Review Article

Diagnosis and management of isolated C1 fractures:

A systematic review

ABSTRACT

Obijective: Atlas fractures are a common craniocervical injury, often resulting from trauma. However, diagnosis and management of atlas
fractures continues to be the subject of controversy. We aimed to characterize the factors related to diagnosis of atlas fractures, delineate
important considerations in selecting the optimal management for a patient with an atlas fracture, and compare outcomes of surgical and
conservative management.

Methods: We performed a systematic review using PubMed, Embase, and Scopus to identify articles that analyzed diagnosis and management
of isolated atlas fractures published between 2013 and 2020. Titles and abstracts were screened. Studies meeting prespecified inclusion criteria
were reviewed in full.

Results: Of 305 resultant articles, 13 were included. C1:C2 ratio and lateral mass displacement (LMD) were used to predict transverse
atlantal ligament (TAL) injury. Surgery promoted high fusion rates overall. Stable atlas fractures achieved high fusion rates with conservative
management, while spinal fusion promoted greater fusion rates than halo vest immobilization management for unstable fractures. Visual Analog
Scale scores, range of motion, and/or LMD improved after surgery. LMD increased for unilateral sagittal split fractures with TAL injury after
conservative treatment.

Conclusion: Stable atlas fractures can be sufficiently treated conservatively. Unstable atlas fractures can be managed both conservatively
and surgically, while surgery is associated with favorable outcomes for unstable isolated atlas fractures. Future studies are necessary to further

guide risk stratification and treatment approaches in management of the patients with isolated atlas fractures.

Keywords: Atlas fracture, atlas fractures, C1 fracture, C1 fractures

INTRODUCTION

Atlas fractures comprise 25% of craniocervical injuries, 10.6%
of all cervical fractures, and 1%-3% of all spinal injuries.!"?
The incidence of atlas fractures is rising, particularly in the
elderly population.' Although motor vehicle accidents are
responsible for 80%-85% of all atlas fractures, with injury
resulting from axial loading, the type of atlas fracture depends
on the speed of axial force impact.?* Approximately 19%—44%
of all atlas fractures are associated with an additional axis
fracture, while 7% are associated with an additional subaxial
cervical fracture.?

Management of atlas fractures varies depending on factors
such as cervical stability, physician preference, and type
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of fracture. The transverse atlantal ligament (TAL) is often
torn in atlas fractures, rendering the upper cervical spine
unstable.?>® The Rule of Spence stipulates that lateral mass
displacement (LMD) >6.9 mm is associated with TAL tear.?!
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Dickman et al. instead recommended the use of magnetic
resonance imaging (MRI) to more accurately ascertain TAL
injury, classifying atlas fractures depending on ligamentous
or avulsion injury of TAL.®l While stable atlas fractures have
traditionally been managed with cervical collar or halo vest,
unstable atlas fractures have been treated surgically or with
halo vest.”” However, diagnosis and management of atlas
fractures continues to be the subject of controversy.

Given the lack of clear guidelines regarding diagnosis and
management of isolated atlas fractures, we conducted a
systematic review of recent literature to examine the scope
of management of isolated atlas fractures. We aimed to: (1)
characterize the factors related to diagnosis of atlas fractures, (2)
delineate important considerations in selecting the optimal
management for a patient with an atlas fracture, and (3) compare
outcomes of surgical and conservative management. Our
findings may guide neurosurgeons and orthopedic surgeons in
diagnosing and managing patients with atlas fractures.

METHODS

A systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines to investigate the
diagnosis and management of atlas fractures.® PubMed and
MEDLINE (National Library of Medicine), Embase (Elsevier),
and Scopus (Elsevier) were searched in for articles using the
keywords: “atlas fracture,” “atlas fractures,” “C1 fracture,” “C1
fractures,” “Jefferson fracture,” and “Jefferson fractures.” The
following restrictions were applied for the search: published
in or translated into the English language, published between
2013 and 2020, and with abstract and full text available. The
search included only articles after 2013 because the focus of
this systematic review was to identify developments in the
diagnosis and management of atlas fractures since the last
systematic review was published in that year.”! The protocol
for this systematic review was not registered, and no funding
was received.

After completing the search, duplicates were removed. The
remaining articles were screened for relevance by title and
abstract. Articles included for full-text review were screened
for final inclusion based on the following prespecified
inclusion criteria: diagnosis of isolated atlas fracture and
describing diagnostic considerations or outcomes of
conservative or surgical management. A second reviewer
replicated the screening, and disagreements were reconciled.

After articles were selected for inclusion, a review was
conducted of study characteristics including bibliographic

data, aim, design, participants, diagnosis, management,
and outcomes. Outcomes were prespecified. The primary
outcomes of interest were fusion rate and clinical
improvement. Secondary outcomes were Visual Analog
Scale (VAS) score, range of motion (ROM), radiographic
measurements, blood loss, operative time, neurologic
improvement, disability, and complications. Critical appraisal
of included studies was performed by adapting levels of
evidence for prognostic studies previously described."” The
Cochrane ROBINS-I tool was used to assess the risk of bias
for included studies."" A judgment on the overall risk of bias
for this systematic review was determined based on the risk
of bias for the included studies.

RESULTS

A total of 305 articles were returned in the database
searches, of which 13 articles were included in this systematic
review.'>?!l Figure 1 demonstrates the PRISMA flow diagram
for this study. Study design included 10 (73.3%) case series and
2 (20.0%) retrospective cohort studies and 1 (6.7%) prospective
cohort study. There were 10 (80.0%) single-country studies
and 3 (20.0%) collaborations. Of the single-country studies,
the greatest number of studies originated from China with 3
articles and Korea and the United States with 2 articles each.
All three collaborations were between China and the United
States. Given the case series-provided level IV evidence, this
study provides level IV evidence. There was a high risk of
bias overall.

Diagnosis

Three articles reviewed various diagnostic factors relevant to
the management of isolated atlas fractures [Table 1].1920:23]
All three studies examined TAL injury in patients with atlas
fractures. Lin et al. determined that a C1:C2 ratio >1.10
on radiographs had a sensitivity of 80% in predicting TAL
injury, while a C1:C2 ratio >1.12 had a 100% specificity. All
patients with ratio =1.15 had rupture confirmed by MRI or
computed tomography (CT)." Park et al. determined that
total LMD >5.9 mm and unilateral LMD >4.3 mm were
associated with TAL injury in patients with unilateral sagittal
split fracture of the lateral mass of C1.% Liu et al. reported that
LMD <6.9 mm was inaccurate in either excluding TAL injury
or predicting clinical outcomes in nonoperatively treated atlas
fractures, while LMD >6.9 mm accurately determined TAL
injury but not atlantoaxial stability.”®! Dickman’s classification
of TAL injury was more accurate in predicting atlantoaxial
stability for nonoperatively treated atlas fractures./?

Fusion rates
Ten articles reviewed treatment of patients presenting with
isolated atlas fractures [Table 2].I'*18:212224 Three studies
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Figure 1: (Original source) PRISMA flowchart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

utilized the Rule of Spence in the classification of TAL injury
and subsequent management.!'®132 All six studies examining
outcomes of unstable atlas fractures found favorable fusion
rates with any form of surgery,'>'4182224 while one study
examining stable atlas fractures found favorable fusion rates
with conservative management.!!

All five studies examining surgical management of atlas
fractures alone found high rates of fusion after surgery.!'>142224
Both studies examining C1 anterior transoral osteosynthesis
for unstable atlas fractures found 100% fusion rates and
preserved or improved ROM.I"*22I Studies with patients
receiving surgery involving C1 posterior polyaxial lateral
mass screw-plate fixation or C1 posterior limited construct
for unstable atlas fractures reported postoperative fusion in
all patients.'>'% Shatsky et al. found that 100% of patients
undergoing posterior open reduction and internal fixation for
C1 ring fractures attained fusion and the mean LMD decreased

from 7.1 mm to 2.4 mm.?¥ Both studies reporting fusion rate
for surgically and conservatively managed patients found
qualitatively superior fusion rates for surgically managed
patients, one in patients with unstable atlas fractures and
another for all atlas fractures.!'®?' However, poor fusion
rates were noted for patients with atlas fracture of the lateral
masses managed with surgery secondarily.”'!

Three studies examining conservative management found
high fusion rates. A study examining fusion rates for patients
managed with a halo vest found a fusion rate of 81.8%.!"%
Kim et al. examined a cohort of patients with atlas fractures,
of which 25 of 65 patients were unstable.'® A total of
43 patients were treated with rigid collar, 18 with halo vest,
and 4 surgically, and 54 of 65 patients demonstrated fusion.!"®!
Gehweiler Type 3 fractures, involving the posterior and
anterior arches, were associated with instability and halo vest
immobilization management." Another study found that

Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022 235



Chan, et al.: Diagnosis and management of isolated C1 fractures

Table 1: Studies examining diagnosis of isolated atlas fractures (original source)

Study Authors, Study Level of Risk Country  Age, mean Sex, Total Key findings

year  design evidence of bias (range) male (%) n
C1:C2 ratio is a potential Lin Case I\ High  New Zealand 59.1 14 (58.3) 24 C1:C2 ratio >1.10 on radiograph
tool assessing atlas etal., series had 80% sensitivity in predicting
fracture displacement and 2019 TAL injury
transverse ligament injury
“Rule of Spence” and Liu Case v High China 47.5(21-69) 8(61.5) 13 LMD >6.9 mm accurate in
Dickman'’s Classification etal., series determining TAL injury but could
of TAL Injury Revisited: 2019 not predict outcome of atlantoaxial
Discrepancy of Prediction stability after nonoperative
on Atlantoaxial Stability treatment. Dickman's classification
Based on Clinical Outcome was more accurate in predicting
of Nonoperative Treatment outcome of atlantoaxial stability
for Atlas Fractures after nonoperative treatment
Radiologic criteria to Park Case I\ High Korea 52 (32-69) 16 (61.5) 26  Total LMD >5.9 mm and
predict injury of the et al., series unilateral LMD >4.3 mm could

TAL in unilateral sagittal 2019
split fractures of the C1
lateral mass

be associated with TAL injury in
cases of unilateral sagittal split
fractures

LMD: Lateral mass displacement, TAL: Transverse atlantal ligament

conservative treatment, via Philadelphia Minerva brace or
soft collar, of atlas fractures resulted in an 80% fusion rate.!

Clinical outcomes

All four studies examining clinical improvement after surgery
for unstable atlas fractures reported clinical improvement
in all patients.!'>'*22l Five studies examined VAS pain
scores.['217182224 Tyo studies reported improvement in VAS
pain score in all patients after surgery.'>?? Another study
determined that the mean VAS pain score improved from
6.92 + 0.76 preoperatively to 2.08 + 0.64 postoperatively
in surgically managed patients and from 7.18 = 0.75 to
2.91 = 1.70 in patients managed with halo vest, with no
difference between the groups.!'8 One study determined that
neck VAS pain score significantly decreased in patients with
unilateral sagittal split fracture managed conservatively with
the TAL intact but not those with TAL injury.'” Shatsky et al.
reported a VAS score of 0.7 at last follow-up.?¥ Three studies
reported improvement in ROM to physiologic levels after
surgery for unstable atlas fractures,'>'¥ while one reported
improved ROM at 12 months with halo vest immobilization
relative to posterior cervical fixation for unstable fractures.!"®l

Radiographic outcomes

Four studies measured various radiographic values
including LMD.I"*17.18.241 Kim and Shin determined that
LMD significantly decreased after posterior C1 lateral
mass screw—C2 pedicle screw fixation relative to halo
vest immobilization.!" Two studies utilizing surgical
approaches of transoral osteosynthesis and posterior
osteosynthesis determined that LMD decreased after
surgery."*24 Kim et al. determined that LMD increased
in patients with unilateral sagittal split fracture and TAL
injury but did not change in those with TAL intact after

conservative management.!'”! Figure 2 represents a case
example of an atlas fracture.

Complications

Four studies discussing complication rates reported common
complications of venous plexus injury, screw displacement,
errant screw placement, pseudoarthrosis, pneumopathy,
thrombosis, cerebellar infarction, delirium, and additional
neurologic complications in patients managed surgically and
pin loosening or site infection, pseudoarthrosis, or death in
patients managed conservatively./'318.2124

DISCUSSION

Isolated atlas fractures make up a considerable portion of upper
cervical injuries, but presentation and management of such cases
vary. We conducted a systematic review to characterize the
literature describing the diagnosis and management of isolated
atlas fractures. While previous literature reviews have been
conducted,?°?>2° the most recent systematic review on isolated
atlas fractures was published in 2013. Since then, a number of
new studies have been published. Of note, we would also like
to recognize and further build on the recent recommendations
published by the Spine Section of the German Society for
Orthopaedics and Trauma in 2018.%' We describe the role of
diagnostic tools, such as the Rule of Spence, to underscore the
importance of fracture characteristics including stability and
type when determining the treatment strategy. Consideration
of these factors will enable spine surgeons to care for patients
with isolated atlas fractures more comprehensively.

Classification and diagnosis
Location of fracture and atlantoaxial stability are commonly
used to classify atlas fractures and dictate management

236 Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022



Chan, et al.: Diagnosis and management of isolated C1 fractures

“pIu0)

(€8) 1 uosiagjar ajqeisun
‘Juawaae|dsip Malog 19n1JSU0d Jo uonexi4
(g8) | :A1aBuns Buunp 19na] Ainfuraad paywi| pue uonanpay
(0v-9) 2z s|jopuet oN Ainfur snxajd snous), 03 pa1anoaal swaned | :\0Y VN (o0l) Z1L (o0l) ZL Jouajsod |9 Al Buiniesaid-uonouny
ainjoel}
(ww sefje s|qeisun
0€-92) Ww gz :sso| poojg uonexy 10} uonexy
(ulw zz1 aje|d-maios aje|d-mauos ssew
-89) ulw gg :awiy aAijeIadQ SSew [elaje) |eaie| |eixeAjod
jJoeUI [[B :snjels [ealbojoinaN |erxeAjod sejje Jouajsod
0'8L+G'C¢C VN ON VN pansasaid [|am ||e J\IOY (oo1) 2z (oo1) 2z (oo1) 2z Jouaysod 19 44 paubisap-jjag
(%) u
syjuow ipasn ipasn (%) u (%) u ‘(Buieay
‘dn-mojjoy wa)sig aguadg quawanoidun  ‘yuswanoidw  /uonepiosuod Aiabuns
jo ybuay uoneayisse|) Jo any suonealdwo? $awoano 13Yy1Q SYA |eaiui9 auoq) uoisny jo adA]l w anpesadg Apms
9102
(Z1=u) ainjoeyy “le ja iJanew Ajleas y1 ay) saop-sainjoely
VN se|ie ajqeisun 4! (0'6L) 6 (98-12) € vsn ybiy Al sallas ase) Aysieys Buti 19 o uonexyy Jo mainal aannvadsonal
(0z=u) aimoely vsn €102 yoeoudde |esosuely e Buisn sisayuAsoalso buu-|9
VN se[le a|qeisun 0z (0°09) Z1 (89-€2) L'LY ‘eUIY) uybiy Al salias asen “Ie 19 e\ aje|d Jouajue Aq Juswieal) ainjoely sejie ajgeisun
(auanmoely
Se[je paje|os! Hoyoa 8107  sauas Jajuaannw aAndadsold e uj sajel suonedljdwod
0 VN /M LS) €9 (9'a6) g€ (96-91) G'09 aduely  8eIIPoIA| Il annoadsold “[e 8 naf] pue uonepjosuod jo sisAjeuy :ainjoey |J
(5'19) 8 28l+9'6Y
:leaibing :leaibung sainjoely sefle a|qeisun Buiyealy 1o} uonezijiqowiul
(yz=u) aimaely (£9) £ ZELFL69Y uoyoa 6102 1S8A 0[ey J0 UONEXI) Y)IM uorjanpal [ealbins saye
Ll se[le a|qeisun vz :9AIJBAISUOY  :BAI}RAIASUO) ©8I0Y  81RJAPOJ I anjoadsoljay “le 1o wry| S8W09)N0 [e21UINY pue [ealBojoipes Jo uostiedwio)
(91 =u) panlui Ssewl |elaje|
VL uoyo3 6102 19 Jo sainyoeuy Jjds [enibes |eiaje|iun 1oy Jualuyeal)
9z (01=u) 3083U1 YL 9z (6°19) 91 (69-€) 25 B8I0Y  81RJAPOJ I anjoadsoljay “le 1o wry| 9AI]BAIASUOI JO S3W02IN0 [e21B0j0IpEI pUE [eDIUI)
(op=u) ainyoely
seje 9|qel1s
(Gz=u) ainoey 8102 sjualied 69 Jo Apmg anijoadsonsy v
19 Sepe ajqeisun a9 (805) €€ (06-91) L'¥S vsn by N Salias ase) “[e e wiy '$ainjoel] Se[ly paje|os] Jo Juswabeue|y
(aumoely
(L1=u)ainoely  sepe paje|os ¥10Z “/e 18
Ll seed|qelS  yum ||) og VN VN elpu| uybiy Al salias ase) [ewey 1San0|eH Jo 8]0J SaLNful SIXe pue sejy
(z1=u) aimoeyy vsn 7102 SISaYIUAS08)S0
VN Se[le a|qeisun Zl (£99) 8 (29-€2) €& ‘eUIY) ybIy N NEIIENEN-R “Ie ja N4 |eJOSUBI} JO SHNSBY :SaINJORI) UOSIBYa[ B|qeIsufn
"JONIISU0Y paywi
(zL=u) aimaely ¥102 101183504 |9 e Buisn sainjoelq uosiayar ajqelsun
VN Sefie a|qeisun 4} (£'99) 8 (09-0z) 9°'G¢ eulyy ybi4 N Salies ase) “[e 18 ny Jo uonexi pue uononpay buiniasaid-uonoung
(zz=u) aimoaely 7102 aInjoelj Se[1e a|qeisun 1oy uoijexiy aje|d-maias
VN sefie a|qeisun A4 (LzL) 91 (89-€2) 5'cv eulyy ybiy Al sa11as ase “le 18 9H ssew [esale| |erxeAjod seje Jousysod paubisap-jjas
salnsuajaeleyo (%) ajew (abueu) selq  3Juapina ubisap leak
U 3A1BAIASUOY) 10yo9 u |ejoy ‘xag ueaw ‘afy  Anunog  joysily  Jo [ana Apmg ‘'sioyiny Apmg

(@21nos jeuifio) sainjoely sepe pajejosi jo yuawabeuew Buujwexa saipnyg :Z ajqel

237

Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022



Chan, et al.: Diagnosis and management of isolated C1 fractures

1sod ww g'|

0} a1d ww G| :39e3ul YL
‘|leAJB)UI SUBP-0JUB|Y

1sod ww /'y

01 aud ww ¢y :painful 1YL

1sod ww

1'1 03 81d wuw | :30e3ul L
“AINT [elR3efiun

SSew |esale| |9
Jo sainjoeyy jjds
|eBes |esalejiun

1s0d /9 1sod 10} JuawWIeal}
01 a1d ww §°G :painful 1YL [y o1aidgg aAI}BAIaSU0D
1sod wwi z'| :paunlur Ty 0 S8WO09IN0
03 a1d ww g'| :39e3Ul 1YL 1sod |z 03 aud |eaiBojoipel
‘AT L eeul L VN VN VN pue eaiuny
a|bue
Z2-Ind1220 40 ‘|ag 1AV ‘AN
10 $8109S LN Jo ‘|yuelq
'VISY Ul uoISny INOYHM asoy}
pue uoisny pauleyie oym
9S0Y) UBdMI( 8IUBIBYIP ON sjualled 69
ainjoely z adA| Jajlamyan jo Apmg
pue ‘Anful jo wisiueydaw anjoadsonay v
SE JUapI29e. 3|IIY3A J0J0W :saInjoeld Sely
‘abe ypm pajeroosse palejos| jo
uoisn} aAaIY9e 0} ainjieq VN VN (1°€8) ¥ VN Juawabeue||
1SaN0[eH
Jo 8j01 saunful
VN VN VN (818) 6 VN SIxe pue sepy
(i
005-001) 1w 0OE :ss0| pooig
(ww g-1) ww
0’| :UOISUB]X3 pue UOIX3|}
UsamMIaq |y Ul duaiayiq
1s0d (Ww G'g-|) Wwi G'¢
03 a1d (ww Z|-G) ww '/
‘ann
uonelol (z/-G¢) 06
‘Jybus 0y Buipuaq |esale|
.87 ‘ya| 03 Buipuaq [elale| sIsayjuAsoalso
,0€ ‘UoISUAIXa (8%-08) oZ¥ sIsayuAsoalso |eJosueu Jo
uoixal} (04-82) .S€ |elosues) S)|nsay :sainjoel}
‘INoY VN (oot) z1 (oot) z1 Jlolsue |9 uosIagar ajqeisun
"JonIIsuU0Y paywi]
loualsod | e
Buisn sainjoely
(%) u
(%) u (%) u ‘(Butjeay
quawanoidwn  ‘yuswanoidwi  /uonepijosuod Aiabans
SaWo9INo 13410 SYA |eaiujg auoq) uoisn4 jo adAp Apmg

"'puoy g 9|qel

Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022

238



Chan, et al.: Diagnosis and management of isolated C1 fractures

= pIU0)

(eLe
-G'GL) 6°€Z

SETEIEL)
‘s|jopuen] Sap

[e483EIUN YUM UONIBJUI
lej|agasa) :eaifing
(1'6) L :ss89sqe UIRIG

:Buiuasoo| uid juanbai4

ww Z0'L¥99°0
RN EVENTG)]
:uononpail |qy
(eL=u [e303) %69/ :[e21BINg
(oL=u
1€101) %0€ :9AIIRAIBSUOY)
:uoIjoejSIles jualied
G6'LFGL'L :[ea1Bing
mw.mH [Z1] ”m>_«m>‘_mmcou
:xapu| Ayjigesiq o8N
1sod ww Gg'L 5|/ 03 8.d
ww /G’ F €01 ‘[eabing

(£7L) | :uoisnj220 1sod

Aiaypie |eigapan ww 60°'ZF '8 03 aud ww

81'L F/E'6 :OAIRAIBSUOY)
:uoje|suel} [e1a3e| Jo Wng
ww 17 L 1Z'€ :[ealbing

(%60°6) L wuw

:U01198jul 8YIS Uld 69°ZF L6°0 :9AIRAIBSUOY
(z1ze ‘dINIT 0 uondnpal uesip|

S)99M §'EF 16| :[ed1bing

SYeaM G801+ 1€Z2Z

:8AI1}RAIBSUOY)
:U0ISN-0)-aWI |

%G LE :painlul Ty|

%08 3oeul

V1 :Uonoejsies juaied

1s0d .£°86

01a.d 8201 :paunlui Ty|

1s0d £°G01

03 84d ,6°G0 1 308! TYL
:9|Bue
sixe juiof [endiao0-ojuey

1s0d 7'Gpl

03 a1d ,9°GG | :painfur 1|

1s0d ,G°1G1

03 84d ,8"pG | 30BIUI TYL
:9|Bue [euea-snalg

1s0d ww 9'z

03 a1d ww 'y :painful Ty

1sod ww /¢

03 a1d ww Z'p :39e3ul Ty
‘|eAlalul [RJUBP-UOISEY

1sod ww

¢ 01 a1d ww z :painful Ty

(eLz) e
:SIS0JyLIBOPNASY
:9A1}RAIBSUO)

anijesadoisod
79'0+80C 0}
anneladoad

9L'0+26'9

‘|leaifing
1sod

0L'1+16'C 0}
aid gL 0F8LL
:9MI}eAISUO) VN

(oo1) €L
:A1abing

(LzL) 8
EINEIVENTG)

uoisn} z3-19

sainjoel}
Se[le a|qeisun
Buneal oy
uoijezIjiqoww }saA
0[ey 10 UONEXI)
UHM uonanpal
|eaibuns Jaye
SaW09IN0 [BIIUI|D
pue |eaiBojoipes

Jo uosiiedwo?

syjuow
‘dn-mojjoy
jo ybuay

ipasn ipasn
walsAg aouadg
uoneayisse|y Jo ajny

suoneayjdwos $aWo0INo IayQ

(%) u (%) u
“quawanoidwn  ‘yuswanoidu

SVA leatuny

(%) u
‘(Buijeay
/uonepijosuod
auoq) uoisng

Miabians
jo adAj

u annesadg

Apms

"'puoy g 9|qel

239

Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022



Chan, et al.: Diagnosis and management of isolated C1 fractures

= pIU0)

(L91)1

:uoIeXly [euIBU|
(€°€€) Z :oeipre]

(eeglz
:Ayjedownaug
:A1abuns Asepuodag
(681
:uonexly [euaiu (eee) e
(8°11) Z :91BojounaN :A1abuns (9=u) A1abuns
(87L1) Z :wnujaQ Alepuodag Atepuodag
(6°G) | :sisoquioay | (001) 9429 (9=u)x3 22
811z -19 40y Atabuns -9 1oy uonexiy S$9113S Jauadinw
:Ayredownauy Aewiy 29-19 Jouaysod annjoadsoud
:A1abins Asewig (00L) LL X4 Aewiy e Ul sajel
(g'2) | :sai0s pag 19 1o} A1abuns (L1=U) x4 suoijeldwod
(g°2) 1 :Ayredownaug Aewiy 19 Joj uonexiy pue uoI}epI|0SU0d
(0°g) Z :yreeq (0°08) z¢ 29-19 Joua)sod jo sishjeuy
Jeah |-syaam g uostayapr Sap :9MI}BAIASUO) VN VN VN :9AI}BAIASUO) Atewid £z :a1moely 19
uoisuaIxa z9-19 (.9°'1€
~2G'81) o8'€ ‘UOIX8} 2D-19
(:9'L2--€91) ,6°LZ ‘INOY
29719 (Z'65--8'VE) -8'GY
‘uoisualxa £3-23 (.21
L'GL) oZ'LE ‘UoIxal}
£3-23 (6'€€-:9Z) o£°0€
‘INOY L3-2D (€72L
~29'67) oLG"19 ‘BIMeAINd
[BOINIBI (oL LZ-01°E) 6701
:lealbing
uoISuaIXa z9-19
(:6€-05"LZ) -GZE “u0IXal} 79
-13 (:9€-0t"12) -6°8Z INOY
2919 (oL L-c2'6Y) 0G°19
‘uoisua1xa £3-23 (. €
~51'22) o662 -UoIxal}
£3-23 (6'09-2€) oL'LY
‘INOY £3-2D (-2’86
“€1G) 69"LL ‘8IMeAInd
[e9INBD (.8 1-:2'8) o0°L
:9AI)BAIASUO)
‘INOY
ww 8oL ¥ Lp'L :[ealBing
(%) u
styjuow ipasn ipasn (%) u (%) u *(Bunjeay
‘dn-mojjoy walsAg aouadg quawanoidwn  ‘yuswanoidwi  /uonepijosuod Aiabans
jo yibuaq uoneayisse|) o ajny suonesldwo? SaWo9INo 13410 SYA |eaiujg auoq) uoisn4 jo adA] w annesadg Apmg

"'puoy g 9|qel

Journal of Craniovertebral Junction and Spine / Volume 13 / Issue 3 / July-September 2022



follow-up,
months
48.5+20

Length of

System
used?
NA

Rule of Classification
Spence
used?
No

Complications

NA

ROM: 39.0°+12.0° at

Other outcomes
postoperative

VAS

improvement,
n (%)

20 (100)
6.0+1.3 pre to
1.3+1.0 post

Clinical
improvement,
n (%)

20 (100)

Fusion (bone
consolidation/
healing),

n (%)

20 (100)

surgery
C1 anterior
transoral

Operative n  Type of
20

Table 2: Contd...

Study
Unstable atlas
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approach. Several classification systems are used to
categorize atlas fractures based on location. The Jefferson
classification divides atlas fractures into those of the posterior
arch, anterior arch, anterior and posterior arches, and lateral
masses.”?”! The Gehweiler classification groups fracture
into those of the posterior arch, anterior arch, anterior
and posterior arches (distinguishing between stable and
unstable), lateral masses, and transverse processes.?®! The
Landells classification categorizes fractures based on those
involving a single arch, both arches, and lateral masses.! In
this review, studies most commonly utilized the Landells or
Gehweiler classifications systems if stated.

17.3

Landells

No

Diagnostic rules such as the Rule of Spence and Dickman’s
classification are commonly utilized to predict atlantoaxial
stability via determining the status of the TAL, a major
stabilizer of the upper cervical spine. In particular,
Dickman'’s classification recommends the use of MRI, which
can evaluate for ligamentous injury via the presence of
high-intensity signal, for identifying TAL disruption.®?! Of
note, a further study in 2013 reinforced the utility of MRI
over bony displacement measured on CT for detecting TAL
injury (while we thought that these results were pertinent
to mention, this particular study was not included in this
review due to a majority of its patients presenting with
combined C1 and C2 fractures)." Ultimately, evidence-based
application of these diagnostic rules is unclear. The Rule of
Spence was not universally used to guide the management
of isolated atlas fractures in the studies included in this
review. Meanwhile, Dickman’s classification may be superior
to the Rule of Spence in identifying TAL injury and predicting
posttreatment stability after conservative management of
atlas fractures.”” Other heuristics have arisen, including a
C1:C2 maximal width >1.10 as predictive of TAL injury!"!
and a novel diagnostic rule for predicting TAL instability in
unilateral sagittal split fractures.” Clearly, while Dickman’s
classification seems to be increasingly favored for identifying
TAL disruption, the optimal classification system for isolated
atlas fractures remains to be determined.

Occipital-C1 arthrosis:

Errant lateral mass
screw placement
1(8.3)

1(8.3)

101.412.9 min (76-124 min)

LMD: 7.1 mm pre to 2.4
TAL injury on MRI: 11 (91.7)

mm post
ADI =4 mm at last

Operative time:
follow-up: 0 (0)

0.7+1.6 at
last follow-up

NA

12 (100)

Stable atlas fractures

Stable atlas fractures, commonly those of the anterior arch or
posterior arch, occur primarily as a result of axial compression
in combination with flexion/extension forces.?”3" Traumatic
axial load, such as from motor vehicle accidents and falls on
the head, is translated in the transverse plane towards the
lateral masses.?”3! The attachment points of the anterior
and posterior arches to the lateral masses are weak points
prone to fracture, thereby explaining the propensity of atlas
fractures in these locations.””?!l In contrast with unstable
atlas fractures, stable fractures present with intact transverse

osteosynthesis
C1 posterior
osteosynthesis

12

VAS: Visual Analog Scale, ROM: Range of motion, LMD: Lateral mass displacement, NA: Not available, TAL: Transverse atlantal ligament, BDI: Basion-dens interval, ADI: Atlantodens interval

fracture treatment

by anterior
review of fixation

using a transoral
of C1 ring

approach

A retrospective
fractures-does

the TAL really

osteosynthesis
matter?

plate C1-ring
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Figure 2: (Original source) A 68-year-old female who suffered a motor vehicle accident. She presented with neck pain and her neurological examination
was normal. Axial CT scan showed a type 3 C1 fracture (arrows, a). Note the 6 mm “overhang” of C1 lateral mass over C2 facet on the coronal CT (arrow,
b). Magnetic resonance imaging STIR sequence demonstrated transverse atlantal ligamentous disruption (arrow, c). The patient was treated with a rigid
collar for 3 months. One-year follow-up CT shows partial healing of the fracture (d). A 2-year follow-up CT showed total healing of the fracture (e) with a

stable lateral overhang (f). CT: Computer tomography

ligaments and cervical stability is preserved. Therefore,
conservative techniques such as rigid or soft collars or halo
immobilization have traditionally been sufficient to heal
fractures and treat stable atlas fractures. Our systematic
review indicates that high fusion rates can be attained with
conservative management.!'>1621l

Unstable atlas fractures

Jefferson burst fractures accompanied by injured transverse
ligaments may require surgical approaches to ensure
stability. Although halo vest management may sufficiently
treat unstable atlas fractures,"" spinal fusion is increasingly
utilized and reported in studies due to possibly poorer
functional and neurologic outcomes and greater complication
rates with halo vest immobilization.I"s! A recent study
suggested that patients undergoing C1-C2 fusion have
more favorable fusion rates, time-to-fusion, Neck Disability
Index scores, and radiographical reduction in LMD than
halo vest immobilization, possibly because of the greater
control conferred by surgical techniques.!" A variety of
other surgical procedures have been proposed for unstable
atlas fractures to contend with issues of stability and ROM.
Atlas osteosynthesis may be applicable in cases of Jefferson
burst fractures when ligament recovery is possible, with
the possible benefit of preserving cervical ROM.I"#22.24]
Other studies have proposed novel surgical techniques with
favorable outcomes but remain limited by sample size and
study numbers.['2"3

A rare type of atlas fracture — a unilateral sagittal split
fracture — presents unique management considerations

including cervical instability. The initial case series reporting
this condition described patients recovering from unilateral
sagittal split fracture experiencing cock-robin deformity
and requiring surgical fusion.*?! Therefore, unilateral
sagittal split fractures may be classified as unstable. A study
in this review further clarified that unilateral sagittal
split fractures accompanied by TAL injury are associated
with worse radiographical outcomes and non-significant
VAS improvements than those without TAL injury after
conservative management.!'”! Early surgical treatment may,
therefore, be considered in patients with unilateral sagittal
split fracture with TAL injury to mitigate clinical deterioration.

Future directions

Larger scale prospective and retrospective studies are
necessary to further guide management. Future studies
should seek to develop more comprehensive, precise, and
accurate classification systems and/or diagnostic rules for
isolated atlas fractures by considering location, instability,
and associated TAL injury in tandem. Studies should
determine the optimal conservative management strategy
for stable fractures. Future studies should also rigorously
compare outcomes and complications between surgery
and conservative management for unstable atlas fractures.
Additional studies should examine patient-specific factors
to allow for development of concrete management
algorithms for patients with unstable isolated atlas
fractures. These studies should report uniform outcomes
including fusion rate, clinical outcomes such as VAS scores
and ROM, and radiographic outcomes such as LMD in the
same manner.
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Limitations

There are several limitations in this study. Only published
results with full-text manuscripts were included, placing
results at risk for publication bias. Studies reporting low
fusion rates for surgical management of atlas fractures may be
underrepresented in the literature, leading us to overestimate
the efficacy of the surgery for atlas fractures. In addition, the
level of evidence was low, as most included studies were
case series. No randomized trials were identified, although
it is unlikely that a randomized trial could be conducted for
this topic. The included studies were at high risk of bias
due to retrospective nature and study design. Only studies
written in or translated into the English language were
included, perhaps excluding interventions well received in
other regions. In addition, a variety of surgical approaches
were utilized in the included studies, preventing us from
determining which surgical approach may be associated with
the greatest rates of VAS pain score or clinical improvement
and under which circumstances different surgical approaches
should be utilized. Heterogeneous outcomes were reported,
preventing us from comparing a variety of outcomes across
studies. Finally, no meta-analysis was conducted as part of
this systematic review due to heterogeneity in reported
outcomes and limitations in strength of data and sample
size. Accordingly, although we could make assumptions
from our analysis, we could not draw statistically significant
conclusions. However, we present a robust review of the
recent literature on isolated atlas fractures.

CONCLUSION

We present a systematic review of the diagnosis and
management for isolated atlas fractures, highlighting the
importance of instability and fracture type. Existing literature
indicates that stable isolated atlas fractures may be treated
conservatively with reasonable fusion rates and clinical and
radiographic outcomes, while surgery is associated with high
fusion rates and improved clinical and radiographic outcomes
for unstable isolated atlas fractures. Future studies are
necessary to further guide risk stratification and treatment
approaches in management of the patients with isolated
atlas fractures.
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