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Sagittal Section Hounsfield Units of the Upper
Instrumented Vertebrae as a Predictor of Proximal
Junctional Vertebral Fractures Following Adult
Spinal Deformity Surgery
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Study Design: A retrospective observational study.

Purpose: This study aimed to determine an accurate and convenient screening method for predicting proximal junctional fractures
(PJFr) following surgery for adult spinal deformity (ASD) using computed tomography (CT)-based measurement of Hounsfield units
(HUs).

Overview of Literature: CT-based measurement of HUs is an alternative tool for assessing bone mineral density. However, the opti-
mal method for predicting adjacent vertebral fractures following spinal fusion using HUs remains unclear.

Methods: This retrospective observational study included 42 patients who underwent reconstructive surgery for ASD. Elliptical re-
gions of interest (ROIs) on the axial section and rectangular ROIs on the sagittal section were placed at the upper instrumented verte-
brae (UIV), UIV+1, and UIV+2. In addition, the HU value of the L2 vertebra was used as the representative.

Results: PJFr occurred in 28.6% of patients within 2 years following surgery. The HU values obtained from the axial sections of L2, UIV,
UIV+1, and UIV+2 were not significantly associated with the incidence of PJFr within 2 years, except for the ROI set in the lower region
of the L2 vertebra. However, the HU value of the anterior third of the UIV in the sagittal section was significantly lower in the PJFr group
than in the nonPJFr group (87.0 vs. 160.3, p=0.001). A UIV HU value of <100 was associated with a higher incidence of PJFr than an HU
vaue of >100 (p<0.05).

Conclusions: Measurements of HU in the anterior one-third of the UIV in the sagittal section demonstrated predictive ability for PJFr
following ASD surgery. A UIV HU value of <100 emerged as a risk factor for PJFr.
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Introduction referred to as proximal junctional failure, may require ad-
ditional surgical intervention following corrective surgery
Symptomatic proximal junctional kyphosis (PJK), also for adult spinal deformity (ASD) [1]. Proximal junctional
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fractures (PJFr) are the most common cause of PJK and
have been observed in approximately 51% of patients with
PJK [2]. Risk factors for PJFr include high body mass in-
dex, advanced age, presence of osteoporosis, choice of the
upper instrumented vertebra (UIV), and spinopelvic pa-
rameters [3]. Among these risk factors, low bone mineral
density (BMD) and osteoporosis are considered signifi-
cant contributors.

Currently, dual-energy X-ray absorptiometry (DEXA)
is the gold standard for assessing BMD and diagnosing
osteoporosis [4]. However, DEXA may yield inaccurate
results in the diagnosis of osteoporosis. Factors such as
sclerotic lesions, scoliosis, spinal degeneration, vertebral
fractures, and abdominal aortic calcification can lead to
an overestimation of BMD when assessed using DEXA.

Recently, there have been suggestions to use computed
tomography (CT) and analyze Hounsfield unit (HU) mea-
surements as supplementary methods for assessing BMD.
Unlike DEXA, CT is not affected by measurement errors
caused by degenerative changes, and a positive correlation
between CT HU values and DEXA BMD was established
[4]. HU measurements are also correlated with future
osteoporotic fracture risk, cage subsidence following in-
terbody fusion, pedicle screw loosening, and symptomatic
pseudarthrosis following posterolateral fusion [5-10].
Considering these findings, spine experts recommended
that patients aged 265 years, as well as those aged <65
years with specific risk factors, should undergo a compre-
hensive bone health assessment that includes CT-based
measurement of the HU value [11,12].

The association of HU with the development of PJK or
mechanical complications has been suggested [13-17].
However, the optimal method for measuring HU values
to predict postoperative PJFr remains unknown. Thus,
whether the use of the HU value of the UIV or represen-
tative HU of vertebral bodies in the lumbar spine, such as
L2, like in DEXA, is more accurate remains unclear. This
study aimed to analyze HU values in different vertebrae
and regions of interest (ROI) within thoracolumbar CT
images to propose a more precise and convenient screen-
ing method for predicting PJFr following ASD surgery.

Materials and Methods

1. Patients

From January 2013 to August 2019, 120 patients aged >50

Medical records of 120 patients diagnosed with adult
spinal deformity and underwent spinal fusion from
January 2013 to August 2019 (n=120)

78 Excluded

- Prior surgeries (>2) (n=29)

»| - Follow-up period less than 2 years (n=4)
- No preoperative CT (n=1)

- Surgical levels did not match (n=45)

Y

42 Eligible patients in this study

Fig. 1. Study flow chart. CT, computed tomography.

years who underwent spinal fusion and were diagnosed
with ASD were reviewed. ASD was defined as the pres-
ence of at least one of the following: sagittal vertical axis
(SVA) >50 mm, coronal Cobb angle >20°, pelvic tilt (PT)
>25°, or thoracic kyphosis (TK) >60° [18,19]. Patients
who underwent instrumentation from the UIV between
T7 and L2, along with sacral fusion of the lowest instru-
mented vertebrae, with or without iliac fixation, were en-
rolled. Patients were required to have a minimum follow-
up of 2 years. Patients with a history of two lumbar spine
surgeries were excluded (Fig. 1).

This study was approved by the ethics committee of the
authors’ affiliated institutions and was conducted in com-
pliance with the principles of the Declaration of Helsinki.
Informed consent was waived because of the retrospective
design.

2. Radiographic assessment

Lateral spine radiographs were obtained at baseline (be-
fore surgery), 3 and 6 months after surgery, and annually
thereafter until the final follow-up. These radiographs
were used to evaluate morphometric vertebral fractures.
To determine the anterior, posterior, and mid-height, six
points were marked on each vertebra. PJFr were defined
as new fractures occurring at the UIV, UIV+1, or UIV+2
levels, with a reduction in vertebral height of >20% (mini-
mum of 4 mm) from baseline measurements [20]. Acute
vertebral fractures were determined using magnetic reso-
nance imaging, which showed characteristic patterns of
low-intensity signal changes on T1-weighted images and
high-intensity signal changes on T2-weighted images [21].

In this study, various radiographic parameters were
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assessed, including PT, lumbar lordosis (LL) from L1 to
S1, pelvic incidence (PI), TK between T4 and T12, SVA,
LL from L4 to S1, and global tilt [22]. The proximal junc-
tional angle (PJA), UIV slope (angle between the superior
endplate of the UIV and the horizontal plane), UIV in-
clination (angle between a line crossing the center of the
vertebral body from UIV-2 to UIV and the vertical line),
and UIV tilt (angle between a line parallel to the upper
endplate of the upper instrumented vertebra and the hori-
zontal line) were also measured [23-25]. Moreover, the
occupancy rate of the pedicle screw was evaluated as pre-
viously outlined [26]. The angle of the UIV pedicle screw
was determined by the orientation of the screw shaft rela-
tive to the superior vertebral endplate [27]. A screw was
considered caudally directed if it was angled >2° down-
ward from the superior endplate.

Furthermore, patients were categorized according to
Roussouly’s newly proposed classification for categorizing
the progression of asymptomatic spinal typologies under
degenerative conditions based on the SS and LL contours
[28]. Patients were also grouped according to the degree
of LL correction relative to PI by adjusting for age, which
uses the following formula [29,30]: (age-adjusted ideal
PI-LL)—(postoperative PI-LL). The three groups were as

follows: group U (undercorrection; <10°), group I (ideal
correction; —10° to 10°), and group O (overcorrection;
>10°). Following the calculation of the five components
of the Global Alignment and Proportion (GAP) score,
patients were further classified into proportionate, mod-
erately disproportionate, and severely disproportionate
groups [22].

3. Computed tomography assessment

CT was performed using different multidetector scan-
ners (Siemens SOMATOM Sensation Open [Siemens
Healthineers AG, Forchheim, Germany], Canon Medical
Aquilion PRIME [Canon Medical System Corp., Tochigi,
Japan], Philips Ingenuity Core 64 slice [Philips, Amster-
dam, The Netherlands]) with a consistent peak voltage of
120 kV and variable protocol-specific tube current (mA)
settings. Although the kV settings strongly affected the
HU values of the bone, the mA settings only influenced
the noise levels [31].

To assess osteoporosis and bone fragility using the HU
values of the vertebral body, different methods for ROI
selection were employed. ROIs are typically set on an axial
slice of the L2 vertebral body. Because HU values varied

Fig. 2. Demonstration of Hounsfield unit (HU) measurement. (A) HU value in axial plane. HU values of upper instrumented vertebra (UIV),
UIV+1, UIV+2, and L2 were measured in axial plane, by placing the elliptical regions of interests (ROls) at the upper 1/3 level, the middle,
and lower 1/3 levels. (B) The HU value of the anterior 1/3 of the vertebral body was measured in the midsagittal plane by manually placing
rectangle ROIs.
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Table 1. Patients’ characteristics

across different heights within the same vertebral body;, el-
liptical ROIs were placed on the upper, middle, and lower
thirds of the vertebral body to measure HU values. The
HU values were also measured at the UIV, UIV+1, and
UIV+2 levels. The average and lowest values were calcu-
lated, and their relationship with the incidence of PJFr
within 2 years was investigated.

The HU values of the anterior third of the vertebral
body (UIV, UIV+1, and UIV+2) were also measured in
the median and adjacent left and right planes on sagittal
CT images. A rectangular ROI was manually placed, and
the lowest HU value of the vertebral body was selected
while avoiding areas with cortical bone or severe sclerotic
abnormalities (Fig. 2) [10].

4. Statistical analyses

Statistical analyses were performed using JMP Pro ver.
15.0 (SAS Institute Inc., Cary, NC, USA) or R ver. 4.3.2
(The R Foundation for Statistical Computing, Vienna,
Austria) with a two-tailed paired t-test (two conditions).
Kaplan-Meier plots were used to illustrate fracture-free
survival for the participants according to their HU val-
ues. The log-rank test was used to evaluate the statistical
significance of the differences between the groups. The
time to PJFr was analyzed using multivariate Cox propor-
tional hazards modeling. Statistical significance was set at
p<0.05.

Results

The study included 42 patients with a mean age of
69.249.1 years. Overall, 83.3% of the patients were female,
and 23.8% had a history of lumbar surgery. The UIV levels
were distributed as follows: L2, T10, and T9. Iliac fixation
was performed in 76.2% of the patients. The characteris-
tics of the participants are provided in Table 1.

Twelve patients experienced PJFr within 2 years follow-
ing surgery. No significant differences in age, sex, history
of previous surgery, UIV level, history of lumbar surgery,
or body mass index were found between the PJFr and
nonPJFr groups. Pre- and postoperative radiographic pa-
rameters are shown in Table 2. No statistically significant
differences were found in the preoperative LL, PI, PI-
LL, PT, SVA, or global tilt between the PJFr and nonPJFr
groups. No significant differences in Roussouly classifica-
tion, GAP classification, PJA, UIV tilt angle, UIV slope,

Characteristic Al pli ol p-value
(n=42) (n=12) (n=30)
No. of female 35(833) 11(91.7) 24 (80.0) 0.65
Age (yr) 69.249.1 72868 67.749.6 0.06
Body mass index (kg/m?) 22.8+3.3 229 24.1 0.26
Prior surgery
0 32 9 23 1
1 10 3 7
ulv
T7 3 1 2 NA
T8 3 0 3
T9 7 3 4
T10 12 4 8
L1 1 0 1
L2 16 4 12
LIV
S 4 2 2 0.56
| 38 10 28
UIV construct
Pedicle screw 36 10 26 0.61
Pedicle screw and hook 5 2 3
Hook 1 0 1
Pedicle subtraction osteatomy ~ 10(23.8)  2(16.7) 8(26.7) 0.7
Operation time (min) 439123 434495 4414136 0.86

Estimated blood loss (mL) 7731932 860.9+713.2 734.4+1,025.1  0.67

Values are presented as number (%), mean+standard deviation, or number.
PJFr, proximal junctional fractures; UIV, upper instrumented vertebra; LIV, lower
instrumented vertebra.

or UIV inclination were noted between the two groups.
Similarly, no significant differences in postoperative LL,
PT, PI-LL, age-adjusted PI-LL, SVA, global tilt, or screw
occupancy ratio were found between the two groups. The
proportion of the caudally directed screws was signifi-
cantly higher in the PJFr group than in the nonPJFr group
(p<0.01).

The ROI was set on the axial plane of L2 as a represen-
tative. HU values in the axial plane differed depending
on the vertebral body level. In the lower slice, the L2 HU
values were significantly lower in the PJFr group than in
the nonPJFr group (p=0.01). However, no significant dif-
ferences were observed in the other ROIs (Table 3).

Furthermore, ROIs were set in the axial plane of the
UIV. Elliptical ROIs were placed on the upper, middle,
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Table 2. Comparison of preoperative and postoperative radiographic indices

PJFr No PJFr

Variable (=P (n=30)

p-value

Preoperative parameters

Pl (°) 453:81  50.3t+148  0.18
PT (%) 355:88 343:136 073
LL(°) -36:163  6.6£16.7 0.08
PHLL(°) 490+180 436+20.3 041
SVA (mm) 12824506 107.3z600 026
Global tilt (°) 263127 237492 0.53
PJA (°) 31£106  5.3+/5 0.51
Roussouly Classification 032

Type 1 0(0) 4(133)

Retroverted type 2+TK 0(0) 1(3.3)

Global kyphosis 12(100)  25(83.3)
UV tilt angle (°) 24450 0.445.0 0.24
UIV slope (°) 35+9.6 324101 093
UV inclination (°) 151442 13990 0.55
GAP score 9.7+3.7 7.8+25 0.06
GAP classification 0.56

Proportionated (1-2) 0(0) 1(3.3)

Moderately disproportionated (3—6) 4(33.3) 6(20.0)

Severely disproportionated (7—13) 8(66.7) 23(76.7)

Postoperative parameters

PT (°) 237483 23382 09
LL(°) 3254150 3484127 066
PILL(°) 125¢124  126+152 098
SVA (mm) 31.6+395 266:446 072
Global tilt (°) 263127 237+9.2 0.53
Age-adjusted P-LL 0.63

Under correct 4(33.3) 7(233)

Normal 3(25.0) 12 (40.0)

Overcorrect 5(41.7) 11(36.7)
Caudal directed screw (UIV) 8(66.7) 7(24.1) 0.01
UIV screw occupancy ratio (%) 60.8+£17.8  60.5+13.2 0.95
UIV screw occupancy ratio >80% 1(8.3) 2(6.7) 0.85

Values are presented as meansstandard deviation or number (%).

PJFr, proximal junctional fracture; P, pelvic incidence; PT, pelvic tilt; LL, lumbar
lordosis; SVA, sagittal vertical axis; PJA, proximal junctional angle; TK, thoracic
kyphosis; UIV, uppermost instrumented vertebra; GAP score, Global Alignment
and Proportion score.

and lower thirds of the vertebral body, and the minimum
and average HU values were calculated. No statistical
difference was found in the HU values between the PJFr
and nonPJFr groups (Table 3). In addition, the average or

Table 3. Comparison of Hounsfield unit values between patients with and
those without proximal junctional fracture

No PJFr

Variable PJFr (n=12) (n=30) p-value
1.2 (axial, upper) 104.8+47.5 132.0461.0 0.14
L2 (axial, middle) 1084412 127.0+65.4 0.28
L2 (axial, lower) 11344429 1684982 0.01
L2 (axial, average) 108.9+41.1 142.5+68.3 0.05
L2 (axial, min) 93.7+37.2 11324541 0.19
UIV (axial, upper) 11484499 14244432 0.1
UIV (axial, middle) 127.3+42.3  150.7+68.0 0.19
UIV (axial, lower) 12674509  162.4:929 0.12
UIV+1 (axial, upper) 115.4+40.1  125.3+436 0.49
UIV+1(axial, middle) 12754357 1416408 0.28
UIV+1 (axial, lower) 126.2+37.8  136.3£39.2 0.45
UIV+2 (axial, upper) 137.8+82.1 141.8+50.9 0.88
UIV+2 (axial, middle) 137.04320 1465454 0.46
UIV+2 (axial, lower) 1386478  137.2+439 0.93
UIV (axial, average) 1229+448  151.8+60.4 0.1
UIV+1 (axial, average) 123.0+33.6  134.4+37.7 0.35
UIV+2 (axial, average) 137.8452.1 14184435 0.82
UIV, UIV+1, UIV+2 (axial, upper, min) 1005414  117.7+379 023
UIV, UIV+1, UIV42 (axial, middle, min) ~ 112.9+359  129.5+37.8 0.2
UIV, UIV+1, UIV42 (axial, lower, min) 11084360  124.2+38.0 0.29
UIV, UIV+1, UIV4+2 (axial, all, min) 953369  113.24363 0.17
UIV (sagittal) 87.0:286  160.3+106.6 0.001
UIV, UIV+1, UIV42 (sagittal, average) ~ 78.8+30.7 110.9+39.3 0.004
UIV, UIV+1, UIV4+2 (sagittal, min) 92.7+27.3 139.3+49.6 0.0004

Values are presented as meansstandard deviation.
PJFr, proximal junctional fracture; UIV, upper instrumented vertebra; min, mini-
mum.

minimum HU values of the axial slice in the UIV did not
differ between the PJFr and nonPJFr groups. When the
ROI was set in the axial plane of UIV+1 or UIV+2, the
HU values in each section were not significantly different.
No differences were observed in the average or minimum
HU values in the axial section of UIV+1 and UIV+2.

The HU value of the anterior third of the UIV was sig-
nificantly lower in the PJFr group than in the nonPJFr
group (Table 3). The mean or minimum HU values of
the anterior one-third of the sagittal section of the ULV,
UIV+1, and UIV+2 groups were significantly lower in the
PJFr group than in the nonPJFr group.

Receiver operating characteristic curves were generated
for the HU values in the sagittal plane of each patient to
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predict vertebral fractures within 2 years following sur-
gery (Fig. 3A-C). The area under the curve was the largest
in the order of UIV, mean HU value, and minimum HU
value in the sagittal section. These findings suggest that
the HU value of the UIV in the sagittal plane provides a
more accurate prediction of future PJFr.

At a cutoff value of 100.1, the sensitivity and specificity
were 1.0 and 0.39, respectively. Therefore, a cutoff value
of 100 was chosen for this study. Regarding postoperative
spinal parameters, a significant difference was observed
in the direction of the UIV screw between the PJFr and
nonPJFr groups (Table 2). Multivariate logistic regres-
sion analysis showed that a UTV HU value of <100 was a
significant risk factor for the occurrence of PJFr within
2 years (Fig. 3D). Accordingly, patients with a UITV HU
value of <100 experienced a higher incidence of PJFr than
those with a value of >100 (p<0.05) (Fig. 3E), and the
same result was obtained when the direction of the UIV
screw was analyzed as a covariate (Fig. 3F).

Discussion

In this study, HU values on sagittal images were more

effective than those on vertebral axial images in predict-
ing PJFr. Moreover, PJFr could be predicted by assessing
the HU values of the UIV alone, without measuring UIV,
UIV+1, and UIV+2.

Assessing bone quality before surgical correction of ASD
is crucial because of the potential complications associated
with PJFr in both the patients and treatment team. DEXA
is considered the gold standard for BMD assessment. How-
ever, DEXA is not optimal for assessing BMD in the pres-
ence of degenerative changes or spinal deformities. In ad-
dition, DEXA is not specifically designed for ASD surgery
in terms of measurement sites and thresholds because the
thoracic spine is not a standard area for DEXA. However,
HU values can be used to estimate regional bone strength.
For example, the HU value of the screw trajectory can be
measured, and the cortical bone trajectory was found to
have significantly higher CT values than the conventional
pedicle screw trajectory [32]. Another study demonstrated
a correlation between HU values and pedicle screw inser-
tion torque [33]. Similarly, CT-based HU values can di-
rectly evaluate the BMD of the anterior portion of the UIV,
which is susceptible to collapse.

The present study set a rectangular ROI in the anterior
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one-third of the vertebral body, whereas previous stud-
ies often used an elliptical ROI encompassing the entire
vertebral body. Studies have reported spatial heterogene-
ity in the trabecular bone density within the vertebra [34-
36]. To minimize vertebral heterogeneity, recent reports
evaluating the risk of proximal junctional failure adopted
a method to calculate the average HU values by setting
the elliptical ROI immediately inferior to the superior
end plate, middle of the vertebral body, and superior to
the inferior endplate [13-15,17]. Wedge fractures can be
associated with low BMD in the superior anterior region
[37]. Therefore, evaluating the HU value in the anterior
one-third of the vertebral body is reasonable, although
few studies have demonstrated the usefulness of HU val-
ues measured in the anterior third of the sagittal plane
compared with those in the axial plane [10]. In this study,
we could not find a difference in the averaged HU value of
ULV, UIV+1, or UIV+2. Given the small number of cases
in this study, the average HU value of the axial section
may not have shown a statistically significant difference.
However, measuring the HU value at the sagittal section
may be more sensitive to predict PJFr.

In this study, DEXA-derived BMD data were unavail-
able. Previous studies have focused on the lumbar spine
and established thresholds, such as 135 HU for osteope-
nic spines, 120 HU for pedicle screw loosening, 110 HU
for osteoporotic spines, and 90 HU for vertebral fracture
[4,38,39]. Although these studies have evaluated HU val-
ues using axial slices, our cutoff level of 100 was similar to
that of previous reports.

Previously, we reported that each vertebral body had
different HU values in the sagittal plane depending on
the level [10]. Furthermore, lower HU thresholds are as-
sociated with higher specificity and lower sensitivity for
detecting osteoporosis and predicting fractures, whereas
higher thresholds are associated with lower specificity and
higher sensitivity. In addition, the optimal thresholds for
estimating the PJFr risk using the HU values of represen-
tative vertebral bodies may differ from those for predict-
ing the PJFr risk in individual vertebrae, considering the
spinal alignment, fixed levels, and fragile sites within the
vertebral bodies. Optimal thresholds for each application
must be proposed.

This study has some limitations. First, BMD was not
measured using DEXA, as previously mentioned, and the
corresponding BMD values for specific HU values remain
unknown. Second, the relationship between the effects of

osteoporotic drugs and HU values was not investigated.
Further studies are needed to assess the preventive effects of
antiosteoporotic drugs, braces, and changes in surgical strat-
egies, which may influence HU values. Third, the number
of patients was limited. PJFr has multifactorial causes and is
affected by various factors, including preoperative and post-
operative spinal parameters and their changes, UIV fixation
method, osteoporosis, and other factors. In this study, no
difference in spinal parameters was noted between the PJFr
and nonPJFr groups, and the contribution of each risk factor
to PJFr could not be compared.

Conclusions

CT-based measurement of the HU value in the anterior
one-third of the vertebral body was predictive of the PJFr
risk following ASD surgery. The HU values obtained from
the sagittal images more effectively predict PJFr than the
values obtained from the axial images. Specifically, a UIV
HU value of <100 was identified as a significant risk factor
for PJFr.
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