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An individualized navigation template based on the three—dimensional printing technique: application to
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[Abstract] Objectives: To investigate the feasibility of establishing an individualized navigation template for
occipital condyle screws insertion by using the three —dimensional printing technique, and to evaluate the
accuracy and safety of template—assisted condyle screw insertion. Methods: Twenty adult occipitocervical
specimens were selected to take a CT-scan. After importing original Dicom data into the Mimics software,
3D -models of the craniocervical junction were created, which were used to evaluate anatomic structures
related to condyle screws and define the parameters of screw placement.  The screw path was determined
through the guidance of canal and the cavity model of occipital bone structure, which were assembled
together to generate the navigation template with a well —established screw path based on the
three—dimensional printing forming technique. Anatomy study and CT-scan were taken to access the position
of the screws after the insertion of bilateral condyle screws on cadaveric specimens and 3D-models. Results:
Significant individual variation of the anatomical structure related to the occipital condyle screw was identified.
The axial medial angle, sagittal cranial angle and the distance between entry point and atlantooccipital joint
were 30.2°£6.3°, 8.1°+2.6° and 3.69+0.42mm, respectively. Forty condyle screws were implanted assisted by
20 individualized navigation templates with an average time of 60.1+9.3s. Anatomy study and CT-scan
showed no intrusion of the vertebral artery, hypoglossal canal, condylar emissary canal or atlantooccipital joint.

All screws were completely contained within the condyle. Conclusions: The study proves the feasibility of
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using the Mimics software for establishing 3D-models of the occipital condyle and related anatomy structures.

The individualized navigation template,

designed and generated by the three—dimensional printing technique

based on established screw path parameters, is proved to be a feasible, precise and low-cost method, which

can be a new alternative to conventional technique for screw placement.

[Key words] Three—dimensional printing; Occipital condyle screw; Navigation templates; Fused deposition

modeling; Polylactic acid
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Figure 1 Virtual screw placement and evaluation of anatomic structures related to optimal screw trajectory a—d Obtain

optimal trajectory for the occipital condylar screw by adjustment of the virtual screw path based on coronal, axial and

sagittal CT images e, f The difinition of parameters related to screw placement based on 3d-reconstruction images(HNC,

hypoglossal nerve canal; LNI, linea nuchae inferior; COE, crista occipitalis externa; FMP, foramen magnum posterior;

CEF, condylar emissary foramen)



PR S R 2 A 2014 455 24 2545 5 1)

Chinese Journal of Spine and Spinal Cord,2014,Vol.24 ,No.5 443

B X B R T S B I 5 AR R, 40 MU
ET (Rl P A o0 30.2046.3°, SR AL f A 8.1°
+2.6%; FEET A TR R O RE bR T A v TR 2k
L BRI A TE B R 3.69+0.42mm,
2.2 FUBARE BhAL R ET 00 IR S VAL
26 CT KA I 20 H bz A 5 5L AL B
PRIIFF Ao 2R, o B AT LR it
S AEATIE | A S T ) T B ARE R = 44T B K
RUEAE /R A AR SR AR, I L5 B T A
BAKUNAL BRI 4T 4L 40 A PRI fEh A LS
WURIHR S0 B eSS M R iR S B R, A E
J5 AR RS PE TR T R AT R,

AU AR IR R AR S s B . BT R 4R AR RERS S
60.1+9.3s, A J5 X5 B[] B A fige 350 WL 22 & B, 40
MO AT 359 A X6 AfE 3l Jok 1) 5 A 68 Jli s i) (R Hrh 32
MO T e v 55 20 KA A 5 78 42 i (&1 2i) . CT £
AR 40 HURET Y 58 &0 TR B # N, X — MR
OFH T WHEE SIS B O H (B 3),

3 itig
3.1 HIVERL A RS ET T U AR 14 I R 2 X

La Marca %50 F1 Uribe 5 {4 A A 43 5] F
2008 AR5 5 i 3E 1 F AL B BRIR BT AU B b
[ 28 IR R R S W) 45 R A N (HBFE A

)

B2 AR PR AR T S AR AY ) # K T SR IE a~e BOIF IR S 4EST ED B A AL AR d e TE AL R = 4R
BB AR f~h S AT B T T MR A E AU B R RET i LSRR R R BT R R L b e AR A 214
ML E SRR (OC, Mo B8 VA HMESIIK)

Figure 2 The preparation and validation of individualized occipital condyle screw navigation templates a~c Design and

generale the individualized navigation template by using a three—dimensional printing technique d, e Testify the naviga-

tion template on 3D-models of the occipital condyle f=h The placement of bilateral occipital condyle screws on cadaver-

ic specimens assisted by navigation templates i The placement of bilateral occipital condyle screws on cadaveric speci-

mens assisted by navigation templates(OC, occipital condyle; VA, vertebral artery)
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Figure 3 The evaluation of accuracy of bilateral occipital condyle screws based on CT images a,d Coranal and sagittal

CT images showed that no screw violated the HNC, CEF or occipitoaxial joint; e Axial CT images indicated that all

screws were completely contained within the condyle (HNC, hypoglossal nerve canal; CEF, condylar emissary foramen)
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