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Morphometry of lumbar spinous process via three
dimensional CT reconstruction in a Chinese population
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Abstract: To investigate the morphometric data of the lumbar spinous process dimensions in Chinese population.
Forty-six adult subjects (22 males, 24 females, age range 26-45 years) were studied using the method of the three
dimensional CT reconstruction in our hospital. The following parameters were measured: the distance between two
adjacent spinous processes (DB), distance across the two adjacent spinous processes (DA), thickness of central
of spinous processes (TC), thickness of the superior margin of spinous processes (TS), thickness of the inferior
margin of spinous processes (Tl), and height of spinous processes (H). Variance and correlation analysis were
conducted for these data. Data met with normal distribution and homogeneity of variance. Similar variation trend of
the parameters of lumbar spinous process for male and female was found. DB became shorter gradually from Ll_2
tol,,, and increased at the L-S,. DA became larger from T_-L, to L, , for male and L, , for female, and then became
shorter from L, , for male and L, , for female, respectively. The largest H of male and female were both noted at
L,. TS of the adjacent spinous processes were lower than that of Tl for male and female. Statistical significance
between male and female were found in H, TC, TS, Tl (L,, L, and L,), and DA (except for L, ). Compared to male, the
spinous processes of female were shorter, thinner and lower. These data may be useful for clinical application and
the design of interspinous implant in Chinese population.
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Introduction

Lumbar degenerative disc disease (LDDD) is an
age-related disease associated with deterio-
rated discs of lumbar spine, which is one of the
causes of low back pain [1]. The symptomatic
LDDD can cause magnificent disability and
depression to patients, which greatly affect the
living quality of them [2]. It is commonly
acknowledged that surgical treatment should
be considered for late phase of LDDD, or when
the traditional conservative treatment has no
obvious effect for LDDD. At present, there are
many different kinds of surgical procedures for
LDDD, and the number is increasing [3, 4].
Among the diverse surgical methods performed
for LDDD, the fusion surgery has been identified
as the “gold standard” for the LDDD surgical
treatment, which is the performance of jointing
two bones [4]. However, various studies have
shown that fusion surgery could promote the
presentation of adjacent segment degeneration

after surgery because of more motion of the
above or below fusion vertebrae and more
pressure on the adjacent discs from the fusion
site [5, 6]. The secondary adjacent segment
degeneration may cause pain and disability
again, increasing the need for second surgery
[7].

Interspinous process implant is a novel surgical
procedure known to be minimally invasive due
to the simple operating protocol and shortened
operating time [8]. Several biomechanical
studies have shown that interspinous stabilizing
implant could offer non-rigid fixation without
affecting adjacent segments significantly and
decrease the pressures of anulus and central
nucleus [9-11]. Although this surgery procedure
presented with many advantages, complications
may still occur after surgery, such as implant
device migration and spinous fracture [12, 13].
Too small size device may lead to the dislocation
of implant, while too large size device may result
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three dimensional reconstruction images

Figure 1. lllustration of measuring parameters. The upper picture: schematic diagram of DA, DB, TS, Tl, TC and H.
The lower picture: three dimensional reconstruction images of DA, DB, TS, Tl, TC and H. DB, distance between the
two adjacent spinous processes); DA, distance across the two adjacent spinous processes; TC, thickness of central
of spinous processes; TS, thickness of the superior margin of spinous processes; Tl, thickness of the inferior margin
of spinous processes; H, height of spinous processes.

in the breakage of implant. Thus, detailed infor-
mation of lumbar spinous process morphometry
is critically important for the appropriate
interspinous process implantation to prevent
the post-operative complications [13, 14].

Emerging evidence has indicated that the
morphometric dimension of spine is diverse in
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different populations, suggesting racial differ-
ences [15-18]. Our previous study has reported
the anatomical measurement data of lumbar
spinous process on cadavers in Chinese
population [19] (in press). In order to confirm
our previous data obtained from the cadavers,
the present study defined the morphometric
dimension of lumbar spinous process in Chin-
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Table 1. CT scanning measurement data of lumbar spinous process in

males and females

abnormalities, injur-
es or degeneration in
the lumbar spine we-

ltems Male (n = 24) Female (n = 22) va[I:ue vaIIDue re enrolled in this
DB study. All human stu-
L, 826+248(3.60-13.80) 7.22+2.04(3.80-10.70) 1.28 0.26 S;etsh e":iec:zpi?;pég:’ii‘;
L,,  7.99+286(2.90-13.80)  7.08 +2.19 (2.00-11.20) 1.46 0.23 Commi ]
ommittee and per
L,,  7.33+251(210-12.30) 6.96 £2.32(2.70-11.60) 0.28 0.60 formed in accordan-
L,.  5.66+2.08(1.009.80)  5.34+1.95(1.20-890) 0.29 0.59 ce with the ethical
LS, 5.68+2.22(1.20-10.30) 6.52%2.10(2.40-10.60) 1.75 0.19 standards. After the
DA informed consent
T,L, 54.91+7.49 (37.60-68.40) 48.73 % 6.47 (35.40-62.50) 8.94 <0.01 was obtained from
L,, 60.00 +7.80 (43.20-75.40) 52.10 + 5.80 (40.20-63.40) 12.59 <0.01 all patients, all pati-
,, 59.35+6.46 (46.50-72.30) 52.24 +5.41 (40.10-62.80) 16.37 <0.01 ents underwent the
L,, 52.22+6.13(39.60-64.60) 48.64 +5.74 (36.50-61.20) 4.18 <0.05 g;_ss‘l’iiznsi;r‘:g‘f;hae_

L,. 47.13+6.16 (36.40-63.20) 47.10 + 6.12(35.20-568.50) 0.20 0.65 : :
chine (Light Speed,
H GE Medical System,
L,  20.53%4.03(13.60-28.90) 17.49 + 2.78 (12.30-23.60) 8.87 <0.01 Waukesha WI, USA).
L, 2137 +3.66(14.10-28.50) 17.44 + 2.81(12.70-23.60) 16.71 <0.01 The scanning para-
L, 2156 +5.38(8.90-31.40) 17.67 +5.39(7.60-28.40) 6.88 0.01 meters were tube vol-
L, 21.40%6.116(9.20-33.50) 17.24 + 4.98 (8.50-27.60) 8.72 <0.01 tage 80 KV, tube
L,  19.53+4.71(10.10-31.50) 15.07 + 3.95(7.80-25.60) 12.51 <0.01 current 50 maA, slice
TS thickness 1.25 mm,
L,  540+222(190-11.60)  4.00+0.97 (1.80-6.00) 7.71 <oo01  Slice interval 1.25
L,  573+223(23011.90) 4.33+111(1.80-670) 722 0.01 mm and beam pitch
L 6.55 +2.19(2.90-12.60)  4.56 + 1.12(2.00-6.90)  15.01 <0.01 1.375:1. Images are
4 T ' ’ DO s ' ' reconstructed  with
L, 7.03 +2.13(3.10-12.40)  5.12+1.31(2.60-7.90) 13.45 <0.01 slice thickness of
S, 6.81+2.15(2.90-11.80)  5.00 + 1.33 (2.60-7.80) 11.86 <0.01 0.625 mm and slice
Tl interval of 0.3 mm.
L, 8.27 £2.60(3.20-13.40)  6.73 £2.05(3.40-11.20) 4.95 0.03 The  reconstructed
L, 9.24 +2.23(4.90-13.50)  8.43 +2.08 (4.20-12.80) 0.07 0.79 CT images were tran-
L, 9.67 +2.37 (5.00-14.90)  7.40 £ 1.09 (4.20-11.50) 12.30 <0.01 sferred to a remote
L,  911£235(4.70-1350) 7.13+1.83(4.00-10.80) 1021 <001  GE Advantage Work-
L, 878%281(3.70-14.10)  7.95+1.69 (4.80-11.50) 1.42 0.4 station, equipped wi-
th commercial navi-

TC 7.75+2.43(1.80-12.51)  6.35+2.47 (1.70-11.30) 3.75 <0.05

The data were represented as, X + SD, and the measurement unit was mm. DB, distance
between the two adjacent spinous processes); DA, distance across the two adjacent spinous
processes; TC, thickness of central of spinous processes; TS, thickness of the superior margin
of spinous processes; Tl, thickness of the inferior margin of spinous processes; H, height of

spinous processes.

ese population by the

from the cadavers. Besides,

radiographic mea-
surement on the living subjects. We compared
the radiographic data with our previous data
the gender
difference with the data was also analyzed.

4.5

gator software (ADW
4.4 version, GE) ca-
pable of performing
volume rendering
(VR) and multiple pl-
anar reformatting
(MPR) [20]. The fol-

lowing parameters were obtained on the CT
radiographs: 1) DB (distance between the two
adjacent spinous processes): L
and L,-S;; 2) DA (distance across the two
adjacent spinous processes): T L, L ,, L

L,,andL

L ,L L

1-2' T2-3' T3-4’ 745

1-27 T2-37

3) TC (thickness of central spinous

Materials and methods

Forty-six patients (24 males and 22 fema-
les; average age, 32 = 3.7 years) with no
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processes); 4) TS and Tl (thickness of the
superior and the inferior margin of spinous
processes); 5) H (the height of spinous
processes). The measuring methods are illu-
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strated in Figure 1. Three times were measured
for each distance with a single investigator.

All data were expressed as mean + standard
deviation and analyzed by SPSS 8.0 software
(SPSS Inc, Chicago, lllinois, USA). One-sample
Kolmogorov-Smirnov test and one-way ANOVA
analysis of variance were used to evaluate the
normal distribution and the homogeneity of
variance among data in each group. P < 0.05
was considered statistically significant.

Results
CT scanning measurement

One-sample Kolmogorov-Smirnov test confirm-
ed the approximately normal distribution amo-
ng data in each group, and one-way ANOVA
analysis of variance indicated the homogeneity
of variance among data in each group. There
were no statistical significance among TC and
Tl of male and TC, Tl and H of female by variance
analysis, respectively (Table 1).

The data of DB became shorter gradually from
L1.2 (male: 8.26 + 2.48 mm; female: 7.22 +
2.04mm)toL,  (male:5.66 +2.08 mm; female:
5.34 £ 2.95 mm) and then increased slightly
from L4_5 to L5Sl (male: 5.68 + 2.22 mm; female:
4.03 + 2.57 mm). For males, DA increased from
T,L, (5491 + 7.49 mm) to L , (60.00 + 7.80
mm) and then followed by decrease from L, to
L, (47.13 + 6.16 mm). For females, the data of
DA increased from T L, (48.73 £ 6.47 mm) to
L,, (52.24 + 5.41 mm) and then followed by
decrease from L, to L, (47.10 + 6.12 mm).
The largest H was noted at L, (male: 21.56 +
2.38 mm; female: 17.67 + 5.39 mm). TS of the
adjacent spinous process were lower than that
of Tl at all levels (Table 1). The parameters of
lumbar spinous process of male and female

indicated approximately similar variation trend.

Comparison of the lumbar spinous process
size between males and females

The comparison of each parameter between
male and female are shown in Figure 2. The DB
values of females were shorter than that in
males exceptatL,S, butthere was no significant
difference (P > 0.05). The values of males in
the terms of DA were larger than that in females
at all levels, and the significance difference
was seen (P < 0.05) except at level of L, (P>
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0.05). Analyzing H data, the values in males
were significantly higher than that in females at
all levels (P < 0.05). In addition, TS in males
were significantly thicker than that in females
at all levels (P < 0.05). The similar phenomenon
was also found in TI, but there was significant
difference only at L, L, L, (P < 0.05). For TC, the
value of males were larger compared with that
in females with significant difference (P < 0.05).
The above results suggested that the spinous
processes of female were shorter, thinner and
lower than that of male.

Comparison of the radiographic data and the
direct measurement data from our previous
study

The CT scanning measurement values and our
previous direct measurement values were
comparatively similar and the absolute majority
of the comparisons showed no significant
difference with a few exceptions. For DB, the
direct measurement value were significantly
less than CT value in males (P = 0.0175), while
the same phenomenon was found at L,,in
female (P = 0.0068). The data of H using the
direct method were larger than that using the
CT scanning measurement method in males at
levels of L, and L, (P < 0.05) (Table 2).

Discussion

Different kinds of interspinous implant devices
have been applied in the treatment of various
lumbar spine diseases favorably, such as
lumbar neurogenic intermittent claudication,
lumbar spinal stenosis and degenerative
lumbar spinal diseases [21-24]. At present, it is
acknowledged that the instability of the lumbar
spine, disappearance of the intervertebral spa-
ce and the decrease in the area of the spinal
canal will occur after traditional laminectomy
[25]. And it has been reported that the
interspinous implant presents with the increase
of the spinal canal area to avoid the secondary
symptom of compressing the nerves [21]. The
evaluation of the morphometric data of the
interspinous process is of great importance to
the preoperative preparation of interspinous
implantation. The results of our present study
showed the special characteristics of the
lumbar spinous process dimensions in the
subset of Chinese population using radiographic
methods. Furthermore, we also found the
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Figure 2. Comparison of each parameter of DA, DB, TS, Tl, TC and H between male and female. *P < 0.05 female vs. male DB, distance between the two adjacent
spinous processes); DA, distance across the two adjacent spinous processes; TC, thickness of central of spinous processes; TS, thickness of the superior margin of
spinous processes; Tl, thickness of the inferior margin of spinous processes; H, height of spinous processes.
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Table 2. Comparison of the radiographic data and our previous direct measurement data

Direct measurement 3D-CTR measurement P
M F M F M F M F
DB
L, 761+2.44 7.75 £ 1.65 8.26+2.48 722 +£2.04 -0.95 096 035 0.35
L, 6.80 + 2.57 758 +1.94 7.99 + 2.86 7.08 +2.19 -0.96 081 0.412 042
L., 6.00 + 2.27 5.17 +1.87 7.33+2.51 6.96 + 2.32 -2.02 -2.84 0.05 0.01
L,s 4,90 +2.17 5.68 + 2.62 5.66 + 2.08 5.34 +1.95 -1.29 050 0.20 0.62
LS, 4.03 £ 2.57 6.49 +2.78 5.68 +2.22 6.52 +2.10 -2.56 -0.04 0.02 0.97
DA
Tl 54.63 + 6.50 49.88 £ 7.33 5491 +749 48.73 +6.47 -0.15 0.56 0.89 0.58
L, 60.13+6.56 52.83+3.90 60.00 £ 7.80 52.10+5.80 0.07 049 095 0.62
L, 60.18+6.11 53.64+4.38 59.35+6.46 5224+541 048 0.95 0.64 0.35
L., 53.76 + 6.37 45.68 £ 5.31 52.22+6.13 48.64+5.74 0.89 -1.80 0.38 0.08
L5 45.07 £ 5.89 49.40 £ 7.05 4713 +6.16 4710 +6.12 -1.24 147 022 0.25
H
L, 21.63+3.28 17.08 + 2.83 20.53+4.03 17.49+2.78 110 -1.03 0.28 0.31
L, 24.09 + 3.95 17.59 + 3.01 21.37 +3.66 1744 +2.81 2.00 0417 0.05 0.86
L, 25.45 + 5.96 18.42+498 21.56+5.38 17.67 +5.39 246 048 0.02 0.63
L, 25.00 + 5.03 18.71 £ 4.50 21.40+6.12 1724 +4.98 3.35 1.04 0.02 0.31
L, 2141 +4.41 17.44 + 3.75 19.53 +4.71 15.07 + 3.95 149 2,00 0.14 0.05
TS
L, 597 +2.11 4.39+0.94 540 +2.22 4.00 + 0.97 095 137 035 0.18
L, 6.12 + 1.89 448 + 1.92 5.73+2.23 433+1.11 0.69 0.32 050 0.75
L, 7.83+2.39 6.76 + 1.64 6.55 +2.19 456 +1.12 2.00 5.28 0.06 <0.01
L, 6.97 + 2.25 6.03+1.24 7.03+2.13 512 +1.31 -0.11 239 092 0.02
S, 793 +2.86 6.82 + 0.96 6.81 +2.15 5.00 +1.33 157 524 0.12 <0.01
Tl
L, 8.42 +1.52 6.27 +2.01 8.27 £ 2.60 6.73 £ 2.05 0.26 -0.76 0.79 0.45
L, 9.57 + 2.63 8.26 + 2.06 9.24 + 2.23 8.43+2.08 1.48 -0.28 0.63 0.78
L, 9.64 + 2.56 7.72 £1.87 9.67 +2.37 7.40 + 1.09 -0.04 0.714 0.97 0.49
L, 8.72+2.17 7.25 £ 2.40 9.11+2.35 713 +1.83 -0.63 0.19 0.53 0.85
L, 8.61+3.11 7.40 + 1.04 8.78 +2.81 7.95 + 1.69 -0.21 -1.31 0.84 0.20
TC 7.94 +1.90 6.18 + 1.16 7.75 +2.43 6.35 + 2.47 0.38 -0.29 0.75 0.77

The data were represented as X + SD, and the measurement unit was mm. 3D-CTR, three dimensional CT reconstruction; DB,
distance between the two adjacent spinous processes); DA, distance across the two adjacent spinous processes; TC, thickness
of central of spinous processes; TS, thickness of the superior margin of spinous processes; Tl, thickness of the inferior margin

of spinous processes; H, height of spinous processes.

gender difference in the dimensions of lumbar-
spinous process region.

In our opinions, there are variations between
the data from the cadavers and the real normal
data due to the long immersion in the fixed
liquid of the specimen, which may affect the
physiological state of the bone tissues. Com-
pared with the direct measurement method on
cadavers, the three dimensional CT recon-
struction method can be more easy to obtain
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the data close to the physiological state and
large quantities of in vitro studies [26, 27].
Thus, our present study measured the data of
lumbar spinous process on the living subjects
using the three dimensional CT reconstruction
method (Figure 1). Compared with our previous
data on cadavers [19], it was found that the CT
scanning measurement values and our previous
direct measurement values were comparatively
similar and the absolute majority of the
comparisons between parameters at different
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levels showed no significant difference with a
few exceptions (Table 2). To our limited know-
ledge, one potential explanation for this may be
due to the difference of subjects and the
position during examination. Another reason
may be the different methods of measurement.
The reconstruction of CT images may be
affected by many factors, such as the degree of
the removed soft tissues. To sum up, our
radiographic data could confirm our previous
direct measurement data and provide the more
accurate anatomy basis for the clinical
application of inspinous implantation.

Ihm et al. has reported the spinous process
morphometry in Korean patients using lateral
radiographic images [16]. The changing trend
of interspinous distance from our data was
comparatively similar compared with the
Korean data by Ihm and his coworkers. Another
report also showed the similar trend [28]. In
contrast, Ihm et al. showed that the largest
height was at L, while our data indicated at L,
(Table 1). This phenomenon may suggest racial
difference of the lumbar spinous process. In
addition, we found the gender difference with
the spinous process size: the spinous processes
of female were shorter, thinner and lower than
that of male (Figure 2). Our finding suggested
thatthe gender difference should be considered
in the design of the inspinous implant device.

We would like to discuss some limitations in
this study that we are aware of. The number of
the subjects was small. The relationship of age
with the lumbar spinous process was not
considered in this study, because many studies
has demonstrated that the size of lumbar
spinous process changes with age [16, 28].
Therefore, a large quantity of Chinese popu-
lation should be studied in the future to provide
the more accurate measurement data of
lumbar spious process. Meanwhile, the factor
of age should be taken into consideration in the
future study.

In conclusion, our results defined the dimen-
sions of lumbar spinous process in the subset
of Chinese population using the three dimen-
sional CT reconstruction method on the living
subjects. These data may be useful to design
the interspinous implant devices fit for the
characteristics of the Chinese population and
provide the theoretical anatomy basis for the
clinical application of this surgical procedure in
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a Chinese population. Meanwhile, gender diffe-
rence should be considered in the design of the
inspinous implant device.
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