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3D-Printed Screw-Rod Auxiliary System for
Unstable Atlas Fractures: A Retrospective Analysis
Chao Wu, MD1,2 , Jia-yan Deng, MD2, Tao Li, MD1, Bo-fang Zeng, BD2, Hai-gang Hu, MD1, Yuan-fang Zhu, BD3,

Qin Wei, MD1

1Orthopaedics Center, Zigong Fourth People’s Hospital, 2Digital Medical Center, Zigong Fourth People’s Hospital and 3Health Management
Center, Zigong Fourth People’s Hospital, Zigong, China

Objective: To develop and validate the efficacy of a 3D-printed screw-rod auxiliary system for unstable atlas fractures.

Methods: This research is a retrospective analysis, and a total of 14 patients, including 11 males and three females,
were enrolled in our hospital from January 2017 to March 2019 who underwent occipitocervical fusion assisted by the
3D-printed screw-rod auxiliary system were reviewed, and with an average age of 53.21 ± 14.81 years, an average
body mass index (BMI) of 23.61 ± 1.93 kg/m2. The operation time, blood loss and radiation times during the opera-
tion were recorded. The maximum fracture displacement values of pre- and post-operation were measured based on
CT imaging. All screw grades were evaluated after surgery. The occipital-cervical 2 (O-C2) angle and occipitocervical
inclination (OCI) angle of pre-operation, post-operation and the last following-up were measured. The dysphagia scale
3 months after surgery and at the last follow-up, the Neck Disability Index (NDI) 3 months after surgery and at the last
follow-up were assessed.

Results: All patients were completed the surgery successfully. There was no patient with severe dysphagia or aggrava-
tion of nerve injury. The follow-up was from 12 to 14 months, and with an average of 12.5 months. The average sur-
gery time, average blood loss and average radiation times for the 14 patients were 112.14 min, 171.43 mL and 5.07
times, respectively. There was a significant difference in maximum fracture displacement between pre- and post-
operation values (P < 0.05). A total of 56 screws were inserted in 14 patients, among them, three screws were classi-
fied as grade 1, and the other screws were classified as grade 0. There was a significant difference in the O-C2

between pre-operation and 3 days after operation (P = 0.002); There was a significant difference in OCI angles
between pre-operation and 3 days after operation (P < 0.05); there was no significant difference in the O-C2 or OCI
angle between 3 days after the operation and the last follow-up (P = 0.079; P = 0.201). The dysphagia scales of two
patients were assessed as mild at 3 months after surgery, and the others were assessed as normal at 3 months after
surgery. All patients’ dysphagia scores returned to normal at the last follow-up. The average NDI and average neck
Visual Analogue Scale (VAS) scores at the last follow-up were 2.53 and 8.41, respectively.

Conclusion: It can objectively restore the OCI to normal with few post-operative complications under the assistance of
a screw-rod auxiliary system to perform occipitocervical fusion for unstable atlas fractures and atlantooccipital joint
instability.
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Introduction

Fractures of the atlas account for 3%–13% of cervical
spine fractures1. There is still much controversy about

the treatment of C1 fractures2. The most common fracture

classification is the Gehweiler classification: type 1 fractures
are isolated fractures of the anterior ring of the atlas, type
2 refers to isolated fractures of the posterior arch of the atlas,
type 3 are combined fractures of the anterior and posterior
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arches of the atlas, type 4 refers to isolated fractures of the
lateral mass, and type 5 refers to fractures of the transverse
process3,4. Types 3 and 4 are considered unstable fractures
and often require surgery4. The surgical methods include
anterior atlantoaxial fusion5, posterior atlantoaxial transarti-
cular screw fixation6, posterior atlantoaxial pedicle screw
fixation7, etc. Occipital-cervical 2 (O-C2) fusion is required
in patients with unstable atlas fractures complicated by
atlantooccipital instability and difficulty placing lateral mass
screws or pedicle screws8,9. In this surgery, the placement of
axial screws and occipital screws accurately and safely, as
well as the return to normal of the occipitocervical inclina-
tion (OCI), is particularly important10. There is a high failure
rate of screw placement based on anatomical markers11.
Complications such as dysphagia and dyspnoea may occur
when the cervical occiput is fused at an abnormal angle.
Yoshid et al. first reported a patient with rheumatoid arthri-
tis who had developed serious dyspnoea and dysphagia
immediately after a short occipitocervical fusion12, which
resulted in a failure of occipitocervical fixation.

With the clinical application of various navigation
technologies, the success rate of such operations obtained an
improvement. Wang et al. 13 performed occipitocervical
fusion on eight patients under o-arm navigation, and all the
patients exhibited radiographic evidence of osseous fusion by
X-ray and CT, and no neurovascular complications occurred.
Thirty-two of the 34 screws were rated grade 1, and the other
two screws broke through the pedicle wall. The safety of
screw placement was as high as 94%. Fiorenza and Ascanio14

performed posterior upper cervical fixation on 21 patients
under 3D navigation system with intraoperative single level
vertebral registration on pre-operative cervical CT/CTA;
From the post-operative CT, all screws position appeared
satisfactory, and no neurovascular damage occurred in all
patients. Although the above techniques have improved the
safety of pedicle screw placement to a certain extent, there
are also cases that screws break through the pedicle, and
these techniques also increase the radiation for patients.

However, with the development of 3D printing tech-
nology, the above problems have been mostly resolved. Yuan
et al. 15 used a 3D navigation system and 3D printing tech-
nology in a patient diagnosed with atlantoaxial dislocation
and basilar invagination. The patient’s walking disorder was
resolved and he was able to walk approximately 100 m by
himself with the help of a neck brace after surgery. At
6 months after surgery, the patient reported that the numb-
ness of the limbs was reduced, and he could walk more than
500 m by himself. The most important advantage of 3D
printing technology in surgery in that it can clarify the rela-
tionship between blood vessels and bone around the implant
to minimize injury to important structures during implanta-
tion. Ganesha et al.16 made a patient-specific 3D-printed
implant and tool for occipitocervical fixation, which used for
operative planning, patient education, and intraoperative ref-
erence, and the patient-specific implant was pre-contoured
to match the posterior occipitocervical bony spine and

reproduce the planned occipitocervical “neutral” position,
and with no intraoperative or post-operative complications
occurred. The patient reported resolution of symptoms and
demonstrated satisfactory occipitocervical alignment without
evidence of implant dysfunction at 6-month follow-up. All
the above studies reflect the significant advantages of 3D
printing technology in occipitocervical fusion surgery. How-
ever, they are case reports, and we hope to confirm and sum-
marize their advantages through more case studies.

In this study, we used 3D printing technology to
develop a set of patient-specific navigation templates for the
placement of axial pedicle screws and occipital screws and a
reference model of the OCI for restoring the normal OCI to
improve the screw placement accuracy and reduce the com-
plications caused by an inappropriate OCI. To our knowl-
edge, this is the first report of OCI recovery using a patient-
specific reference model of the OCI.

The aims of this study are as follows: (i) during sur-
gery, the surgical assistant kept detailed records of operation
time, bleeding and transmission fluoroscopy; The above
intraoperative indexes was used to explore the feasibility of
the patient-specific screw-rod auxiliary system for assisting
with occipitocervical fixation in unstable atlas fractures and
atlantooccipital joint instability: (ii) the grading of screws, O-
C2 angle and OCI were measured based on the radiographic
images to research the insertion accuracy of the axis and
occipital screws assisted by the navigation template;
and (iii) the Dysphagia scale, Neck Disability Index (NDI)
and neck Visual Analogue Scale (VAS) after surgery were
evaluated to investigate the effectiveness of the patient-
specific reference model of the OCI.

Materials and Methods

This study was approved by Zigong No. 4 People’s Hospi-
tal Review Board (IRB Number, 2017-002). From

January 2017 to March 2019, a total of 14 patients were
enrolled in our research, 11 males and three females, with an
average age of 53.21 years and an average body mass index
(BMI) of 23.61 kg/m2. Six of them were classified as type
3 fractures, and eight patients were classified as type 4 frac-
tures according to the Gehweiler classification. Seven patients
showed atlantooccipital joint instability, and 10 patients
experienced screw placement difficulty. One patient was
diagnosed with ASIA grade D, and the others were ASIA
grade E (Table 1). The operations were performed by the
same surgeon with more than 10 years experience, and all
patients were informed of the experimental design before the
surgery and signed an informed consent form.

The inclusion criteria were as follows: (i) atlas frac-
tures; Gehweiler classification types 3 and 4 combined with
atlantooccipital instability; screw placement difficulty;
(ii) aged 30 to 81 years; (iii) maximum displacement of the
fracture, O-C2 angle, and OCI were compared; and
(iv) followed for more than 1 year. The exclusion criteria
were as follows: (i) patients with pathological fractures;
(ii) severe systemic diseases; and (iii) severe osteoporosis.
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TABLE 1 General information of patients treated by reference model and navigation templates

No. Gender
Age

(years)

Body mass
index

(kg/m2)
Gehweiler

classification
Atlantooccipital
joint instability

Screw
placement
difficulty

ASIA
grade

P1 Female 58 24.6 Type 3 Y Y E
P2 Female 44 26.2 Type 4 Y Y E
P3 Male 81 21.7 Type 4 N Y E
P4 Male 49 22.8 Type 4 N Y D
P5 Male 71 21.5 Type 3 Y N E
P6 Male 75 25.5 Type 3 Y Y E
P7 Female 48 23.7 Type 4 N Y E
P8 Male 54 21.9 Type 4 N Y E
P9 Male 42 23.8 Type 4 N Y E
P10 Male 57 22.6 Type 4 N Y E
P11 Male 56 24.6 Type 3 Y N E
P12 Male 33 22.3 Type 3 Y N E
P13 Male 30 27.8 Type 3 Y N E
P14 Male 47 21.6 Type 4 N Y E

A

D E F G

B C

Fig. 1 Model establishment and design of the screw-rod auxiliary system. (A) Constructed model of the cervical occiput, lateral view and dorsal view;

(B, D) the virtual occipital screws and axial pedicle screws were placed, lateral view and dorsal view; (C, E) the screw-rod auxiliary system was

designed based on the virtual model and screws, lateral view and dorsal view; (F) the screw-rod auxiliary system was fixed; (G) structural drawing of

the separated screw-rod auxiliary system, including the reference model of the occipitocervical angle and the navigation templates of occipital screws

and axial pedicle screws.
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Model Construction of the Cervical Occiput
CT of the cervical occiput was obtained in DICOM format
and then imported into Mimics 21.0 (Materialise, Leuven,
Belgium). The CT value of bone was selected as the thresh-
old to extract the mask, and then the 3D model of the cervi-
cal occiput was calculated based on the mask (Fig. 1A, D).
The virtual screws were placed in the pedicle of the axis, and
virtual screws of the occiput were placed in the occipital
tuberosity based on the 3D models. According to the mea-
surement and conclusion of Shoda et al. 17, in the sagittal
plane, the occiput was rotated to maintain an O-C2 angle of
14� (Fig. 1B, E). The left and right splines were drawn along
the occipital screws, atlas, and axis pedicle screws.

Design of Screw-rod Auxiliary System
The splines and virtual screws described above were impo-
rted into 3-matic (Materialise, Leuven, Belgium). The spline
diameter was set to 3.2 mm as the reference model, and both
terminals of each reference model were designed with a point
to mark the position of the screw on the cervical occipital
surface. The virtual screw diameter was set to 2.1 mm. The
bone surface structure around the screw insert point was
extracted and stretched to a thickness of 3 mm to serve as
the basis of the navigation templates. A hollow pipe with an
inner diameter of 2.1 mm and a length of 2 cm along the
direction of the virtual screw was designed as the guide pipe
(Fig. 1C, F). Then, the base and guide pipes were united as
the navigation template. The reference model and navigation
template were collectively referred to as the screw-rod auxil-
iary system (Fig. 1G).

Preoperative Preparation
Including standard anteroposterior and lateral radiographs,
CT and MRI were performed to assess the fracture type and
the integrity of the intervertebral discs and ligamentous inju-
ries. The pre-operative operation was simulated on the 3D-
printed model. The axial and occipital navigation templates

were matched with the corresponding positions of the model.
A diameter of 2 mm for the K-wires was drilled through the
guide pipes, and the route of the K-wires was observed to
verify navigation template accuracy (Fig. 2A). The reference
model of the OCI was assembled to verify sagittal curvature
correction (Fig. 2B). The screw-rod auxiliary system was
sterilized at low temperature before the operation.

Surgical Technique

Anesthesia and Position
Under general anesthesia, the prone position was rec-
ommended during the surgical procedure on a radiolucent
operation table with the head fixed in a Mayfield head
holder.

Approach and Exposure
Via a posterior median approach, surgical exposure was
accomplished from the occiput to the C2 spinous process.
The muscle and subcutaneous fascia tissues were fully
stripped from the bones.

Fixation or Placement of the Prosthesis
Occipital screw navigation templates and axial screw naviga-
tion templates were placed in the back of the corresponding
bone and fixed firmly by the assistant; two K-wires were
drilled step by step into the axial pedicle through the axial
guide pipes. The pedicle screws were placed after the channel
was detected (Fig. 3A); two K-wires were drilled into the
occiput through the occipital guide holes (Fig. 3B). An occip-
ital screw-plate was fixed to the keel of the sub-occipital cra-
nium (Fig. 3C).

Reconstruction
Two connecting rods were contoured to refer to the shape
and length of the patient-specific reference model (Fig. 3D).
The next step was to firmly fix the locking caps of the C2

A B

Fig. 2 Simulated surgery based on the

3D-printed model. (A) Simulated screw

placement assisted by the 3D-printed

navigation template; (B) the reference

model of the occipitocervical angle was

placed to verify its effectiveness.
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pedicle screw and to place the locking caps loosely on the
occipital screw plate so that the rod was firmly attached to
the C2 pedicle screw while sliding freely within the occipital
screw plate. According to the shape of the reference model,
the O-C2 angle was adjusted; according to the distance of the
dots on the reference model, the occipital locking caps were
tightened firmly while maintaining distraction (Fig. 3C).
Finally, all locking caps were securely tightened (Fig. 3E).
After satisfactory reduction, autologous bone grafts from the
ilium were obtained for bone arthrodesis and stratified sutur-
ing of the wound.

General Indicator

Operative Time
In our study, the operation time was defined as the period
between wound opening and wound closing. Less operation
time can effectively reduce the operation risk.

Blood Loss
The amount of blood loss during the operation can reflect
the quality of the operation.

Less blood loss can accelerated rehabilitation for
patients.

Radiation Times
The use of c-arm fluoroscopy during the whole operation,
fewer radiation times can reduce the radiation exposure to
operators and patients.

Radiographic Indicator

Maximum Displacement of the Fracture
The maximum displacement of the fracture end of the frac-
ture was measured based on CT imaging, and the maximum
displacement reflect the fracture reduction.

O-C2 Angle
The angle between the McGregor’s line and the inferior
endplate line of C2 was measured as the O-C2 angle
(Fig. 4A). A normal person’s O-C2 Angle is close to 14�, and
an abnormal O-C2 angles may cause difficulty in swallowing
or dyspnoea.

OCI
the posterior border of C4 was measured as the OCI angle 17

(Fig. 4B), and abnormal OCI angles may cause difficulty in
swallowing or dyspnoea.

Clinical Indicator

Dysphagia Scale
The dysphagia scale was evaluated as follows: normal refers
to patients without any swallowing difficulties; mild refers to
patients with rare, intermittent episodes of dysphagia; mod-
erate refers to patients with some difficulty when swallowing
some special food; and severe refers to patients with diffi-
culty even swallowing liquid18.

NDI
NDI was used to evaluate neck pain and disability 19. NDI
contains 10 self-reported items, including: pain intensity,
personal care, lifting, reading, headache, concentration,
working, sleeping, driving, and entertainment. Each item is
scored from zero to five. The final score was presented as the
percentage of the maximal score. Final NDI score is calcu-
lated as (total score/(five × number of questions
answered)) × 100%. 0% to 20% is considered mild dysfunc-
tion, 21%–40% is moderate dysfunction, 41%–60% is severe
dysfunction, and 61%–80% is considered as disability. 81 per-
cent to 100% is either long-term bedridden or exaggerating
the impact of pain on their life (Fig. 5).

A B C D E

Fig. 3 Surgical procedure. (A) Occipital screws were inserted, assisted by the navigation template; (B) axial pedicle screws were inserted, assisted by the

navigation template; (C) the occipitocervical angle was adjusted according to the reference model of the occipitocervical angle; (D) according to the

occipitocervical angle reference model, the connecting rod with an appropriate length was applied and then bent; (E) completed occipitocervical fusion.

1010
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 3 • MAY, 2021
3D-PRINTED SCREW-ROD AUXILIARY SYSTEM



VAS
The VAS score system used in the social and behavioral sci-
ences to measure low back pain and leg pain 20. The VAS

pain scoring standard (scores from 0 to 10) was as following:
0 means painless; 1–3 means mild pain that the patient could
endure; 4–6 means patient was in pain that could be endured

A B

Fig. 4 (A) Measurement of the OCI angle.

Point 1 is the most caudal point on the

midline occipital curve, point 2 is located

in the posterosuperior aspect of the hard

palate; Point 3 and point 4 are located in

the vertebral body edge of C4. The OCI

angle is defined as the angle between

McGregor’s line and the vertebral body

edge of C4. (B) Measurement of the O-C2

angle. Points 5 and 6 are located in the

inferior endplate of the axis. The O-C2

angle is defined as the angle between

McGregor’s line and the inferior endplate

line of C2.

A B C

D E F

G H I

Fig. 5 The imaging of patient NO. 10, male, diagnosed with a fracture of the lateral mass of C1, type 4. (A) Axial CT of C2; (B) 3D imaging of C2; (C)

Pre-operation O-C2 angle of 6.71�; (D) postoperative atlas reduction; (E) C2 pedicle screw with grade 0; (F) occipital screw with grade 0; (G) OCI angle

of 79.56� and O-C2 angle of 14.12� immediately post-operation; (H) OCI angle of 77.45� and O-C2 angle of 14.79� at the last follow-up; (I)

registration of post- and pre-operation CT, screw placement and occipitocervical angle consistent with the preoperative design.
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and be able to sleep; and 7–10 means patient had intense
pain and was unable to tolerate the pain.

Screw Grading
The grading score was used to evaluate the safety of the pedi-
cle screw21; grade 0: no breach; grade 1: breach less than
2 mm; grade 2: breach of 2 to 4 mm; and grade 3: breach
greater than 4 mm. Grade 0 and grade 1 placements were
considered successful and safe, and grade 2 and grade
3 placement indicated the possibility of nerve damage.

Statistical Analysis
All statistical analyses were performed in SPSS 19.0 (SPSS
Inc.; Chicago, IL, USA). Descriptive statistics were performed
for a single set of quantitative data, including the mean
value, standard deviation, minimum value and maximum
value, and for age, BMI, surgical time, blood loss, radiation
times, NDI and neck VAS. The paired t-test was performed
for pre-operative and post-operative comparison of quantita-
tive data, including the maximum displacement of the frac-
ture between pre-operation and post-operation values. A
one-way repeated measure (ANOVA) was performed for
multiple sets of comparative quantitative data, including the
O-C2 angle and OCI angle pre-operation, 3 days after the
operation and at the last follow-up. The level of statistical
significance was set at 0.05 (two-tailed).

Results

Follow-up
All patients were followed up for 12 to 14 months. CT, X-
ray and clinical examinations were performed in all patients
within 3 days after surgery and at the last follow-up. The
grading of screws, O-C2 Angle and OCI of 3 days after sur-
gery and the last following-up were measured based on the
radiation imaging. The Dysphagia Scale, NDI and Neck VAS
within 3 days after surgery and the last following-up were
evaluated.

General Indicator
The average surgical time, blood loss and radiation times
were 112.14 ± 15.78 (range, 90 to 140) min, 171.43 ± 73.05
(range, 80 to 300) mL and 5.07 ± 1 times (range, 4 to 6),
respectively.

Radiographic Improvement
The maximum displacement of the fracture was
6.95 ± 3.19 mm before surgery and 4.75 ± 2.57 mm within
3 days after surgery, and there was a significant difference
between pre- and post-operation values (t = 5.40, P = 0.000).
There was a significant difference in the O-C2 angle
(t = 4.51, P = 0.002) and OCI angle (t = 8.11, P = 0.000)
between values pre-operation and those 3 days after the
operation. There was no significant difference compared O-
C2 angle with 14� (t = 0.016, P = 0.99). There was no signifi-
cant difference in the O-C2 angle (t = 2.23, P = 0.079) or

OCI angle (t = 1.56, P = 0.201) between values 3 days after
the operation and those at the last follow-up.

Clinical Improvement
One patient with ASIA from grade D recovered to ASIA
grade E at the last follow-up. The dysphagia scale was
assessed as “mild” in two patients, and in the other patients,
the dysphagia scale was assessed as “normal” 3 months after
the operation. All patients had “normal” dysphagia scales
12 months after the operation. The average NDI and neck
VAS scores 12 months after the operation were 2.53 ± 0.4
(range, 2.07 to 3.16) and 8.41 ± 0.75 (range, 7.14 to 9.75),
respectively (Table 2).

Screw Grading
A total of 28 C2 screws and 28 occipital screws were placed. One
left C2 screw, one right C2 screw and ine occipital screw had
grade 1 placement, and the other screws had grade 0 placement.

Complications
None of the patients had complications such as infection,
severe dysphagia or nerve damage after surgery.

Discussion

Feasibility of the Patient-specific Screw-rod Auxiliary
System
Miyata et al. analyzed the O-C2 angle in 29 patients who
underwent occipitocervical fusion and found that the O-C2

angle had a significant impact on post-operative dyspnoea
and/or dysphagia22. Yoon suggested that the OCI angle is an
important parameter reflecting the OCI in patients with ana-
tomic abnormalities of C0-C2

23. Shoda et al. put forth that the
McGregor line is the most reproducible and reliable method for
measurement of the OCI angle17; Nagashima et al. suggested
the use of the Oc-Ax angle instead of the O-C2 angle when it
was difficult to find the McGregor line or endplate of C2

24. The
O-C2 and OCI angles have been used as important parameters
to evaluate OCI recovery because they are easy to measure dur-
ing surgery22. Sitoula et al. recommended a technology for
occipitocervical fusion, and it helps restore the OCI and main-
tains screw stabilization25. During the operation, C-arm fluoros-
copy has recently been used to assess the recovery of the OCI;
however, this method has substantial subjectivity and needs
multiple perspectives to adjust the angle. In this study, we used
a patient-specific 3D-printed screw-rod auxiliary system to
assist with screw placement and pre-bending of the rod to
improve the objectivity of intraoperative confirmation and
improve the reduction effect.

Effectiveness of the Screw-rod Auxiliary System
In this study, we achieved a great therapeutic effect with the
screw-rod auxiliary system. First, the average operation time
of the 14 patients was 112.14 min, and the average blood loss
was 171.43 mL in this study, which was significantly less than
that with this type of surgery among recent studies 26,27. The
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average radiation times in the study was 5.07, which was sig-
nificantly less than that in previous studies 16,28. Second, the
degree of pos-toperative fracture displacement was signifi-
cantly less than that of pre-operative fracture displacement,
indicating that this technique could effectively reduce the
fracture. Third, this technology to assist screw placement is
safe, and no screws more severe than grade 1 were found in
this study. Fourth, the OCI was well restored to be consistent
with the pre-operative design and with an average O-C2 angle
of 14� after surgery. The fixation was stable, since there was
no significant difference in the O-C2 or OCI angle between
the values post-operation and at the last follow-up. Last, dys-
pnoea was rarely seen in all 14 patients, and the ASIA scale
fully recovered to grade E, with satisfactory NDI and VAS
scores at the last post-operative follow-up.

Operation Skills
Here, we provide some tips for this type of surgery; (i) the
simulated reduction of the fracture site should be performed
before surgery, and the OCI should be adjusted from the sag-
ittal position and coronal position to satisfy physiological
curvature; (ii) the base of the axial navigation template
should cover the root of the axial spinous process, and the
base of the occipital navigation template should cover the
occipital nodule to ensure that the navigation template is
firmly attached to the bone and to improve the accuracy of
screw placement; (iii) the inner diameter of the guide pipe is
reserved with a mobility of 0.1 mm for the passage of the K-
wires. The length of the guide pipe should be designed to be
15–20 mm to accurately guide while avoiding excessive soft
tissue stripping; (iv) it is best to choose a K-wire with a lim-
ited depth and a diameter of 2 mm, and the K-wires should
be deepened step by step to explore the screw corridor;
(v) during the operation, the soft tissue around the bone
attached by the base of the navigation template should be
completely removed to ensure firm attachment of the naviga-
tion template; (vi) in order to better expose the occiput and
the C2 spinous process, we usually reduce the O-C2 angle
byadjusting the Mayfield head holder in the pre-operative. If
we find the actual O-C2 angle is much different from the
pre-operative design during surgery, we usually release the
rotating head device of Mayfield head holder by the assistant
to change the O-C2 angle.In this way, the O-C2 angle can be

restored objectively according to the 3D-printed screw-rod
auxiliary system; and(vii) after O-C2 angle fixation, the screw
position and recovery of the O-C2 angle should be recon-
firmed by C-arm fluoroscopy.

Limitations
There are some limitations of this research that should be
noted. First, we measured the O-C2 angle and OCI angle in this
study, but these two indicators were not sufficient to evaluate
the recovery of the OCI. Second, some complications of the
patients may have been ignored, and patients’ post-operative
statuses could not be fully evaluated due to the short follow-up.
Finally, only 14 patients were enrolled in this study, resulting in
a relatively small sample size. In a later study, we will add the
anatomical measurement index and clinical observation index,
prolong the follow-up and expand the sample size.

Conclusion
It is clinically feasible with the assistance of a screw-rod auxil-
iary system to perform occipitocervical fusion for unstable atlas
fractures. This novel technique can objectively restore the angle
OCI of patients, and there are few postoperative complications.
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