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Odontoid fractures are the most common of all spinal frac-
tures for patients older than 70 years of age. These fractures
typically present significant challenges as geriatric patients
often have multiple clinical comorbidities that may adversely
affect fracture management. Numerous studies have demon-
strated high rates of mortality with these injuries in elderly
patients regardless of intervention.1–4

Treatment options for displaced odontoid fracturesmay be
conservative or surgical. Alternatives include the use of a
cervical collar, halo vest, posterior C1–2 fusion with rigid
fixation, and odontoid screw fixation. Presently, there is no

consensus regarding which method is most efficacious. Ex-
ternal immobilization with a collar has had inconsistent
reported results.5–8 Halo vest immobilization in the elderly
is associated with significant complications, increased mor-
bidity, and high rates of nonunion.3 In addition, elderly
patients having surgery for type II odontoid fractures have
a higher risk of complications including mortality.9

Management of geriatric patients with odontoid fracture
should be focused on rapid mobilization of the patient in a
collar or after surgical stabilization. Many spinal trauma
specialists feel the halo vest should be avoided in this
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Abstract Controversy exists as to the most effective management option for elderly patients with
type II odontoid fractures. The purpose of this study is to evaluate outcomes associated
with rigid cervical collar and posterior fusion surgery. Patients with � 50% odontoid
displacement were treated with posterior fusion surgery including C1–2 (PSF group,
n ¼ 25, average age ¼ 80 years). Patients with < 50% odontoid displacement were
treated with a rigid cervical collar for 12 weeks (collar group, n ¼ 33, average age ¼ 83
years). These inhomogeneous groups were followed for an average of 14 months.
Fracture healing rates were higher in the operative group (28% versus 6%). Neck
Disability Index scores were slightly lower in the nonoperative group (13 versus 18.3,
p ¼ 0.23). Analogue pain scores were also slightly lower in the nonoperative group (1.3
versus 1.9, p ¼ 0.26). The mortality rate was 12.5% in the collar group and 20% in the
operative group. Complications were higher in the operative group (24% versus 6%).
Rates of type II odontoid facture healing and stability appear to be higher in geriatric
patients treated with posterior fusion surgery. Fracture healing and stability did not
correlate with improved outcomes with respect to levels of pain, function, and
satisfaction. Mortality and complication rates are lower in those patients with lesser-
displaced fractures who are treated with a cervical collar and early mobilization.
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population.10 The existing literature remains unclear as to the
most effective management option for geriatric type II odon-
toid fractures and significant controversy still exists. Further-
more, outcomes for those patients who do not achieve fusion
or fracture healing after treatment remain unclear. The
morbidity of odontoid nonunion in this population is also
not well defined.

The purpose of this study is to evaluate fracture healing
rates, functional outcomes, complications, andmortality asso-
ciatedwith rigid cervical collar and posterior fusion surgery for
the management of geriatric type II odontoid fractures.

Methods

Institutional Research Review Board approval was obtained
for this study. From 2003 to 2011, 58 consecutive patients
over age 65 years with acute type II odontoid fractures were
treated by the same fellowship-trained spinal surgeon (R.W.
M.) at a level 1 trauma center. Odontoid fracture displacement
was measured on the initial injury computed tomography
scan sagittal images. Patients with 50% or greater odontoid
displacement were treated with posterior fusion surgery
including C1–2 (PSF group, n ¼ 25, average age ¼ 80 years).
Patients with less than 50% odontoid displacement were
treated with a rigid cervical collar for 12 weeks (collar group,
n ¼ 33, average age ¼ 83 years).

Hospital and outpatient chart reviews were performed
evaluating patient comorbidities, treatment complications,
and mortality rates. At the time of ultimate follow-up, pa-
tients had openmouth, flexion, and extension radiographs to
assess fracture stability and healing. Additionally, functional
outcomes were assessed using Neck Disability Index (NDI),
analogue pain, and satisfaction questionnaire scores at the
time of ultimate follow-up.

Study parameters included fracture healing, fracture sta-
bility, treatment complications, mortality, and functional
outcome comparison between the collar and PSF groups.
Additionally, functional outcomes (NDI, pain, and satisfaction
scores) were compared between those patients who devel-
oped hypermobile nonunion and those patients who had
stable fracture union.

Results

Thirty-three patients were identified as having less than 50%
odontoid displacement on initial imaging studies and were
treated with a Miami J-type rigid cervical orthosis (collar
group). None of these patients presented with a neurological
deficit. Sixteenweremen and17werewomen. The average age
of the patients was 83 years with a range from 65 to 91 years.
Each patient was identified as having significant medical
comorbidities. The average number of comorbidities for the
patients treated with cervical collar immobilization was 4.3
with a range from 1 to 10 comorbidities (►Table 1). Patients
were instructed to wear their Miami J cervical collar 24 hours
day for a period of 12 weeks. They were also provided with a
second cervical liner for showering. Routine follow-up visits
were performed at the 2-week, 6-week, and 3-month post-

injury periods. Twenty-eight patients (85%) were available for
additional clinical follow-up beyond the 3-month postinjury
period. In the PSF group, mean follow-upwas 13.7 (0.25 to 48)
months. Patients in the collar group were followed for an
average of 13.9 (2 to 48) months. There was no prescribed
limitation on physical activity for any patient who developed
mobile odontoid nonunion in the postoperative period.

Twenty-five patients had initial fracture displacement
greater than or equal to 50% (►Fig. 1) and were treated
with instrumented posterior fusion including C1–2 (PSF
group). Fifteen were men and 10 were women. The average
age of the patientswas 80 years with a range of 65 to 90 years.
Comorbidities for the PSF group averaged 5.4 with a range of
1 to 10 (►Table 1). Two patients presented with neurological
deficit (American Spinal Injury Association classification B),
and one patient had a noncontiguous spinal injury (C6
fracture). All 25 patients had posterior fusion surgery includ-
ing C1–2 performed by the same surgeon (R.W.M.). The
surgical technique for posterior C1–2 fusion consisted of
the use of bilateral C1 lateral mass screws and C2 fixation
using either C2 pedicle or translaminar fixation. C1 lateral
mass and joint exposure was facilitated by intentional sacri-
fice of the bilateral C2 nerve roots along with decortication
and local autogenous bone grafting of the bilateral C1–2
joints. Nine of the patients had additional fixation below
the level of C2 due to either dysplastic C2 pedicular anatomy
or severe osteoporosis. None of the 25 patients had iliac crest
bone graft harvesting. Operative time, estimated blood loss,
hospital stay length, and preoperative complications were
recorded for each patient. Patients were evaluated for routine
clinical follow-up at 2 weeks, 6 weeks, and 3 months. Nine-
teen patients (76%) were available for longer-term follow-up
greater than 3 months after injury.

Fourteen of the 25 patients in the PSF group had isolated
C1–2 posterior fusion using bilateral C1 lateral mass and
either C2 pedicle or translaminar bilateral fixation. Eleven
patients in the PSF group had C1–2 posterior fusion including
at least one additional level of spinal fixation. Surgical time for
all 25 patients in the PSF group averaged 109 minutes with a
range from 56 to 229 minutes. Estimated blood loss averaged
319 mL with a range of 100 to 700 mL. The average hospital
stay length for the PSF groupwas 7.1 days (range 2 to 20 days).

The average follow-up time was 14 months for all patients
with a range of 3 to 48 months. Eighty-percent of all elderly
study patients have at least 6 months of follow-up.

Both the collar group and the PSF group had similar
average follow-up times (versus months). Age and number
of comorbidities were also similar in both the PSF group and
the collar group (age 80 and 5.4 comorbidities versus age 83
and 4.3 comorbidities).

Mortality
Mortality rates were 12.5% (4/33) in the collar group and 20%
(5/25) in the PSF group (►Table 2). One-year mortality was
also higher in the operative group (20% versus 6%). Two
perioperative deaths occurred in the PSF group. Both of the
patients in the PSF group who died in the immediate postop-
erative period had at least six defined medical comorbidities
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Table 1 Patients and treatments

A: PSF Group

Gender Age
(y)

Treatment Estimated
blood
loss
(mL)

Surgical
time
(min)

Hospital
Stay
(d)

Complications Follow-up
(mo)

Comorbidities

M 89 C1-2 PSF 200 229 3 18 1. T cell Leukemia 2. HTN

M 67 C1-2 PSF 300 151 4 24 1. HTN

M 85 C1-2 PSF 300 120 4 CSF leak 36 1. CAD
2. Dementia
3. Afib
4. Hypercholesterolelmia
5. Osteoporosis

6. Anemia
7. GERD
8. Peripheral
neuropathy

9. OA

M 79 C1-2 PSF 300 227 6 48 1. GERD
2. Anxiety

3. Depression

M 90 C1-3 PSF 300 108 10 Perioperative
death

0.25 1. Venous insufficiency
2. History of DVT
3. Hyperlipidemia
4. CAD
5. CHF
6. Type 2 DM

7. B12 deficiency
8. Prostate Ca s/p
TURP XRT

9. Ataxia
10. Chronic L facial droop

M 81 C1-3 PSF 550 180 13 Perioperative
death

0.25 1. Left eye blindness
2. AVR
3. Hypercholes

4. Dementia
5. HTN
6. Depression

M 88 C1-4 PSF 700 163 8 Deceased 1 1. DM
2. Prostate cancer
3. Hypothyroidism
4. Atrial fibrillation
5. Hypertension

6. Anemia
7. Hypercholesterolemia
8. Diabetic neuropathy
9. Diabetic
retinopathy

10. Chronic low
back pain

F 81 C1-5 PSF 100 123 20 48 1. HTN
2. Hypothyroidism

3. Bradycardia

M 85 C1-3 PSF 400 91 11 Deceased 2 1. DM
2. Hypothyroidism
3. Glaucoma
4. S/P head trauma
1992

5. HTN
6. Dementia
7. CVA

F 72 C1-2 PSF 500 85 4 40 1. Hepatitis C

M 74 C1-2 PSF 350 119 5 2 1. HTN
2. DM II

3. OA
4. MI in 1978

F 78 C1-2 PSF 200 96 10 6 1. Breast CA
2. Cataracts

3. Macular degeneration

M 79 C1-2 PSF 200 92 3 Deceased 2 1. Parkinsons
2. DM
3. Hyperthyroidism

4. BPH
5. HTN
6. Dementia

F 65 C1-3 PSF 50 92 4 24 1. Fibromyalgia
2. Congestive heart
failure

3. Hypercholesterolemia

4. Hypertension
5. Asthma
6. GERD

F 82 C1-3 PSF 150 95 4 9 1. Dementia
2. Depression
3. Chronic renal failure

4. Hypercholesterolemia
5. HTN

F 87 C1-3 PSF 150 90 4 8 1. Osteoporosis
2. HTN

3. Hyperlipidemia
4. Back pain

M 73 C1-3 PSF 150 90 4 20 1. MI
2. HTN
3. OA
4. Gout
5. Depression

6. Anemia
7. Bleeding disorder
8. RA
9. GERD
10. Stomach ulcers

M 81 C1-T2 PSF 700 110 4 9 1. Cataracts

F 67 C1-2 PSF 300 86 11 6 1. HTN
2. Hyperlipidemia
3. Diabetes
4. Gout
5. Kidney stones

6. Chronic renal
insufficiency

7. Lumbar disc disease
8. Osteoarthritis
9. Depression

(Continued)
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Table 1 (Continued)

A: PSF Group

Gender Age
(y)

Treatment Estimated
blood
loss
(mL)

Surgical
time
(min)

Hospital
Stay
(d)

Complications Follow-up
(mo)

Comorbidities

F 66 C1-2 PSF 100 83 2 6 1. HTN 2. DM

M 65 C1-2 PSF 500 65 6 5 1. GERD

M 86 C1-2 PSF 500 86 13 Swallowing
problem

6 1. CAD
2. HTN
3. Hyperlipidemia
4. Orthostatic

hypotension
5. Diverticular bleed
with colectomy

6. Peripheral
neuropathy

7. Anxiety
8. History of
nonsustained SVT

9. Symptomatic PACs

M 86 C1-2 PSF 100 59 9 6 1. CVA
2. Kidney disease
3. Irregular heartbeat

4. GERD
5. HTN

F 79 occ-c5 psf 150 211 14 Tracheotomy/
revision

12 1. Parkinson’s disease
2. GERD
3. Hiatal hernia

4. HTN
5. Osteoporosis

F 83 C1-2 PSF 150 56 4 Swallowing
problem

7 1. HTN
2. Breast cancer
3. Depression
4. Vascular dementia
5. Glaucoma

6. Right shoulder
rotator cuff
arthropathy

7. Diverticulosis
8. Colon polyp
9. Hemorrhoids

Average 80 318.8 110 7.125 13.7

B: Collar Group

Gender Age (y) Complications Comorbidities Follow-up (mo)

F 86 1. HTN 2. Osteoporosis 44

F 84 1. Gout 2. B12 Deficiency 6

M 86 None 4

F 77 1. HTN
2. Osteoporosis

3. Hyperlipidemia 24

M 71 1. Insulin dependent
diabetes

2. Status post a CVA with
some residual left-sided
weakness

3. Hypercholesterolemia.
4. Coronary artery disease

status post CABG

34

F 91 1. HTN 3

M 81 1. HTN
2. Angina

3. Chronic bronchiectasis 6

F 87 1. Demential
2. AAA (5 cm)
3. HTN
4. Depression
5. GERD

6. Left bundle branch block
7. CHF
8. COPD
9. Peripheral vascular
disease

3

F 81 1. Hypothyroidism
2. HTN
3. Breast Cancer-bilateral
4. DMT2
5. Glaucoma

6. Depression
7. GERD
8. HLD
9. Anemia
10. CKD

48

M 76 1. Atrial fibrillation 2. Hypertension 48
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(Continued)

B: Collar Group

Gender Age (y) Complications Comorbidities Follow-up (mo)

M 80 1. Cirrhosis (Alcoholic)
2. CVA
3. Esophageal varices
4. Liver varices

5. Abdominal aortic
aneurysm

6. Splenomegaly
7. Basal cell skin cancer.

4

M 88 1. HLD
2. DM II
3. CAD-s/p Pacer
4. Dementia
5. PUD s/p perforation

and repair

6. Ovarian CA-s/p Oopho
rectomy

7. Osteoporosis
8. Cardiomyopathy

2

M 87 1. Hypertension.
2. Hypercholesterolemia
3. Prostate cancer, status

post brachytherapy

4. CAD- s/p 4 vessel CABG
5. Possible factor V Leiden

17

M 80 1. Barrett’s Esophagus
2. Carpal Tunnel Syndrome
3. Chronic Renal Failure
4. Diabetes Mellitus Poorly

Controlled
5. Diabetic Autonomic

Neuropathy

6. Diabetic Retinopathy
7. Gout
8. Malignant Essential

Hypertension
9. Obesity

14

F 78 1. Coronary artery disease
2. Irritable bowel syndrome
3. Arthritis

4. Chronic UTI
5. Hypothyroidism
6. Urge incontinence-s/p

sling

22

M 89 1. HTN
2. Prostate Cancer

3. CAD- s/p stent 16

F 78 1. Megaloblastic Anemia
2. HTN

3. Hyperlipidemia
4. Depression

3

F 84 1. Parkinson’s disease
2. CAD w/MI 1998- s/p 2

vessel CABG
3. Osteoarthritis

4. Right carpal tunnel
syndrome

5. Colonic Polyps- s/p R
6. Hemicolectomy

26

F 71 1. HTN 2. Depression 6

M 86 1. Atrial Fibrillation 2. Hypertension 21

F 79 1. MRN match 23

F 83 1. Coronary artery disease
2. Congestive heart failure
3. Osteoarthritis
4. Anemia

5. DVT
6. Hypercholesterolemia
7. Parkinson’s disease

41

M 77 1. Diabetes Type 2
2. Anemia
3. Hypothyroidism
4. Coronary Artery Disease

s/p CABG 1980 & 1992

5. Hypertension-diagnosed
at age 17

6. Hyperlipidemia
7. Osteoarthritis
8. Mitral valve disease

6

F 99 1. HTN 6

M 79 None 7

M 77 None 12

F 72 1. Prostate Cancer
2. Hyperlipidemia
3. HTN
4. Myasthenia Gravis

5. Osteoarthritis
6. DM II
7. Venous Insufficiency

12

M 98 1. Hx falls 2. Hearing loss 3

M 83 1. HTN 2. HLD 6

(Continued)
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and had death related to medical comorbidity. Two of the 33
patients in the collar group died during the initial 3-month
treatment period and another two patients died �23 months
after injury. The cause of death was investigated and death
certificates were viewed for all four of the patients in the
collar group. One of the four deaths in the collar group was
attributed to blunt head trauma and three were listed as
death occurring from natural cause.

Complications
Complications were more common in the PSF group
(►Table 2). Six of the 25 (24%) patients in the PSF group
had complication during the treatment period. PSF group
complications included one patient with a cerebrospinal fluid
leak, one patient requiring immediate postoperative trache-
ostomy for airway obstruction, two patients with prolonged
swallowing difficulty greater than 3 months after surgery
(►Fig. 2), and the two perioperative deaths. Only one patient
in this series had occipital-cervical fixation, and this patient

developed postoperative airway obstruction requiring emer-
gent tracheostomy. Collar group complicationswere limited to
two patients who developed significant skin breakdown in the
neck region fromprolonged full-time cervical collar wear (6%).

Odontoid Fracture Healing
Fracture healing was determined by evaluating the neutral
lateral and open mouth radiographs for evidence of bridging
bone across the odontoid fracture site. Significant limitation
exists in the determination of definitive C1–2 bony fusion on
these images, and in the absence of computed tomography,
the authors specifically chose not to include radiographic
evidence of C1–2 posterior fusion as study parameter in this
report. Radiographic fusion rates were low in both groups.
Evidence of radiographic fracture healing rates was observed
in seven of the 25 PSF group patients (28%) and only two of
the 33 collar group patients (6%).

Nonunion of the fracture site was observed in 43 of the 52
study patients who completed at least 3 months of fracture

(Continued)

B: Collar Group

Gender Age (y) Complications Comorbidities Follow-up (mo)

M 88 1. Hypertension
2. COPD

3. Asthma 6

M 97 Skin breakdown 1. Atrial fibrillation
2. HTN
3. Dyslipidemia

4. BPH
5. COPD
6. CAD

6

F 81 1. CAD
2. CHF

3.Dyslipidemia
4.HTN

6

F 91 Skin breakdown 1. Atrial Fibrillation
2. CHF 3. COPD

4. DM
5. Asthma

6

Average 83.2 14.7

Abbreviations: AAA, abdominal aortic aneurysm; afib, atrial fibrillation; AVR, aortic valve regurgitation; BPH, benign prostate hyperplasia; Ca, cancer;
CABG, coronary artery bypass graft; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CSF, cerebrospinal fluid; CVA, cerebrovascular accident; DMT2, diabetes mellitus type II; DVT, deep venous
thrombosis; GERD, gatroesophageal reflex disease; HLD, hyperlipidemia; HTN, hypertension; Hx, History; MI, myocardial ischemia; OA, osteoarthritis;
PAC, premature atrial contractions; PSF, posterior spinal fusion; PUD, peptic ulcer disease; R, right; RA, rheumatoid arthritis; S/P, status post; SVT,
supraventricular tachycardia; TURP, transurethral radical prosthetectomy; UTI, urinary tract infection; XRT, radiation therapy.

Fig. 1 Midsagittal initial injury computed tomography images demonstrating (A) <50% odontoid displacement and (B) > 50% odontoid displacement.
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treatment (83%). Rates of odontoid fracture nonunion were
65% (13/20 patients) in the PSF group and 94% (30/32
patients) in the collar group.

Nonunion was further classified as stable or mobile de-
pending on the presence of any detectible odontoid fracture
site motion on the ultimate patient follow-up flexion–exten-
sion lateral radiographs. None of the 13 patients in the PSF
group with odontoid nonunion had evidence of mobile

odontoid nonunion (►Fig. 3). Twenty of the 30 patients in
the collar group (67%) who had odontoid fracture nonunion
demonstrated mobile odontoid nonunion on flexion and
extension lateral radiographs at the time of ultimate fol-
low-up. The average mobility of the nonunion was 2.5 mm
with a range from 1 to 12 mm (►Fig. 4,►Table 1). No patient
with mobile odontoid nonunion developed clinical myelopa-
thy or spinal cord injury during the follow-up period.

Functional Outcomes

Neck Disability Index
NDI scores were used to assess functional outcomes for
patients in each group. The NDI is scored using a point scale
that ranges from0 to 50. Eachpatient’s raw score is doubled to
achieve a percent score. Using this scoring system, a score of
10 to 28% (that is, 5 to 14 points) is considered to constitute
mild disability; 30 to 48% is moderate; 50 to 68% is severe;
and � 72% is complete disability. The average NDI score for
patients in the nonoperative groupwas 13with a range of 0 to
28 points. NDI scores in the PSF group averaged 18.1 with a
range of 0 to 48 points. The 5.1-point difference between
average NDI scores in the PSF and collar groups was not
statistically significant (p ¼ 0.26, t test).

Pain Score
Pain was scored using an analogue pain scale with a range
from 0 (no pain) to 10 (maximal pain). Analog pain scores at
the time of ultimate follow-up indicated low levels of pain in
both groups. The average pain score for the PSF groupwas 1.8
with a range of 0 to 7. The average pain score for the collar
groupwas 1.3 with a range of 0 to 4. Therewas no statistically
significant difference in pain scores between the two groups
(p ¼ 0.23, t test).

Patient Satisfaction
Patient satisfaction was evaluated using an analogue satisfac-
tion scale with scores from 0 (no satisfaction) to 10 (maximal
satisfaction). Satisfaction scores for the 52 geriatric patients
were high. The average satisfaction score for PSF group
patients was 8.9 with a range of 5 to 10. Satisfaction scores
for the collar group averaged 9.2with a range of 3 to 10. There

Table 2 Patient outcomes

PSF group Collar group

Follow-up (mo),
average (range)

13.7 (0.25–48) 13.9 (2–48)

Mortality 20% (5/25) 12.5% (4/33)

Complications 24% (6/25) 6% (2/33)

Fracture healing 28% (7/25) 6% (2/33)

Mobile nonunion 0% 67% (20/30)

Abbreviation: PSF, posterior fusion surgery.

Fig. 2 Barium swallow lateral image demonstrating esophageal
narrowing in a patient treated with posterior fusion surgery who had
prolonged swallowing difficulty greater than 3 months after surgery.

Fig. 3 Flexion and extension lateral radiographs of a patient treated with posterior fusion surgery with stable odontoid nonunion.
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was also no statistically significant difference between satis-
faction scores for each group.

Mobile Odontoid Nonunion
Twenty of the 30 patients in the collar group had mobile
odontoid nonunion. Mobile nonunion was not associated
with lower functional outcome scores at the time of ultimate
follow-up.

NDI scores for the 20 patients with mobile odontoid
nonunion averaged 13.1 with a range from 0 to 25. NDI scores
for the combined group of patients from both the collar group
and the PSF group who achieved odontoid fracture healing or
stable odontoid nonunion (n ¼ 32) averaged 16.1 with a range
of 0 to 48. There was no statistically significant difference in
NDI scores between the 20 patients with hypermobile odon-
toid nonunion and the 32 patients who achieved odontoid
healing or stabile nonunion after treatment (p ¼ 0.34, t test).

Pain scores for the 20 patients with mobile odontoid
nonunion averaged 1.2 points with a range of 0 to 5 points.
The average pain score for the 32 patients with stable
odontoids was 1.5 with a range of 0 to 7 points. There was
no statistical significance between the pain scores (p ¼ 0.42,
paired t test).

Scores for patient satisfaction were also similar between
those patients who had mobile and stabile odontoids (9.2
versus 9.0) with no statistically significant difference
(p ¼ 0.58, paired t test).

Discussion

Considerable controversy still exists with regard to the
management of elderly patients with type II odontoid frac-
tures. Unfavorable outcomes and increased complications
with both operative and conservative management have
been described in the literature.3,8,11,12 Predisposition to
unfavorable outcomes in this population is due to many
factors associated with aging, medical comorbidities, and
declining patient mobility. Furthermore, advanced age and
fracture displacement havebeen associatedwith the failure of
nonoperative treatment.13

Reported nonunion rateswith nonsurgicalmanagement of
type II odontoid fractures have ranged from 35 to 85%.2,14–19

Elderly patients do not tolerate prolonged immobilization in a
halo vest, and complications and morbidity is high when the
halo device is used in elderly patients. Complication rates of
66% and mortality rates of 42% have been reported with halo
use in the elderly population10,12,20,21 Smith et al recently
reported an increased incidence of airway compromise with
halo use in the elderly population.8 Kuntz et al reported early
failure of elderly patients treated with halo vests due to
complications of halo vest wear including failure to thrive,
respiratory failure, and inadequate fracture stabilization. Fifty
percent of the patients in this study had early failure of halo
management.3 Furthermore, Apfelbaum et al showed 8 mm
of motion across the dens fracture sitewith respiratory cycles
and concluded that halo wear does not adequately immobi-
lize the dens fracture site.14

Operative risk has been well defined in the elderly popu-
lation. Risk escalates with increasing age and medical comor-
bidity. Potential fatal perioperative complications including
airway obstruction with respiratory compromise, myocardial
infarction, and cerebrovascular accident have been described.
Smith et al reported a 12.5% perioperative mortality rate
along with a 62% rate of significant complications in 32
elderly patients who had surgical management of displaced
odontoid fractures.8 Schoenfeld et al reported a 21% 1-year
mortality rate with operative management.9

Reports of successful operative management of geriatric
odontoid fractures have been published. Frangen et al retro-
spectively analyzed 27 geriatric patients with amedian age of
86 years who underwent operation for isolated unstable type
II odontoid fractures.2 Twenty-two percent (six patients) died
during the observation period at a median of 40 days after
injury due to either cardiopulmonary failure or pneumonia.
All 21 surviving patients were reevaluated an average of
3 months after trauma. All but one showed a stable fusion
and had no or minor neck pain. The authors concluded that
posterior stabilization of unstable odontoid fractures with
transarticular screws and modified Gallie fusion in older
patients can be performed safely, with good clinical results
and few complications. Mortality remained high but was
lower than reported after halo vest immobilization alone.
They also suggested that posterior C1–2 fusion is superior to
halo vest immobilization in terms of nonunion rate and

Fig. 4 Flexion and extension lateral radiographs of a collar patient with mobile odontoid nonunion.
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mortality, and itmight be the treatment of choice in this high-
risk patient population.

Other retrospective studies have compared outcomes of
surgical and nonsurgical management of elderly odontoid
fractures. Chaudhary et al compared nine patients treated
with a collar and 11 patients treated with either anterior or
posterior surgery.1 High rates of healing were reported in
both groups with 66% of patients with rigid collar and 87% of
the surgical patients having fracture union. At average 5-
month follow-up,mortalitywas higher in the operative group
(27% versus 11%). The authors concluded that patients treated
with a nonrigid collar seem to have an overall favorable
outcome, but further research is needed to compare the
outcomes of surgical and nonsurgical management of geriat-
ric odontoid fractures. Kuntz et al evaluated 12 patients
treated with external immobilization and 11 patients treated
with either anterior or posterior surgery.3Approximately 10%
morbidity and mortality rates were reported in both groups.
Nonsurgical management with a cervical orthosis had a 50%
failure rate and was associated with one death. Surgical
management had a 9% early failure rate. The results of surgical
management appear to be better in this small retrospective
series of patients. Smith et al in a multicenter retrospective
study compared 32 patients having either anterior or poste-
rior surgery with 40 patients who had nonsurgical treatment
with either a collar or a halo device.8 Acute in-hospital
mortality was 12.5% in the operative group and 15% in the
nonoperative group, and complications were higher in the
operative group (65% versus 35%). Rates of fracture healing
and functional outcomes were not reported in this study. A
high incidence of airway complications was noted in both the
operative and nonoperative groups (31% and 18%). Additional
retrospective studies reporting successful surgical manage-
ment of small series of patients have been published.2,22,23

Our series of 58 consecutive elderly patients with odon-
toid fractures is possibly the largest series of consecutive
patients treated by the same surgeon to be reported in the
literature. We observed similarly high rates of preexisting
comorbidities in both our operative and nonoperative pa-
tient groups (5.4 versus 4.3). The results of our series
demonstrate high mortality rates with both collar and
posterior surgical stabilization surgery. Even though average
surgical time and blood loss was low, peri-injury mortality
was higher with surgical management. Three operative
patients died within 4 weeks after surgery, accounting for
a 12% early mortality rate. Only 2 of the 33 patients treated
with a cervical collar died within 3 months of treatment (6%
acute mortality). Mortality rates in the PSF group were also
somewhat higher at average 13-month follow-up (20%
versus 12.5%). The rates for operative mortality in this series
are similar to previously reported rates in the literature for
geriatric patients with type II odontoid fractures and multi-
ple comorbidities. However, rates for acute mortality in the
collar group are among the lowest reported with conserva-
tive management of geriatric type II odontoid fractures. The
low mortality rate for nonoperative patients in our study
may be attributed to the earlier mobilization of these
patients. Early mobilization with bed to chair was encour-

aged soon after collar fitting in the patients in the collar
group.

Complications in the collar group in our study are also
relatively low. Smith et al compared a series of 72 geriatric
type II odontoid fracture patients treated with surgery of
external immobilization and reported a higher incidence of
complications in the operative group with 62% of the opera-
tive patients experiencing at least one significant complica-
tion.8 Thirty-five percent of the nonoperative group
experienced at least one significant complication with
many being attributed to halo vest wear. In our series, major
complications were noted in six patients in the PSF group
(24%). Only two patients in the collar group experienced
complications related to cervical collar wear (6%). The lower
rate of complications with nonoperative management in our
series may be related to the use of the more flexible Miami J
cervical collar and the absence of patients using a halo along
with the emphasis on early patient mobilization after initial
cervical collar fitting.

Varying rates of odontoid fracture healing in the elderly
population after both surgical treatments have been reported
in the literature. Omeis et al reported a 30.7% odontoid
healing rate with posterior C1–2 surgery and a 37.5% healing
rate with anterior odontoid screw fixation in the elderly
population.24 Chaudhary et al reported 87% fracture union
after surgical treatment and 66% union with cervical collar
treatment.1 Fracture healing in our study was low in all
patients regardless of treatment type. In the operative group,
only 28% of the patients demonstrated radiographic healing
across the fracture site. A lower rate was demonstrated in the
nonoperative group with only 6% of the patients who were
treated with a collar demonstrating radiographic evidence
odontoid fracture union. Nonunion rates reported in our
series are among the highest reported in the existing litera-
ture for geriatric odontoid fractures.

There is a paucity of literature addressing functional
outcome after the treatment of geriatric spine fractures.
Our study is among the few to evaluate neck disability after
surgical and nonsurgical elderly odontoid fracture manage-
ment. We found functional outcomes to be similar in both the
collar group and the group having posterior spinal fusion.
Both groups had averageNDI scores that were consistent with
low levels of disability, and there was not a statistically
significant difference between the NDI scores for both groups.
Therewas, however, a slight trend toward lower NDI scores in
the nonoperative group (p ¼ 0.23, t test). Analogue pain
scores were also low in both groups at the time of ultimate
follow-up indicating baseline levels of low neck pain in each
group—again with slight tend toward lower pain in the
nonoperative group (p ¼ 0.26, t test). Additionally, patient
satisfaction was equally high in both groups indicating low
levels of dissatisfaction with treatment course and outcomes.

The frequency and morbidity of odontoid fracture non-
union in the elderly population is not well defined. Because of
the risk of progressive myelopathy or sudden neurological
injury, many surgeons recommend operative stabilization for
patients with mobile dens nonunions who are able to with-
stand an operation.25 There is, however, a lack of information
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about the radiographic and neurological progression of dens
nonunions.26,27 Although a less aggressive surgical approach
has been recommended by some authors for elderly or
medically compromised patients with acute fractures, long-
term follow-up evaluation of patients with resulting nonun-
ions has not been adequately reported.13,26 One of the few
studies was published by Hart et al, who performed a
retrospective review of five elderly patients treated without
surgery for chronic mobile nonunions of the odontoid pro-
cess.28 None of the reported patients had less than 14 mm
available for the spinal cord in either flexion or extension at
the start of clinical monitoring. Patients were observed on an
annual basis for 4.5 years with clinical examinations and
flexion–extensions plain film radiographs. None of the pa-
tients developed myelopathic symptoms during the follow-
up period, and no patient experienced more than 1-mm
radiographic increase in atlantoaxial excursion. The authors
suggest that this close follow-up treatment protocol may be
considered for patients who are poor candidates for surgical
fusion. Other limited studies have also reported satisfactory
outcomes in isolated patients with dens nonunions.25,26,29

Nonunion of the fracture site in our study was observed in
43 of the 52 patients who completed at least 3 months of
fracture treatment (83%). Rates of odontoid fracture non-
union were 65% (13/20 patients) in the PSF group and 94%
(30/32 patients) in the collar group. Rates of odontoid
nonunion for the collar group in our study were higher
than previously reported in the literature for cervical collar
treatment. Additionally, 20 of the 30 patients in the collar
group (67%) who had odontoid fracture nonunion demon-
strated mobile odontoid nonunion averaging 2.5 mm of
motion on flexion and extension lateral radiographs. Consis-
tent with the findings of Hart et al, no patient with mobile
nonunion in our study was observed to develop clinical
myelopathy or spinal cord injury during the follow-up peri-
od.28 A further investigation into the cause of death of the
three patients in the collar group revealed that only one of
the three expired from complications involving a fall and
resultant head trauma. This is the only study patient we
could identify as possibly experiencing an untoward neuro-
logical event related to the odontoid nonunion without
conclusive evidence.

Limitations of our study exist in the retrospective manner
of data collection and in the relatively short follow-up time in
a geriatric population. Also, the patients stratified into the
operative and nonoperative treatment arms in our study
were not clearly homogeneous, as those patients with greater
initial fracture displacement likely had more significant
injury.

The results of our study did not demonstrate any evidence
of lower functional outcome for those patients who had
mobile odontoid nonunion. NDI scores for those patients
with mobile odontoid nonunion did not differ significantly
from those patients who achieved fracture healing in both
groups. Also, there was no statistically significant difference
between levels of neck pain reported in those patients who
had mobile nonunion and those patients who had odontoid
fracture healing or stabile odontoid nonunion.

Conclusion

In this series of 58 consecutive geriatric patients with type II
odontoid fractures, rates of odontoid healing and stability
appear to be higher in those patients who were treated with
posterior fusion surgery. Fracture healing and stability did
not correlate with improved outcomes with respect to levels
of pain, function, and satisfaction.Mortality and complication
rates were lower in those patients with lesser-displaced
fractures who are treated with a cervical collar and early
mobilization.

This study suggests that elderly patients who have lesser
displaced fractures may be appropriately treated with a
cervical collar. It also suggests that elderly patients with
greater displacement have similar functional outcomes
with surgical treatment. Outcomes of geriatric patients
with greater-displaced odontoid fractures treated with a
collar were not addressed in this study and unfortunately
still remain unclear.
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