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Posterior Cervical Fixation with a Nitinol Shape Memory
Loop for Primary Surgical Stabilization of Atlantoaxial
Instability : A Preliminary Report

Duk-Gyu Kim, M.D., Jong-Pil Eun, M.D., Ph.D., Jung-Soo Park, M.D.

Department of Neurosurgery, Research Institute of Clinical Medicine, Institute for Medical Sciences, Chonbuk National University Medical School and
Hospital, Jeonju, Korea

Objective : To evaluate a new posterior atlantoaxial fixation technique using a nitinol shape memory loop as a simple method that avoids the risk of
vertebral artery or nerve injury.

Methods : We retrospectively evaluated 14 patients with atlantoaxial instability who had undergone posterior C1-2 fusion using a nitinol shape
memory loop. The success of fusion was determined clinically and radiologically. We reviewed patients’ neurologic outcomes, neck disability index
(NDI), solid bone fusion on cervical spine films, changes in posterior atlantodental interval (PADI), and surgical complications.

Results : Solid bone fusion was documented radiologically in all cases, and PADI increased after surgery (0<0.05). All patients remained neurologi-
cally intact and showed improvement in NDI score (p<0.05). There were no surgical complications such as neural tissue or vertebral artery injury or
instrument failure in the follow-up period.

Conclusion : Posterior C1-2 fixation with a nitinol shape memory loop is a simple, less technically demanding method compared to the convention-
al technique and may avoid the instrument-related complications of posterior C1-2 screw and rod fixation. We introduce this technique as one of
the treatment options for atlantoaxial instability.

Key Words : Atlantoaxial stabilization - Posterior cervical surgery - Nitinol shape memory loop.

INTRODUCTION ported modifications of the Gallie procedure, with success rates
ranging from 75-97%, although this success depended on the

The atlantoaxial complex is unique among the intervertebral  use of an external halo orthosis®. In an effort to improve the
joints. It is the most mobile segment of the spine with respectto  fusion rate, Magerl and Seemann described C1-2 transarticular

axial rotation, allowing a 90 degree bilateral range of motion?.  screw fixation in 1979, which increased the fusion rate to more
The complex largely depends on the ligamentous supports and ~ than 95%*!*!"131619) Screw fixation remains the gold standard
the integrity of the odontoid for its stability. for posterior C1-2 fusion; however, it has some limitations such

Symptomatic atlantoaxial instability requires stabilization of  as technical difficulty and the risk of nerve root or vertebral ar-
the atlantoaxial joint for treatment. The causes of atlantoaxial  tery injury®.
instability include trauma, congenital malformations, inflam- In this report, we introduce a new C1-2 fixation method us-
matory arthritis, malignancy, and infections>'”. ing a nitinol shape memory loop. Nitinol is an alloy of nickel
Various techniques of atlantoaxial fixation have evolved, each  and titanium that belongs to a class of shape memory alloys. It
trying to achieve higher fusion rate, important given the ex-  is flexible below 10°C (50°F), but returns to its original shape
treme mobility of this joint. Since Gallie introduced a posterior  and regains its rigidity above 30°C (86°F).
wiring and autologous graft in 1939, various authors have re- We used a nitinol loop as a C1-2 posterior column supporter.
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The shape memory loop has been used previously in the tho-
racic and lumbar regions®'>'9. Recently, it also has been used in
posterior cervical fixation in the subaxial cervical spine?. The
aim of this study was to evaluate a posterior fixation technique
for C1-2 instability using a nitinol shape memory loop as a new
method that avoids the risk of vertebral artery or nerve injury.

MATERIALS AND METHODS

Patient population

From January 2006 to January 2011, 14 patients with atlanto-
axial instability were treated with this new nitinol shape memo-
ry loop fixation technique at our neurosurgery department. We
used two kinds of nitinol memory loop (SpinoFix™, Fixation
system; Biosmart CO., Korea and Davydov™ and KIMPF-DI
Fixing system; CJSC KIMPF CO., Seoul, Korea) There were
eight men and six women, and the mean age was 44.92 years
(Table 1). Mean follow-up period was 23.64 months. There
were eight patients with odontoid process fractures with trans-
verse ligament injury, three with C1-2 rotational instability due to
transverse and alar ligament injury, two with symptomatic os
odontoideum (orthotopic type), and one with nonunion of
odontoid process fracture. C1-2 rotational instability was defined
as atlantoaxial subluxation or fixation that presented on C-spine
CT scan. Ligament injuries on MRI scan were confirmed by
neurosurgeon and neuroradiologist.

Surgical procedure

The procedure requires the patient to be placed in a prone
position after induction of general anesthesia. The head is se-
cured in a Mayfield holder and maintained in a neutral posi-
tion. When severe instability or spinal cord compression is pres-
ent, a cervical collar is used when turning the patient in order to
reduce the risk of spinal cord injury (SCI). The posterior suboc-
cipital and cervical regions are draped in the usual fashion as for
a C1-2 fusion procedure. Lateral fluoroscopy is performed at in-
tervals during the surgery.

A midline linear incision is made starting from the inion, and
the muscles and fascia are dissected to expose the occiput and the
posterior C1 and C2 vertebrae. Then, the superior margin of the

Fig.1.A: Intraoperatie findings after fixation of the C1 ring, mesh cage (arrow) and C2 lamina with
a nitinol loop. B : Postoperative simple radiograph shows nitinol loop hooking the C1 ring and C2

lamina.

ClI posterior ring and the inferior margin of the C2 lamina are
dissected carefully to create a space between the thecal sac and
bone and prevent spinal cord compression by the surgical hook.
After that, the mesh cage packed with autologous or allograft
bone is shaped to fit between C1 posterior ring and C2 lamina.
After decorticating the inferior aspect of the C1 posterior ring
and the superior aspect of the C2 lamina, the interpositional graft
is situated between C1 and C2. Template-measuring instruments
are used to calculate the exact size of the loop. We select a length
of memory loop smaller than the measured distance between the
C1 ring and the C2 lamina to tighten the grafted material and
posterior C1-2 ring when the loop reverted to its original shape.
Then, the memory loop is cooled in sterilized cold saline to a
temperature less than 10°C (50°F) for at least 30 seconds. The
loop became flexible and could be deformed easily to fit between
the CI and C2 rings. One hook is placed behind the C1 posterior
ring, and the other is placed behind the C2 lamina. Then, anoth-
er loop is placed on the opposite side over the midline. After bi-
lateral installation of the two loops, they are irrigated with warm
saline between 35°C (95°F) and 45°C (113°F), and the loop slow-
ly regain its initial form and rigidity, tightly fixing the C1 posteri-
or ring, the mesh cage, and the C2 lamina (Fig. 1A). We assess
the fixation by manually pulling and shaking the loops.

After confirmation of the fixation with intraoperative plain
lateral radiography, the wound is closed layer by layer (Fig. 1B).
Postoperatively, all patients are treated with immobilization for
8-12 weeks in a cervical collar.

Review of clinical and radiologic outcomes

We retrospectively reviewed the medical records of the 14 en-
rolled patients. Success of fusion was defined as improvement
of neck pain and radiologic findings of bone fusion. Clinical
improvement of neck pain was assessed with the neck disability
index (NDI) preoperatively and 6 months postoperatively. The
total NDI score ranged from 0 to 50, and percent disability was
calculated as total score/50x100 (%). Percent disability of 0-20%
was defined as minimal disability, 21-40% as moderate, 41-60%
as severe, 61-80% as crippled, and 81-100% as bed bound.

We also reviewed surgical complications, instrumentation
failure, bony fusion rate, and posterior atlantodental interval
(PADI) in all patients. PADI was ob-
tained preoperatively and six months
postoperatively and was calculated as
the distance on a plain lateral radio-
graph from the back of the odontoid to
the anterior aspect of the posterior Cl1
ring. Solid bone fusion and instability
were assessed with flexion-extension ra-
diographs at intervals and 3D cervical
spine computed tomography (CT) six
months postoperatively. Bone fusion
was defined as evidence of continuity of
trabecular bone between C1 and C2
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across the graft.
Statistical analysis was performed using the t-test. A signifi-
cance level of p<0.05 was used.

RESULTS

A total of 14 subjects were reviewed (Table 2). Before surgery,
five patients were in the severe disability category according to
NDI score, four in the moderate disability category, two in the
minimal disability category, and one in the bed bound disability
category. Two patients were not evaluated due to stuporous men-
tal status.

Posterior C1-2 fusion using the nitinol
loop system was performed in all of the

lllustrative case

Presentation & examination

A 57-year-old female patient presented with posterior neck
pain and tingling sensation of both hands after slip down. Ini-
tial plain radiographs and cervical CT showed orthotopic type
of os odontoideum (Fig. 2A). Magnetic resonance imaging
showed severe cervical canal stenosis with cord contusion (Fig.
2B). Surgical intervention was recommended.

Operation and outcomes
We performed posterior C1-2 fixation with a nitinol shape

Table 1. Patient population summary

enrolled patients. After surgery, all pa- Parameter

Value

tients had a significantly improved NDI
score compared with the preoperative
value (p<0.05) (Table 2). Nine patients
moved into a lower disability stage, three
remained the same, and none of the pa-

Mean age (years)

Number of patients (male : female)

Mean follow-up period

14(8:6)
44.92 (17-72)
23.64 months (6-60)

Cause of atlantoaxial instability

Odontoid fracture with transverse ligament injury 8
tients had worsening of disability. Halo Rotatory instability due to ligament injury 3
orthosis was used postoperatively in one Os odontoideum (dystopic) )
patient to provide additional stability Nonunion of odontoid process fracture 1
due to combined compression fractures
Symptoms
at T9, T10, and T11 vertebrae. As the )
. . Neck pain 12
patient was not tolerable to wear cervical o .
. Both hand tingling sensation 1
collar and TLSO simultaneously, we )
Right hand weakness 1

used Halo orthosis of which length was

customized longer than that of usual one
enough to stabilize lower thoracic spine.

The fixation technique in this fusion
procedure was successfully applied in
all cases. We used autologous iliac crest
bone grafts for bone fusion in seven pa-
tients in succession until 2008 and, then
allograft bone in the others. There were
no surgical complications, vertebral ar-
tery or neural tissue injury, or cases of
instrumentation failure.

Solid stabilization was maintained
throughout the follow-up period. To
confirm the solid stabilization, Branti-
gan-Steffee classification was used”.
Also, there was evidence of solid bone
fusion on 3D cervical spine CT at six
months postoperatively, and there was
no instability on flexion-extension ra-
diographs during the follow-up period
in any of the cases.

The mean PADI significantly increased
to 22.43+1.51 mm six months after sur-

Fig. 2. A : Preoperative cervical computed tomography shows orthotopic type of os odontoideum. B :
Magnetic resonance image shows severe cervical canal stenosis with spinal cord contusion (ar-
row). G : Six months postoperative cervical computed tomography shows solid bridging bone for-
mation between C1 and C2 across the graft. D : Preoperative lateral radiograph shows orthotopic

type of os odontoideum. E : Six months postoperatively, lateral radiograph demonstrates improve-

gery compared with a preoperative value

of 18.13+1.50 mm (p<0.05) (Table 2). atlantodental interval.

ment of the lordotic curve and an increase in PADI from 16.00 mm to 18.53 mm. PADI : posterior



J Korean Neurosurg Soc 52 | July 2012

Anfur pJod eulds : [0S

7-1D U2am12q oIS auoq pasodiejuy
Surmm Jeurure[qns 770 [eIorelig

113 auoq snoofojne yym

Surpuewop Areoruypay, Amfur A 108 ON 001
Surpuetuap A[reoruyoay,
Amfur yp DS UOIJ&)01 JO UOTeI[qo 2[dwo)) 6 Ueryy 2T
UOIJe[SUEI} PUE UOT}e}0I U
UOnOUI J[qRIIPISU0D PFPOsiT AIIM TeUTUIe[qns JO [D)S JO YSU PIoAY 08
anoqe se dauwreg  aFessed 9[qed gD-1D) Teurureqns [e1dye[iq Ay SUIpIoAy 16
2A0QE Se AUTeg A)IMIqe)s TeuoyeI0I AION €6
(SISOUIO [eUId)Xd PIdU)

P)SISaI JOU ST UOTL)0I [BIXY
Juawd Jorraysod 770 Joejut axmbay

‘e 39 swiIeH 4q 7007
Te 3o 18N 4q “6L61

Te 30 13nT, Aq G/61
Te 12 Sejuuog 4q ‘1661

T8 30 sunjua( pue syooxq £q ‘g/61

UONEXY MAIDS
apipad 77 X sseu [e1aje] 1D

UOneX MaIDS Te[nd1).Iesuel],

sdurep reururepoyuy
Surmm 7-10 J0113)504

Surm g-10) Io113s0g

Surnm snourds 77 pue reurte[qns 1) 9Je1 UOISNJ JOMO] uonedrydde jo aseq 08-S Te 10 aMeD £q ‘6¢61 Surm g-10) Iow1)sog
S[reIap [edIUYd3], suoneIWIT saejuespy (9%) 2181 OIS uononponu| anbruypa) [eardmg
sanbiuyda) UoIsny [eIXeojUBe J0L81S0d SnoLieA Jo Alewwng *g ajqer
188}-} 'G0'0>d,
IS TFEVCC 09 T+ET8I SV LFSTTIL ST'0T+80'IC «IN[eA UBIJA
ST 9991 SUON 8 [ewuTuIu (%91) 8 eIAPOW (%9¢) 81 2IMde.I) PIOJUOPO JO UOTUNUON ured XN JN/69 ¥1
a3ue [eyusw a8ueyp [eyuowr
08°'1¢C <Ll QUON 01 mSOHO&dm 0] anp YD jouue) 2Impoery EOHEO@O mﬁOuO&—ﬁm 03 anp 23> jouue)) 2\ L1 ¢l
1S°€T 1821 UON 9 dpeIapout (%9¢) € agesapou (9%9¢) 81 Amfur juaureSy] o) anp ANIqeIsul [euoneIoy uredpaN /5§ !
Amfur jusuredyy o) onp
89T 0161 AUON 9 [eTIruT (%8) & Tewuruar (%0) 0T Aipqeisut feuoneioyg ured N /€T 11
80°'1T [STAl UON. 9 ANBIPOW (9%77) TT 919438 (%¥¥) 7T JImjoeIj projuopQ uredYooN  d/FS 01
90'7C STLT QUON i4% djeIopour A oomv QI2A3S A V 2ImpoelIj projuopO 5&& PN E\NN 6
€712 wiLl QUON €¢C eIOPOW (9%97) €1 319435 (%TS) 9T SIMmdey PIOJUOPQ ured XN /LS 8
0£'7T 10°81 JUON 09 ARIPOW (%H7) TT 21238 4(9496) 8T 3IMmdRIJ PIOJUOPQ uredypoN  J/7L YA
et 861 auoN Vi paddro (%z9) ¢ punoq paq (%¥8) Tk amyey plojuopo uredypaN /S 9
8€'€T 66'0C AUON 9% AeIAPOW (%87) ¥1 312838 “(%¥S) LT AIMORI] PIOJUOPQO ured N N/FE S
a3uep eyuswr aBuerp [eyuowr
1092 7502 JUON 74 snotodms 03 anp ypayp Jouue)  Amfur jusureS| o) anp Apiqejsur [euonejoy  snoxodnis 0} anp XY JouuUL) /6T ¥
LLTT L9991 SUON 9C [eWITUTW (%69) € [eTuT (%21) 9 (ordojotyy10) WM3pIOJUOPO SO ssatnjeam puey yof ured ypaN /8¢ €
uornesuas
€681 0091 QUON |4 TewruTar (%21) 9 AeIPOU (%0€) ST (01dojoypi0) wmaprojuopo so Surdun puey yioq ured YoaN /S [4
00°€T L9'81 QUON ¥e Jewrruru (%01) § JeIapou (%77) 11 2Injoey ployuopQ uredpaN  IN/8T 1
dowsod doaid suoredndwor) (syputou) e doisod anpea doaig sisouer(] swoydudg Xag/a3y  "oN aseD)
(wun) [qvd pousad dn mofjoq apeid ‘(uaozad ur Aypiqesip)a100s [e30) [N

sjuaned pajjous {1 Jo Arewwng g ajqeL

24



New Posterior Atlantoaxial Fixation Technique Using a Nitinol Shape Memory Loop | DG Kim, et al.

memory loop, and the patient recovered without further neuro-
logical deficits. Neck pain and tingling sensation of both hands
resolved with improvement of NDI score. Six months after the
operation, simple cervical spine radiographs showed no instru-
ment failure and improvements in cervical lordotic curve and
PADI from 16.00 mm to 18.53 mm (Fig. 2D, E). On 3D cervical
spine CT, successful fusion was demonstrated as solid bridging
bone formation between C1 and C2 across the graft (Fig. 2C).

DISCUSSION

The purpose of treatment in atlantoaxial instability is to achieve
a solid fusion between C1 and C2, virtually eliminating any mo-
tion between them. This is expected to relieve neck pain and
avoid the risk of further neurological deficits. Various techniques
are available for fixation of the atlantoaxial joint (Table 3).

Posterior C1-2 wiring techniques were introduced in 1939 by
Gallie?. He reported a technique for C1 sublaminar and C2 spi-
nous process wiring using iliac crest bone graft. To enhance ro-
tational stability, Brooks and Jenkins modified the technique by
bilaterally placing C1-2 sublaminar wires. Sonntag introduced
further modification of the Gallie technique by placing a wire
under the C1 lamina, around an interposed graft and the C2
spinous process”.

These posterior wiring techniques were the most common
means of stabilization in the past. The rates of successful fusion
range from 75 to 97% when the posterior wiring techniques are
used. However, this technique requires additional external halo
orthosis for successful fusion and does not completely avoid the
risk of SCI or dural injury®”. In the 1980s, interlaminar clamps
were popularized as an alternative method of posterior C1-C2
fixation. However, these clamps may become dislodged and al-
low considerable rotation and translation'®.

In an effort to enhance the fusion rate at C1-2, Magerl and
Seemann'® developed a fixation procedure involving the trans-
articular screw technique. This technique has lead to consider-
able improvement in the fusion rates up to more than 95% due
to minimized rotary movements and has become the gold stan-
dard for atlantoaxial fusion as it does not require intact posteri-
or elements or the passage of sublaminar wires*®!1131619) Al
though the fusion rate is high, the technique remains technically
demanding, and precise knowledge of VA anatomy is necessary
to avoid vascular injury. In a recent survey, the risk of VA injury
was 2.2% per screw, the risk of neurological deficit was 0.1%
per screw, and the mortality rate was 0.1%*”. Radiographic and
anatomical studies of the atlantoaxial complex suggest that up
to 20% of the patients have atlantoaxial anatomy that precludes
safe bilateral transarticular screw fixation"'**".

We assumed that the ideal posterior atlantoaxial fusion tech-
nique would achieve a higher bony fusion rate without the addi-
tion of an external halo orthosis and would be an easy surgical
technique with a low risk of spinal cord or vertebral artery injury.

Nitinol is a shape memory alloy of nickel and titanium. It has
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shape memory character in that it is flexible and easily deformed
below 10°C (50°F) but regains its initial form, produces large
forces, and becomes rigid when heated up to 30°C (86°F). It
also has high fatigue strength, moderate impact resistance, and
biocompeatibility'?. Several spinal surgeons have focused on this
characteristic and used this material in lumbar, thoracic and
subaxial cervical spinal surgery. Kim et al.'”” have reported the
usefulness of a nitinol memory loop in surgical treatment for
lumbar degenerative disorders using it as the posterior column
supporter. Yu et al* have reported the use of shape memory
loop in posterior subaxial cervical spinal fusion in an anterior-
posterior combined approach.

We used a nitinol memory loop in posterior atlantoaxial fu-
sion as a posterior column supporter. The nitinol memory loop
technique has several advantages over other previous fixation
techniques. This technique is similar to that utilizing interlami-
nar clamps in that immediate fixation is achieved, and the risk
associated with sublaminar wires is avoided. However, inter-
laminar clamps can create an indentation on the thecal sac. We
think, as the memory loop system has a smaller profile and oc-
cupies smaller space for available cord than interlaminar clamps,
the risk of spinal cord compression is low.

We achieved a 100% bony fusion rate without the help of an
external halo orthosis. This indicates that this new technique
can produce a higher bony fusion rate and stability than poste-
rior wiring techniques. Second, we accomplished atlantoaxial
posterior fusion without vertebral artery or neural tissue injury.
This technique might avoid the surgical complications seen in
C1-2 screw and rod fixation techniques. Also, it is relatively
easy to apply the loop without the need for wide muscle dissec-
tion for pedicle screw fixation. The technique has a shorter op-
eration time and does not need preoperative imaging studies of
vertebral artery anatomy.

However, there are several limitations to this technique. Simi-
lar to posterior wiring or interlaminar clamps, this technique
can be used only in cases with intact posterior C1 and C2 ele-
ments. Thus, it cannot be used when laminectomy is required
or when there is trauma-induced disruption of the posterior el-
ements. In addition, the nitinol loop produces large forces with
a shape memory effect, but the stiffness is not strong as that of
cortical bone or screw and rod fixation systems'?. Although we
used a smaller length of the loop than that of the measured dis-
tance between the upper C1 and lower C2 rings, we maintained
graft stabilization without subsidence of loop into the rings due
to the aforementioned mechanical behavior of the nitinol loop.

Further investigation with more subjects and a longer follow-
up period is required to determine the utility of the nitinol loop
as a primary fusion construct.

CONCLUSION

For patients with atlantoaxial instability, posterior fixation
with nitinol shape memory alloy is an alternative method of
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posterior C1-2 fusion. We believe that surgeons can reduce the
operation time and technical demand of screw fixation with this
technique and may avoid the risk of VA or neural tissue injury.
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