screw insertion 
was 105.55± 58.08 N∙cm, with 104.75± 56.69 N∙cm on the right 
side and 106.34± 59.63 N∙cm on the left. The correlation coef-
ficient (r) between the left and right sides was 0.816 (p< 0.001), 
indicating a strong positive correlation between torque values 
on both sides. The mean T value was -1.14± 1.49 and mean HU 
value was 136.37±57.59. Overall, there were positive correlations 
between torque and BMD (r = 0.575, p < 0.001) and between 

torque and HU (r= 0.364, p< 0.001) (Table 1). These findings 
showed that, in general, screw insertional torque had a stronger 
positive correlation with BMD than it did with HU values.

1.  Subgroup Analysis: Comparison of the Correlations 
Among the Normal, Osteopenia, and Osteoporosis 
Groups

Patients and screws were categorized based on BMD as fol-
lows: normal (21 patients, 112 screws), osteoporosis (21 patients, 
117 screws), and osteopenia (11 patients, 55 screws). The mean 
insertional torque for each grade of spinal osteoporosis was 137.86 
± 65.78 N∙cm, 88.76± 43.45 N∙cm, and 75.45± 32.09 N∙cm for 
the normal, osteopenia, and osteoporosis groups, respectively. 
The mean BMD for each grade of spinal osteoporosis was 0.29± 
1.25 for the normal group, -1.69 ± 0.37 for osteopenia group, 
and -2.85± 0.46 for osteoporosis group. The mean HU for each 
grade of spinal osteoporosis were 152.79± 53.08 for the normal 
group, 142.51 ± 59.30 for osteopenia group, and 89.85 ± 34.52 
for osteoporosis group. In patients with normal bone density, 
BMD (r= 0.520, p< 0.001) and HU (r= 0.355, p< 0.001) were 
positively correlated with insertional torque, with BMD display-
ing a stronger correlation. In the osteopenia group, all variables 
showed very low correlations with insertional torque, including 
BMD (r= 0.160, p= 0.860) and HU (r= 0.174, p= 0.061). Nei-
ther BMD nor HU showed a significant correlation with inser-
tional torque.

In the osteoporosis group, BMD (r= -0.086, p= 0.531) showed 
no significant correlation with insertional torque. However, HU 
(r = 0.514, p < 0.001) demonstrated a reliable and significant 
positive correlation with insertional torque (Table 2).

DISCUSSION

Several studies have investigated the correlation between bone 
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density as assessed by BMD and the fixation strength of pedicle 
screws. However, the findings of these studies have been incon-
sistent; and to date, no study has included the HU value. In the 
present study, we aimed to explore the relationship between in-
sertion torque and radiographic values (BMD and HU) that re-
flect the representative bone density.

The pullout strength is typically influenced by 3 important 
factors. The first is the intrinsic properties of the surgical instru-
mental components such as screw length, screw diameter, type 
of alloy, and thread design. Second, a patient’s medical condi-
tion, including factors such as bone quality, bone density, and 
underlying medical diseases, is an important determinant of 
fixation strength. The last factor is the surgeon’s skill and surgi-
cal techniques, including medial convergence of the screw, fixa-
tion level, tapping procedure, bone dust filling into the pedicle, 
and use of bicortical fixation.21,22

The insertional torque of the screw, primarily generated by 
the shearing force and friction at the bone-screw interface, rep-
resents the angular moment of the force needed to advance the 
screw into the bone. Several factors can affect the insertional 
torque of a pedicle screw, including variations in the insertion 
point, type and size of the instrument used screw track enlarge-
ment, and design of the screwdriver handle used for measure-
ment.23 To minimize potential measurement errors in the pres-
ent study, the screw track was enlarged by 2 surgeons using the 
same instrument and screwdriver handle. This standardized 
approach ensured consistency and accuracy in the assessment 
of insertional torque.

Perren24 discovered a correlation between the maximum axi-
al compression force and insertional torque of cortical screws 
in bovine cancellous bone. Additionally, cadaveric studies have 
reported a significant correlation between the insertional torque 
of pedicle screws and BMD and pullout strength.25-27 Moreover, 
Zdeblick et al.13 stated that screws with insertional torque < 4-
inch pounds resulted in early pullout failure based on their cy-
clic cephalocaudal toggling test in vitro. Furthermore, Daftari et 
al.28 demonstrated a strong correlation between the insertional 
torque and pullout strength of pedicle screws in a study using 
synthetic bone material and calf vertebrae. They concluded that 
if the insertional torque was measured intraoperatively, an an-
ticipated load failure for the screw could be predicted using a 
mathematical relationship; however, they did not propose a spe-
cific threshold.29

However, torque-measuring devices are not routinely used 
during spine surgeries. Instead, the surgeon relies on subjective 
tactile sensations to judge the insertional torque, which may lead 

to inaccuracies.14 This subjective perception-based determina-
tion of insertional torque is prone to variability and may not pro-
vide precise information.

The measurement of insertional torque is beneficial not only 
for evaluating pullout strength, but also for assessing bone den-
sity (quality) and ensuring rigid fixation in real time during sur-
gery. By incorporating torque measurements, surgeons can ob-
tain valuable and objective data to guide informed decisions and 
enhance overall surgical outcomes.

In the present study, we successfully implemented a suitable 
technical method for determining the objective strength of the 
screw insertional torque in general spine fusion surgery. We ob-
served a positive correlation between patients’ BMD, HU, and 
insertional torque values. Although most of the insertional torque 
values for different fusion levels in the same patient remained 
similar, there were some cases with significant deviations (range, 
80–200 N∙cm). The variability in insertional torque values of a 
patient proved to be valuable in guiding decisions regarding ad-
ditional surgical techniques. For example, based on torque mea-
surement, we determined the need for techniques such as auto-
bone packing in the pedicle hole, omitting tapping, and employ-
ing bicortical first sacrum (S1) screw fixation or extension of 
the fusion. Moreover, the insertional torque data provided im-
portant insights for postoperative decisions, such as the medi-
cal management of osteoporosis, determination of the immobi-
lization period, and selection of the appropriate brace. Further-
more, torque measurement offers a means to prevent screw mal-
position, particularly lateral breach, and enables the verification 
of bicortical purchases during surgery. Overall, objective strength 
assessment through torque measurement has proven to be a valu-
able tool for enhancing surgical decision-making, optimizing 
postoperative care, and ensuring good spinal fusion outcomes 
(Fig. 3).

Quantitative CT (QCT) and DEXA are currently the repre-
sentative methods for evaluating osteoporosis. DEXA is the most 
commonly used test method; however, its results may be less re-
liable than those of QCT owing to superimposition effects (bone 
spur, aortic calcification, and sclerotic changes).30-35 However, 
the QCT is not commonly used because of its high cost and high-
dose radiation exposure. Consequently, a specific testing meth-
od is determined based on the preferences of each medical in-
stitution, considering their respective advantages and disadvan-
tages.36

The use of HU in routine preoperative CT reduces the super-
imposition effects and indirectly measures osteoporosis, thus 
complementing the information obtained from DEXA.37 Some 
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studies have demonstrated a close relationship between thora-
columbar CT and DEXA results.16,38 Therefore, HU measure-
ment from CT scans was selected as the method for assessing 
bone quality in this study.

In the present study, BMD and HU were positively correlated 
with insertional torque. However, as bone quality decreased, the 
correlation of BMD and HU with insertional torque rapidly de-
clined, and only HU demonstrated a meaningful correlation with 
insertional torque in patients of osteoporosis. These findings 
are consistent with those of previous studies, which also report-
ed a poor correlation between insertional torque and BMD in 
patients with osteoporosis.13,23 This suggests that, as bone quali-
ty deteriorates, HU becomes a more reliable indicator of inser-
tional torque.

The reasons for the poor correlation of insertional torque with 
BMD in patients with osteoporosis may be multifaceted. One 
potential reason for this could be the limitations of the torque-
measuring instruments used in the present study. Below a cer-
tain bone quality threshold, the precision of the torque-measur-

ing instrument may decrease, leading to less accurate measure-
ments of screw fixation strength. Another reason was that the 
meanings and expressions of the numbers in the T score (stan-
dard deviation) and HU (unrefined) were different. In healthy 
patients, the absolute HU values tended to change significantly.

Additionally, BMD was measured throughout the vertebral 
body, including both the cortical and cancellous bone portions. 
However, the bone-screw interface at the trabecular bone inside 
the pedicle is the critical region affecting torque, and this spe-
cific area may not be adequately reflected in the overall BMD 
measurements.

Meanwhile, HU may have demonstrated a significant corre-
lation with torque in osteoporosis owing to certain advantages 
it offers over BMD. HU measurements do not include the cor-
tical bone portion and can reduce the superimposition effect, 
leading to a more precise reflection of the properties of the tra-
becular bone, which directly influence the torque. This finer res-
olution at the trabecular level may explain the stronger correla-
tion observed between HU and torque in patients with osteo-

Fig. 3. Preoperative axial (A) and sagittal (B) magnetic resonance images of a patient with severe spinal stenosis at the L4–5 lev-
el. After undergoing lumbar fusion surgery, postoperative anterior-posterior (C) and lateral (D) simple spine x-ray images show 
the surgical outcome and placement of the screws. The red circle in image D highlights the left L5 screw, where the initial inser-
tional torque measurement was 80 N·cm, which was significantly lower than other measurements. Intraoperative C-arm imag-
ing revealed that the screw had a lateral breach. After proper reinsertion, the insertional torque was 200 N·cm, indicating a suc-
cessful correction of the screw placement.

A

B C D
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porosis.
Considering these factors, the use of HU measurements may 

prove advantageous for assessing bone quality and predicting 
screw fixation strength in patients with osteoporosis. However, 
further research and validation studies are necessary to confirm 
these findings and explain the intricate relationship between bone 
quality measurements and screw fixation outcomes.

This study had several limitations that should be considered. 
First, although the study had a relatively large sample size com-
pared to other in vivo studies23,39,40 the lack of a prospective as-
sessment of the sample size might have implications for the sta-
tistical power and generalizability of the results. Future studies 
with prospectively determined sample sizes could strengthen 
the findings of the present study. Second, the individual pedicle 
size was not considered a variable in this study. Generally, pedi-
cle size plays a role in determining insertional torque because 
smaller pedicles tend to yield higher torque values. While a con-
stant screw diameter was used (6.5 mm) and insertion methods 
were unified to control other variables. Third, BMD was assessed 
using the average value (T score) of the lumbar vertebrae, while 
HU were measured in each individual vertebra where screw in-
sertions took place. Because we aimed to exclude the possibility 
that individual factors such as bony islands, hemangiomas, aor-
tic calcification, and others could function as variables. Fourth, 
the analysis did not include mid-and long-term clinical outcomes. 
Further studies examining the relationships among insertional 
torque, bone quality, and long-term clinical outcomes is war-
ranted.

CONCLUSION

The present study is the first to investigate the correlation be-
tween HU and BMD and torque measurements in thoracolum-
bar fusion surgery. The measurement of insertional torque, which 
allows for the direct evaluation of rigid fixation during surgery, 
has great clinical significance. In particular, HU can be more ad-
vantageous than BMD for assessing bone quality and predict-
ing screw fixation strength in patients with poor bone quality. 
Understanding these correlations can aid informed decision-mak-
ing regarding perioperative management.
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