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Objective : Expansion in the spinal canal area (SCA) after laminoplasty is one of the critical factors to relieve the preoperative symptoms. 
No previous study has compared the increases in SCA achieved by open-door laminoplasty (ODL) and double door laminoplasty (DDL) 
according to the preoperative lamina angle (LA). This study was designed to clarify the relationship between the laminoplasty opening 
angle (OA)/laminoplasty opening size (OS) and increases in the SCA following ODL and DDL according to the preoperative LA using a 
simulation model.
Methods : The simulation model was constructed and validated by comparing the clinical data of 64 patients who had undergone 
C3–C6 laminoplasty (43 patients with ODL and 21 patients with DDL). SCA expansion was predicted with a verified simulation model at 
various preoperative LAs (from 28° to 32°) with different OAs (40° to 44°) and OSs (10 mm to 14 mm) recruited from patient data.
Results : The constructed simulation model was validated by comparing clinical data and revealed a very high degree of correlation 
(r=0.935, p<0.001). In this validated model, at the same OA, the increase in SCA was higher following ODL than following DDL in the 
usual LA (p<0.05). At the same OS, the increase in SCA was slightly larger following DDL than following ODL, but the difference was not 
significant (p>0.05). The difference was significant when the preoperative LA was narrower or much wider.
Conclusion : Based on clinical data, a simulation model was constructed and verified that could predict increases in the SCA following 
ODL and DDL. When applying this model, prediction in SCA increase using the OS parameter was more practical and compatible with 
clinical data. Both laminoplasties achieved enough SCA, and there was no significant difference between them in the usual range.
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INTRODUCTION

Surgical treatment of cervical spondylotic myelopathy 

(CSM) and ossified posterior longitudinal ligament (OPLL) is 

performed by either direct removal of the cord-compressing 

lesion through the anterior approach or indirect decompres-
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sion through the posterior approach. Cervical laminoplasty is 

considered a standard technique for posterior decompression, 

and several types of laminoplasty have been described in re-

cent decades. Current laminoplasty techniques tend to fall 

into one of two categories : open-door laminoplasty (ODL) or 

double-door laminoplasty (DDL). Each procedure preserves 

the lamina but expands the size of the spinal canal by placing 

the partially freed lamina in a more posterior position to pro-

duce a wider spinal canal as this allows a greater chance for 

the spinal cord to recover its functions. When performing 

both techniques, the laminoplasty opening size (OS) has the 

greatest impact on the amount of spinal canal area (SCA) after 

surgery. Several studies have reported that there is a relation-

ship between OS and SCA6,20). However, a comparison of the 

increase in the SCA following ODL and DDL according to the 

preoperative lamina angle (LA) has rarely been performed. 

And the range of preoperative LA was limited.

The purpose of this study was to clarify the relationship be-

tween the laminoplasty opening angle (OA)/laminoplasty OS 

and increases in the SCA following ODL and DDL according 

to the preoperative LA using a simulation model.

MATERIALS AND METHODS

The present study was approved by the Institutional Review 

Board of Seoul National University Bundang Hospital (B-

1705/395-107).

Patient data
Between January 2012 and December 2016, we treated 157 

patients with CSM or OPLL by cervical laminoplasty. Four 

neurosurgeons performed laminoplasties; three performed 

ODL, and one performed DDL. Seventy-five patients with 

C3–C6 laminoplasty were selected. Of these patients, 11 with 

cervical deformities, trauma, infection, and previous cervical 

spine surgery were excluded. Ultimately, 64 patients were in-

cluded in this study, including 43 in the ODL group and 21 in 

the DDL group. Parameters related to pre- and postoperative 

computed tomography (CT) findings, including preoperative 

LA, OA, OS, and increases in SCA, were measured for com-

parison in the simulation model.

Simulation model construction and validation
CT scanning was performed in all patients with a slice 

thickness of 3 mm. Axial CT cuts obtained at each pedicle 

level from C3 to C6 were used for measurements. The dis-

tances between both lamina-facet junctions (from points A to 

B and from points E to F), the LA (α), the OA (β), the OS and 

the SCA were measured with an accuracy within 0.01° and 

0.01 mm in the ODL and DDL groups (Fig. 1). All parameters 

were measured using picture archiving and communication 

system software (M-view, version 5483; INFINITT Health-

care, Seoul, Korea). Two clinicians independently evaluated all 

Fig. 1. Radiologic parameters used in the present study. The shaded area shows the increase in the spinal canal area achieved after laminoplasty. A : 
Open-door laminoplasty. B : Double-door laminoplasty. α indicates the preoperative lamina angle and β indicates the laminoplasty opening angle. OS : 
opening size.
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the images twice, and the mean value was used for subsequent 

analysis.

GeoGebra software package version 5.0 (International Geo-

Gebra Institute, Linz, Austria) for Windows was used to sim-

ulate ODL and DDL (Fig. 2). GeoGebra is a mathematics soft-

ware program for education that can be used for geometry, 

algebra, spreadsheets, graphing, statistics and calculus5). The 

program has been used for research in various areas, such as 

orthopedic trauma, chemistry, veterinary medicine, and envi-

ronmental management1,3,12,16,18). In this simulated study, we 

have drawn an isosceles triangle into the cross-sectional image 

of the spinal canal. Bilateral gutters were created at the transi-

tional portion of the lamina and the lateral mass, and the po-

sitions of the gutters were not changed in either the open or 

double-door procedure. In ODL, points A and B represent the 

most medial points of the bilateral laminar gutters (Fig. 2). 

Point C represents the inner edge of the lamina. Point B and C 

shift back and form points B' and C'. α indicates the preopera-

tive LA, and β indicates the laminoplasty OA. In DDL, points 

E and F represent the most medial points of the bilateral lami-

nar gutters. Point G represents the inner edge of the lamina 

and shift back and forms point G' and G''. For equivalent OA 

simulation, B' was defined Rot (B, β°, A). It meant rotating 

point B by β degree relative to point A (Fig. 2). Like this, all 

points have been defined and formulated. The lamina was 

then rotated around the most medial point of the gutter until 

a target OA or OS was achieved. Canal expansion with a dif-

ferent colored area could be created after laminoplasty. In this 

way, the enlarged spinal canal could be calculated.

A validation study was performed to assess the accuracy of 

the simulation model in reproducing ODL and DDL. Pre- and 

postoperative CT scans obtained 64 patients who had already 

undergone either ODL or DDL were analyzed.

Prediction of the increase in the SCA
Based on the pre- and postoperative parameters of CT find-

ings, laminoplasty with the OA of 40°, 42°, 44° and that with 

the OS of 10, 12, and 14 mm were simulated according to pre-

operative LA.

Statistical analysis
Statistical analyses were performed using Student’s t-test for 

continuous variables and the chi-square test or Fisher’s exact 

test for categorical variables. A two-sided p-value of <0.05 was 

considered significant. The differences between clinical data 

and simulation results were evaluated with a paired t-test. The 

correlation between clinical data and simulation results was 

assessed by calculating Pearson's correlation coefficient. SPSS 

statistical software package version 21.0 (IBM Corporation, 

Armonk, NY, USA) for Windows was used for statistical anal-

yses.

FB E

Fig. 2. Images of the simulation model developed using the GeoGebra program (International GeoGebra Institute, Linz, Austria). The shaded area 
shows the increased area of the spinal canal achieved after laminoplasty. α indicates the preoperative lamina angle and β indicates the laminoplasty 
opening angle. OA : opening angle, OS : opening size.

For equivalent OA For equivalent OS
B'=Rot[B, β°, A] B'=Rot[B, 2arcsin(OS/AB), A]
C'=Rot[C, β°, A] C'=Rot[C, 2arcsin(OS/AB), A]
G'=Rot[G, β°, E] G'=Rot[G, arccos((1/2)(EF-OS)/((1/2)EF/cos(α°)))-α°, E]
G''=Rot[G, -(β°), F] G''=Rot[G, -arccos(cos(α°)(1/2)(EF-OS)/(1/2)EF)+α°, F]

12

10

8

6

4

2

0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38

C'

B'
G'

G

β
β α

α

G''

C

A b'

OS

OS



J Korean Neurosurg Soc 64 | March 2021

232 https://doi.org/10.3340/jkns.2020.0175

RESULTS

We retrospectively analyzed the clinical and radiologic 

characteristics of 64 patients (Table 1). The two groups did not 

differ significantly in age, sex, and diagnosis (p>0.05). Radio-

logically, there was no significant difference in the distance 

between both lamina-facet junctions and the preoperative LA 

(p>0.05) between the ODL and DDL groups. The usual LA at 

the C3–6 level of the 64 patients ranged from 28.44° to 32.39°, 

while the OA ranged from 40.35° to 44.43°. The commonly 

used OS was 12 mm, and 10 mm and 14 mm were followed in 

both groups. These values were applied to the simulation 

model to predict SCA after both types of laminoplasty.

The constructed simulation model was verified using clini-

cal data. A comparison of the clinical data with the simulation 

results showed no significant difference (p>0.05) and a very 

high degree of correlation (r=0.935, p<0.001) (Table 2). These 

findings support the validity of the simulation model. There-

fore, the accuracy of the simulation model can be considered 

adequate for the current study.

Although both techniques showed that the SCA increased 

at an OA of 40°, 42°, or 44°, each of which was a typical OA in 

Table 1. Demographic and radiographic parameters of the 64 patients

ODL (n=43) DDL (n=21) p-value

Age (years) 63.3±12.0 59.9±7.5 0.17

Sex, male : female 35 : 8 16 : 5 0.63

Diagnosis, CSM : OPLL 10 : 33 6 : 15 0.65

C3 distance between both LFJ (mm) 19.24±1.44 18.72±1.12 0.28

Preoperative lamina angle (°) 32.39±1.44 31.60±2.21 0.76

C4 distance between both LFJ (mm) 19.13±1.08 18.73±1.59 0.36

Preoperative lamina angle (°) 28.89±1.75 28.44±2.37 0.89

C5 distance between both LFJ (mm) 18.67±0.95 18.55±1.14 0.45

Preoperative lamina angle (°) 30.75±1.72 29.58±2.71 0.69

C6 distance between both LFJ (mm) 18.85±0.53 18.23±1.70 0.20

Preoperative lamina angle (°) 29.71±2.05 29.29±2.66 0.12

Values are presented as mean±standard deviation unless otherwise indicated. ODL : open-door laminoplasty, DDL : double-door laminoplasty, CSM : 
cervical spondylotic myelopathy, OPLL : ossification of the posterior longitudinal ligament, LFJ : lamina-facet junctions

Table 2. Comparison of the clinical data obtained by computed tomography and those obtained using the simulation results predicted by the 
GeoGebra program (paired t-test and Pearson correlation analysis)

Level Clinical data (mm2) Simulation results (mm2) t value (p-value) r value (p-value)

Increase in the SCA following ODL

C3 101.99±8.93 97.21±6.72 1.49 (0.13) 0.954 (<0.001*)

C4 105.07±9.23 101.89±7.63 1.74 (0.61) 0.910 (<0.001*)

C5 105.60±9.43 102.96±7.23 1.93 (0.81) 0.940 (<0.001*)

C6 107.18±7.37 103.19±6.03 1.13 (0.20) 0.910 (<0.001*)

Increase in the SCA following DDL

C3 105.79±9.41 100.02±7.97 1.44 (0.61) 0.919 (<0.001*)

C4 106.91±9.51 102.77±7.02 1.93 (0.81) 0.939 (<0.001*)

C5 110.56±7.37 106.37±6.14 1.44 (0.61) 0.959 (<0.001*)

C6 110.78±6.35 107.62±5.56 1.72 (0.12) 0.949 (<0.001*)

Values are presented as mean±standard deviation unless otherwise indicated. *Indicates statistical significance. SCA : spinal canal area, ODL : open-
door laminoplasty, DDL : double-door laminoplasty
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the patients recruited in this study, the SCA was significantly 

larger following ODL than it was following DDL (p<0.05) 

(Table 3). The increase in SCA after ODL was not affected by 

preoperative LA when OA was fixed to a certain angle. The 

increase in SCA was smaller for DDL than for ODL in the 

usual range of OA, but it gradually increased as the preopera-

tive LA or OA increased. When the OA increased to over the 

typical range, the increase in SCA was larger in DDL than in 

ODL (Fig. 3).

A commonly used OS was between 10 and 14 mm based on 

the clinical data presented here. When the OS was between 10 

and 14 mm, the increase in the SCA following ODL was con-

stant at each preoperative LA (Table 4) and gradually in-

creased as OS increased. Within the same OS range, the in-

crease in SCA following DDL was slightly larger than that 

observed following ODL at each preoperative angle, but the 

difference was not significant. These increases in DDL tended 

to gradually decrease as preoperative LA increased in the same 

OS range. In simulations performed outside the usual range of 

preoperative LA, the difference of increase in SCA observed 

between 28° and 42° was not significant following either type 

of laminoplasty, although the increase was larger for DDL 

than for ODL (Fig. 4). Outside of these ranges, DDL resulted 

in significantly larger increases than were achieved by ODL 

when the LA was either narrower or wider.

DISCUSSION

The overlying goals of management for CSM and OPLL are 

cord decompression, stabilization, preservation and improve-

ment of cord vascularity, and restoration of normal sagittal 

alignment. Many factors must be considered when determin-

ing the procedure needed to achieve the aforementioned goals 

of management adequately. Several factors, such as cervical 

curvature, OPLL, anterior bony spur, K-line, must be taken 

into account when planning2).

A variety of potential prognostic factors may affect clinical 

Table 3. Increase in the spinal canal area at laminoplasty OAs of 40–44° for preoperative LAs of 28–32°

LA (°)
OA of 40° OA of 42° OA of 44°

ODL (mm2) DDL (mm2) ODL (mm2) DDL (mm2) ODL (mm2) DDL (mm2)

28° 108.34±7.31 94.64±14.12 112.78±7.31 99.83±14.12 117.08±14.13 104.97±15.59

p-value <0.05* <0.05* <0.05*

29° 108.34±7.31 96.34±7.32 112.78±7.31 101.58±7.32 117.08±14.13 106.77±8.11

p-value <0.05* <0.05* <0.05*

30° 108.34±7.31 98.11±10.28 112.78±7.31 103.42±10.28 117.08±14.13 108.65±12.71

p-value <0.05* <0.05* <0.05*

31° 108.34±7.31 99.97±16.75 112.78±7.31 105.33±16.75 117.08±14.13 110.62±18.15

p-value <0.05* <0.05* <0.05*

32° 108.34±7.31 101.92±11.11 112.78±7.31 107.34±11.11 117.08±14.13 112.68±12.14

p-value <0.05* <0.05* <0.05*

Values are presented as mean±standard deviation. *Indicates statistical significance. OA : opening angle, LA : lamina angle, ODL : open-door 
laminoplasty, DDL : double-door laminoplasty

Fig. 3. Increases in the spinal canal area after open-door and double-door 
laminoplasty according to the preoperative lamina angle under same 
opening angle.
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outcomes after cervical laminoplasty21). Spinal canal expan-

sion is one of the critical factors to affect clinical results after 

cervical laminoplasty. Especially concerning spinal canal ex-

pansion, there is a positive correlation between the likelihood 

of functional spinal cord recovery and the degree of spinal 

cord decompression. In cases of inadequate increases in the 

sagittal canal diameter or SCA, spinal cord compression will 

not be relieved, resulting in unsatisfactory results after cervi-

cal laminoplasty9,11,19). The minimal extent to which the spinal 

canal must be widened to obtain good results remains unclear, 

although the relationship between the degree of spinal canal 

expansion and clinical outcomes after laminoplasty has been 

investigated. Other studies have reported that the optimal 

amount the spinal canal must be increased in size after cervi-

cal laminoplasty is over 4–5 mm in the sagittal diameter10,13). 

Regarding the increase in SCA, widening the area by 95 mm2 

achieved good functional recovery in one study, while another 

study reported that patients with an SCA of ≥160 mm2 after 

cervical laminoplasty made better clinical outcomes8,13). Ex-

cessive openings of the lamina may cause the cord to migrate 

and extend posteriorly to an excessive degree, which can lead 

to the occurrence of postoperative C5 nerve root palsy11). The 

excessive opening also creates a wider epidural space and in-

duces the formation of more epidural scar tissues than would 

normally be expected19). Although other prognostic factors are 

predetermined before laminoplasty, the degree of spinal canal 

expansion is adjustable. Hence, surgeons can decide to expand 

the canal by different amounts based on how long the spacers 

are, making it indeed an on-demand procedure.

Many researchers have studied canal expansion after ODL 

and DDL. A cadaveric study showed that both laminoplasty 

techniques are effective at increasing the surface area of the spi-

nal canal without any significant difference4). While some clini-

cal studies have reported finding no significant difference in 

radiologic results between ODL and DDL, other clinical studies 

have found that the magnitude of spinal canal expansion was 

larger in the ODL group than in the DDL group14,15,17,22). Park et 

Table 4. Increase in the spinal canal area at laminoplasty OSs of 10–14 mm for preoperative LAs of 28–32°

LA (°)
OS of 10 mm OS of 12 mm OS of 14 mm

ODL (mm2) DDL (mm2) ODL (mm2) DDL (mm2) ODL (mm2) DDL (mm2)

28° 88.59±6.12 90.44±6.73 104.43±7.41 105.76±8.25 119.19±8.78 120.04±9.85

p-value NS NS NS

29° 88.59±6.12 90.06±7.83 104.43±7.41 105.43±9.72 119.19±8.78 119.77±11.63

p-value NS NS NS

30° 88.59±6.12 89.73±7.72 104.43±7.41 105.15±9.54 119.19±8.78 119.55±11.38

p-value NS NS NS

31° 88.59±6.12 89.43±6.07 104.43±7.41 104.91±7.38 119.19±8.78 119.38±8.83

p-value NS NS NS

32° 88.59±6.12 89.18±5.62 104.43±7.41 104.71±6.83 119.19±8.78 119.26±8.27

p-value NS NS NS

Values are presented as mean±standard deviation. OS : opening size, LA : lamina angle, ODL : open-door laminoplasty, DDL : double-door 
laminoplasty, NS : not significant

Fig. 4. Increases in the spinal canal area after open-door and double-
door laminoplasty according to the preoperative lamina angle under 
same opening size. The inserted figure shows a magnified view for 
preoperative lamina angles ranging from 28° to 32°.
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al.17) reported that the SCA expanded from 204.3±4.15 to 331.7

±5.58 mm2 in the ODL group and from 201.2±8.26 to 280.8±

20.92 mm2 in the DDL group (p<0.001). In another study by 

Nakashima et al.15), the rate of spinal canal enlargement was 

also significantly higher in the ODL group than in the DDL 

group (ODL group, 256.6%±77.6%; DDL group, 213.5%±

69.8%; p=0.007). However, in our clinical data, DDL resulted in 

more SCA expansion at every level, indicating that SCA expan-

sion does not merely depend on the type of laminoplasty and 

that it instead depends on the length of the spacer, the OA, and 

the location of the hinge and lateral gutter (Table 2).

Few studies have been performed to predict SCA expansion 

using simulation modeling or computerized programs6,7,19). 

Wang et al.19) used a computer-simulated comparison to pre-

dict spinal canal expansion following cervical laminoplasty. 

They concluded that the differences between postoperative 

canal increases achieved by ODL versus DDL were statistically 

significant when the door was opened by more than 12 mm 

(p<0.05). Unfortunately, they did not consider different pre-

operative LAs, and their results, therefore, did not reflect the 

effects of changes in the preoperative LA. Gu et al.6) reported a 

simulation study of ODL performed to clarify the relationship 

between the laminoplasty OS and the laminoplasty OA and 

predict the amount of canal enlargement during ODL. They 

utilized an image analysis program to predict values, but their 

calculation formula was too complicated to use in clinical 

practice to predict SCA expansion, and the authors concluded 

that a laminoplasty OS of 10–12 mm at C3–C7 might be opti-

mal during ODL. Furthermore, they did not perform an anal-

ysis of SCA changes according to preoperative LA, which can 

affect SCA expansion in laminoplasty. The same group re-

ported using a similar program in DDL and concluded that it 

was feasible for predicting SCA expansion7). They suggested 

that SCA expansion was proportional to the preoperative LA 

and OS but did not provide data regarding the differences be-

tween ODL and DDL according to preoperative LA.

In this study, we constructed a simulation model to com-

pare ODL and DDL, validated it using clinical data, and 

showed that it provided a reliable correlation. SCA expansion 

was compared according to OA and OS parameters for each 

laminoplasty at each preoperative LA. When OA parameters 

were applied, ODL resulted in more SCA expansion than DDL 

did for the usual preoperative LA ranges (from 28° to 32°). In 

terms of increasing SCA, ODL had an advantage over DDL in 

patients with usual preoperative LA or typical OA. A wider 

OA may be required to obtain similar results in DDL. In fact, 

in the real patient data included in this study for model verifi-

cation, the increases in SCA were larger in DDL than ODL, 

and these results were not compatible with the simulation data 

obtained using the OA parameter (Tables 2 and 3). This dis-

crepancy may be related to the larger spacer size used in DDL 

and the narrower OA in ODL in real patients. Surgeons do not 

measure or determine the necessary OA in the operative field, 

but instead determine the OS, which is usually similar to the 

size of the space between lamina. Thus, OS is a more practical 

parameter for predicting increases in SCA after laminoplasty. 

Applying OS parameters produced a better correlation in the 

clinical data, indicating that DDL increases SCA more. When 

the OS was between 10 and 14 mm, the SCA consistently in-

creased with LA following ODL and gradually increased with 

OS. Within the same OS range, DDL produced a slightly larg-

er increase in SCA than ODL did at each preoperative angle, 

but the difference was not significant. For the same OS range, 

these increases in DDL tended to decrease as preoperative LA 

increased gradually. We also simulated increases in SCA for 

preoperative LA values outside the usual ranges. Outside of 

usual ranges (less than 28°or more than 42°), DDL appeared 

to increase SCA more. Although DDL could be a better surgi-

cal option for expanding the SCA if the LA is much broader or 

narrower than usual, our simulation study revealed there was 

no significant difference in SCA changes following either 

laminoplasty technique within the usual preoperative LA 

range.

Limitations of the present study
There are limitations to this study. First, the current simula-

tion model is a simplified standard model and did not analyze 

the effects of anatomical variation, such as asymmetry, defor-

mation of the spinal canal, and different hinge/lateral gutter 

locations. Furthermore, this model is not sufficient to reflect 

every surgical detail or several modifications that can be ap-

plied when using either type of laminoplasty. In particular, 

the increase in the SCA observed after laminoplasty may dif-

fer from the simulation results depending on the position of 

the plate or spacer. Nevertheless, results obtained using the 

model can be verified with clinical data and can predict the 

increase in SCA that will be achieved after either laminoplasty 

technique, especially when using OS parameters.
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Second, this simulation model cannot correlate with clinical 

outcome data. The clinical outcomes following laminoplasty 

are related to several factors, such as preoperative neurological 

grade, the degree of compression, the surgical approach, and 

postoperative events. An increase in the SCA is one of these 

factors. Thus, achieving an increase in SCA does not necessar-

ily predict better clinical outcomes. An inadequate or exces-

sive opening may lead to undesirable results after laminoplas-

ty as an inadequate canal opening will not be large enough to 

decompress the cord and will, therefore, fail to relieve the 

symptoms. An excessive lamina opening can also cause prob-

lems, such as root retraction due to the tethering effect. Thus, 

it might be necessary to investigate the relationship between 

the degree of SCA expansion/OS and clinical outcomes asso-

ciated with preoperative LA.

CONCLUSION

The current simulation model was verified based on clinical 

data and can predict the increase in the SCA following ODL 

and DDL. When applying this model, prediction in SCA in-

crease using the OS parameter was more practical and com-

patible with clinical data. Although DDL may be a better op-

tion in patients with a narrower or wider preoperative LA, 

both laminoplasties achieved a large enough SCA in the simu-

lation model, and the difference between the two was not sig-

nificant in the usual range.
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