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Abstract
Study Design—Retrospective cohort study.

Objective—To determine the influence of age, comorbidities, and treatment type on mortality in
elderly patients with acute Type II odontoid fractures.

Summary of Background Data—Prior studies have documented increased morbidity and
mortality among geriatric patients sustaining odontoid fractures. However, there is limited data
regarding the effect of patient age, medical comorbidities, and treatment selection on mortality
after Type II odontoid (C2) fractures in the elderly.

Methods—An institutional registry was used to identify all Type II odontoid fractures sustained
by patients aged 65 and older from 1991 to 2006. Demographic information, date of injury,
associated injuries, treatment type, and comorbidities were abstracted from medical records.
Mortality was ascertained using the National Death Index. Risks of mortality and their associated
95% confidence intervals (CIs) were calculated at 3 months, 1 year, 2 years, and 3 years.
Multivariable Cox proportional hazard regression was used to evaluate independent factors
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affecting mortality stratified by age (65–74 years, 75–84 years, ≥85 years) and treatment type
(operative or nonoperative treatment, and halo or collar immobilization).

Results—Of 156 patients identified with Type II odontoid fracture, the average age was 82 years
(SD = 7.8; Range: 65–101). One hundred and twelve patients (72%) were treated nonoperatively.
At 3 years postinjury, there was a 39% (95% CI: 32–47) mortality rate for the entire cohort.
Mortality for the operative group was 11% (95% CI: 2–21) at 3 months and 21% (95% CI: 9–32)
at 1 year compared with 25% (95% CI: 17–33) at 3 months and 36% (95% CI: 27–45) at 1 year in
the nonoperative group. The Cox regression model showed that the protective effect of surgery
was seen in patients aged 65 to 74 years, in whom the hazard ratio associated with surgery for
mortality after odontoid fracture was 0.4 (95% CI: 0.1–1.5). Those aged 75 to 84 years had a
hazard ratio of 0.8 (95% CI: 0.3–2.3), and patients 85 years or older had a hazard ratio of 1.9 (95%
CI: 0.6–6.1; P value for interaction between age and treatment = 0.09) with operative treatment
having a protective effect in patients aged 65 to 74 years.

Conclusion—In a cohort of elderly patients, Type II odontoid fractures were associated with a
high rate of mortality, regardless of intervention.
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Management of odontoid fractures has been recognized as a challenge, since these injuries
were first described in the early 20th century.1 Despite significant advances in diagnostic
and treatment methods, such fractures remain problematic, particularly in the geriatric
population.1–8 Odontoid fractures are the most common cervical spine fracture in the
elderly.1,8 Because of their age associated comorbidities and the ubiquitous presence of
degenerative changes in the aging cervical spine,6 such individuals are at a higher risk for
complications and poorer outcomes than younger patients sustaining similar
injuries.1–4,6,7,9–11 Furthermore, as the number of elderly patients continues to rise in the
United States, the prevalence of such fractures can be expected to increase in the future.

Several prior studies have documented increased morbidity and mortality among geriatric
patients sustaining odontoid fractures.1–7,9,10,12,13 The nonunion rate in this population has
been reported to be as high as 85% (range, 20%–85%),3–7,9,10,12–14 whereas the mortality
rate has approached 60% (range, 10%–57.1%).2–7,9,10,12,13 Moreover, the choice of
management (operative vs. nonoperative, halo-vest immobilization vs. cervical orthosis) has
been postulated to influence mortality. The halo vest, in particular, has been associated with
an increased risk of complications and death in elderly patients.1,3,4,7,9,12,15 One study
reported high complication rates of pneumonia (34%), cardiac arrest (26%), and mortality
(42%) in elderly patients treated with a halo vest.7

Most information on mortality in patients with odontoid fracture is derived from reviews of
small cohorts comprising less than 50 patients.3,4,5,7,9,11,13 Furthermore, only one study
specifically examined treatment-based outcomes,7 while none have analyzed mortality in
relation to age, or medical comorbidities.

Given the paucity of data, this investigation sought to define the influence of age, treatment,
and comorbidities on mortality in a cohort (n = 156) of elderly patients sustaining Anderson
and D’Alonzo16 Type II fractures of the odontoid in the cervical spine. The hypothesis was
that patients treated surgically would have lower mortality than those treated nonoperatively
with either a halo vest or cervical orthosis. It was also anticipated that patients with fewer
medical comorbidities would have lower mortality regardless of treatment method.
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MATERIALS AND METHODS
After the investigational review board approval, the institution’s research patient data
registry was used to identify all cervical spine fractures that occurred in patients aged 65
years and older from 1991 to 2006. The research patient data registry is a data registry that
has been maintained for all patients treated at two participating Level-I trauma centers since
1979. For the purposes of this study, only those patients determined by the treating
physician to have sustained an Anderson and D’Alonzo16 Type II fracture of the odontoid
process were reviewed. Additional inclusion criteria included age 65 years or older at the
time of injury and radiographic evidence of an acute fracture documented in the electronic
medical record.

Data obtained for each patient included age, race, sex, date of injury, fracture classification,
associated injuries, presence of neurologic injury, treatment type, presence or absence of 13
medical comorbidities (Charlson index17), and mortality. The research patient data registry
was cross-linked with the National Death Index, allowing accurate assessment of patient
mortality. Any inconsistencies in the electronic medical record were resolved via a manual
review of the patient’s hard copy medical record.

Definitive treatment for the patients’ odontoid fractures was determined by treating
physicians at the time of injury. On review, treatments were divided into operative or
nonoperative methods. The nonoperative treatment was further stratified into halo vest
immobilization or hard cervical orthosis. Patients who received surgery as the Definitive
intervention in the acute period (first 3 weeks) after injury were included in the operative
group. Patients treated with a halo vest for the majority of their clinical care (i.e., 8 of 12
weeks) were included in the halo vest group. Within each treatment group, patients were
stratified by three age strata (65–74 years, 75–84 years, and ≥85 years). The Charlson index
was divided into three categories; “0” (no comorbidities), “1 or more” (at least one
comorbidity), and “missing.” We created the category of “missing” because 18% of the
participants did not have comorbidity data and we wanted to avoid excluding participants
from the multivariable analysis.

Risks of mortality for 3-month and 1-, 2-, and 3-year intervals, along with 95% confidence
intervals (CIs), were calculated for the entire cohort. The risk of mortality was calculated
from the date of injury only. Since we hypothesized that the effect of treatment on the risk of
mortality would vary by age, we also calculated mortality risks stratified by age and
treatment.

The χ2 test of independence was used to compare mortality between groups, while the
Breslow-Day test was performed to test for the interaction between age and treatment.
Kaplan-Meier survival curves were also derived to compare treatments for each age group.
A propensity score model was constructed that predicted the probability of receiving
surgery. Factors in the propensity score model included age, race, sex, preoperative
ambulatory status, preoperative living situation, discharge destination, smoking status,
trauma type, and neurologic involvement. The propensity score was categorized into
quintiles and was controlled for in a multivariable Cox proportional hazard regression
analysis that evaluated risk factors for mortality. Propensity scores are a useful way to
control for multiple confounding variables when treatment choice is not randomized. This
methodology also aids in diminishing bias due to selection processes of treatment choice.18

All statistical analyses were performed using SAS statistical software version 9.1 (SAS
Institute Inc, Cary, NC).
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RESULTS
Study Sample

Between 1991 and 2006, 640 patients aged 65 years and older presented with cervical spine
fractures to the authors’ institutions. Of these individuals, 261 (41%) had fractures involving
the second cervical vertebra, of which 242 (93%) involved the odontoid process. The
majority (64%) of these odontoid process fractures (n = 156) were found to be Anderson and
D’Alonzo Type II fractures as classified by the attending orthopedic surgeon. This cohort
represented 24% of all patients aged 65 years and older presenting with cervical spine
fractures.

The average age of the 156 patients in our cohort was 82 years (SD: 7.8; range: 65–101). Of
these 156 patients, 71 (46%) were male and 21 (13%) were of nonwhite race. Fifty-six
patients (36%) sustained odontoid fractures in conjunction with polytrauma and three (2%)
cases were associated with neurologic injury. Forty-four (28%) patients received surgery as
the Definitive treatment for their fracture, whereas 112 (72%) were managed
nonoperatively. Of the 112 patients treated nonoperatively, 28 (25%) were managed with
halo-vest immobilization and 84 (75%) were treated with a hard cervical orthosis.
Additional demographic data on the investigational cohort stratified by treatment can be
found in Table 1.

Three-Month Mortality
The mortality rate at 3 months after the date of injury was 21% (33 patients; 95% CI: 15–
28). Sixteen patients died during the initial hospital admission, for an in-hospital mortality of
10%. This included one of the 44 patients (2%) who received surgery and 15 of the 112
individuals (13%) managed nonoperatively (P = 0.04). Age was statistically significantly
associated with mortality at 3 months (P < 0.01). There was a 6% mortality for patients aged
65 to 74 years, while age groups 75 to 84 years and 85 years or older had 18% and 34%
mortalities respectively (Table 2). When comparing nonoperative versus operative groups
(Figure 1), the risk of mortality was higher in the nonoperatively treated patients (25%
nonoperative vs. 11% operative), but the difference did not reach statistical significance (P =
0.06). The estimated 3-month mortality among patients treated with halo immobilization
was 21% (95% CI: 6–37), which was similar to mortality in patients treated with cervical
orthosis alone (26%, 95% CI: 17–36) (Figure 1). The Breslow-Day test for interaction did
not reveal a statistically significant interaction between age and treatment on the 3-month
mortality rate (P = 0.13).

Patients with a Charlson score of 0 had a 13% (95% CI: 3–23) risk of mortality, while those
with a score of one or higher had a 27% (95% CI: 11–44) mortality rate, but due to the
sample size this difference did not reach statistical significance (P = 0.20). We did not find
an association between sex (P = 0.70) and the presence of polytrauma versus isolated spine
trauma (P = 0.64) with 3-month mortality. The risk of mortality stratified by neurologic
involvement was not definable because of the small number of patients (3 of 156) who
sustained neurologic injury in conjunction with their odontoid fractures.

One-Year Time-Point
The 1-year mortality was 31% (49 patients; 95% CI: 24–39). Patients aged between 65 and
74 years had a 1-year mortality rate of 21% (95% CI: 7–34). Patients aged between 75 and
84 years had a mortality of 29% (95% CI: 17–40), and those 85 years and older had a 41%
mortality rate (95% CI: 28–53). The association between patient age and mortality at the 1-
year time-point did not reach statistical significance (P = 0.11). At the 1-year time-point,
mortality for the operative group was 21% (95% CI: 9–32), while it was 36% (95% CI: 27–
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45) for the nonoperative group (P = 0.06). Patients treated with halo immobilization had a
32% (95% CI: 14–49) mortality rate, while those managed in a collar had a 37% (95% CI:
27–47) mortality rate (Figure 1), but this difference did not reach statistical significance (P =
0.16). Breslow-Day analysis did not reach a statistically significant threshold for interaction
between age and treatment for mortality rates at 1 year (Breslow-Day P for interaction =
0.14).

Patients with a Charlson index of 0 had an 18% (95% CI: 7–29) risk of mortality at 1-year,
while those with scores of 1 or higher had a 35% (95% CI: 17–52) risk of mortality (P =
0.05). Sex (P = 0.81) and trauma type (P = 0.88) were not found to have an impact on
mortality at the 1-year time-point (Table 2).

Time-points Beyond 1-Year
Mortalities for the cohort at 2 and 3 years were 37% (57 patients; 95% CI: 29–44) and 39%
(61 patients; 95% CI: 32–47), respectively. Patients between 65 and 74 years had 2- and 3-
year risks of mortality of 24% (95% CI: 9–38) and 29% (95% CI: 14–45). Patients between
75 and −84 years had risks of mortality of 35% (95% CI: 23–47) at 2 and 3 years follow-up.
Those 85 years and older had a 46% (95% CI: 33–59) risk of mortality at 2 years, and this
increased to 49% (95% CI: 36–62) after 3 years. The association between age and mortality
was not statistically significant (P = 0.09 at 2 years and P = 0.12 at 3 years).

At 2- and 3-year time points, mortality for the operative group was 25% (95% CI: 12–38;
Figure 1). Patients in the nonoperative cohort had a 41% (95% CI: 32–50) mortality at 2
years and this increased to 45% (95% CI: 35–54) after 3 years. Those treated with halo
immobilization had 36% (95% CI: 18–54) and 46% (95% CI: 28–65) mortalities at 2 and 3
years, respectively.

Figure 2A–C demonstrates the effect of treatment on survival for each age group. Surgical
intervention appeared to be associated with reduced mortality for patients aged 65 to 74
years (Figure 2A). As patient age increased, this association diminished. Ultimately, the
survival curves nearly coincided for those 85 years and older (Figure 2C).

MULTIVARIABLE ANALYSIS
For individuals aged 65 to 74 years the hazard ratio associated with surgery for mortality
after odontoid fracture was 0.4 (95% CI: 0.1–1.5). Those between 75 and 84 years had a
hazard ratio of 0.8 (95% CI: 0.3–2.3), and patients 85 years or older had a hazard ratio of 1.9
(95% CI: 0.6–6.1). The interaction between age and treatment did not reach statistical
significance (P = 0.09). Charlson comorbidity index was not associated with mortality when
adjusting for the other factors in the model (P = 0.21). The hazard ratio for having at least
one comorbidity compared to having zero comorbid conditions was 1.7 (95% CI: 0.9–3.2).

DISCUSSION
Odontoid fractures are the most common cervical spine fracture in elderly patients and are
known to carry a high risk of complications and mortality.2–4,6–13,15,19 Over the last 25
years, reports have documented high mortality in this population as a whole and in those
patients treated with halo vests in particular.7,12 This trend may be attributed to the elderly
population’s increased risk for cardiac events and airway compromise, as well as a markedly
decreased functional reserve.12,19–22

In light of these observations, controversy remains regarding the management of odontoid
fractures in the elderly.12,19–25 Some authors have advocated aggressive surgical
stabilization in these patients, citing an increased fusion, or fracture healing, rate, and
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decreased morbidity and mortality.4,5,7,9,10,13,23 Other reports, however, have not shown a
significant advantage for surgery versus nonoperative management.3,25 In addition, while a
few authors have documented the safe and efficacious use of halo-vest immobilization in the
elderly,6,24 a number of reports have demonstrated poor outcomes.4,5,7,9,12

The results of the present study suggest that surgical intervention was associated with
reduced mortality for individuals aged 65 to 74 years and, to a lesser extent, those patients
aged 75 to 84 years. Although this association decreased as patients aged, only 21% of those
treated surgically had died at 1-year postinjury compared with 36% of the individuals
managed nonoperatively.

The findings presented here also support prior evidence of increased mortality rates among
elderly patients with odontoid fractures, irrespective of the choice of treatment. For example,
the in-hospital mortality rate in this study was 10%. Three papers have previously cited a
greater than 25% in-hospital mortality rate in patients aged 65 years and older with similar
injuries.3,7,10 Koech et al24 focused entirely on nonoperative management of such patients
with odontoid fractures, reported a 14% in-hospital mortality.

In addition, the results of this study show a high mortality rate over the first 3 months
postinjury that plateaus within 1 to 2 years. The mortality in this investigation may have
been influenced by the presence of medical comorbidities. Cox proportional hazard
regression analysis demonstrated a hazard ratio of 1.7 (95% CI: 1–3) for patients having at
least one comorbidity. The presence of medical comorbidities may predispose patients to an
increased risk of complications in the setting of fracture care, such as thromboembolic
disease, urinary tract infections, cardiac events, and pneumonia.7,12,26 The recent work of
Stelfox et al26 has documented a higher complication rate in elderly patients treated with
prolonged cervical immobilization and such a factor may account for the disparate outcomes
between cohorts in this investigation. Nonetheless, both Koech et al,24 and Hart and
colleagues,27 documented satisfactory outcomes in elderly patients with odontoid fractures
treated nonoperatively. Both of these investigations were limited by small patient cohorts.

The 3-month mortality in this investigation is comparable to figures presented by Frangen et
al4 while the 2-year mortality is lower than the 47% rate reported in the work of Hanigan
and colleagues.10 Comparison with national mortality data28 demonstrates a substantially
increased risk of mortality for patients aged 65 years and older who sustain odontoid
fractures. Between 2002 and 2004, the mortality rate for all persons aged 65 to 74 years was
2.2%, while it was 5.3% for individuals aged 75 to 84 years and 13.9% for those 85 years
and older.28 Results presented here indicate a three-fold increase in mortality for patients
aged 85 years and older who sustain an odontoid fracture. For those aged 65 to 74 years, the
mortality risk is increased 10-fold. These findings are in keeping with recent data published
by Bliuc et al.29 These authors found an increased risk of mortality for patients older than
the age of 60 years who sustained both hip and vertebral fractures. In addition, the mortality
risk remained elevated from 5 to 10 years after injury.29 While the data presented here
cannot elucidate whether mortality was directly related to the fracture, or to complications
surrounding fracture care, it does suggest that such injuries are a marker for an increased
risk of mortality at 1 year.

Of note, patients in this study who were treated with halo immobilization were not found to
be at increased risk for mortality when compared with patients receiving operative
intervention or a cervical orthosis (Figure 1). This is in contrast to prior reports documenting
a high mortality rate among patients 65 years and older treated with a halo.7,12 Majercik et
al12 and Tashjian and colleagues7 each documented greater than 40% acute mortality rates
for elderly patients treated with halo-vest immobilization. Mortality rates for those managed
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with halo vests in this study were markedly lower: 21% at 3 months and 32% at 1 year.
Similarly, mortality rates for the operative and nonoperative cohorts in this investigation
were lower than previously reported estimates.3,4,10

It is important to note that most other studies in the literature consist of small samples with
short-term follow-up and an average patient age of 81 years.3–5,7,9,10,24 To the best of our
knowledge, this series represents one of the larger studies investigating mortality in patients
aged 65 years and older with Type II odontoid fractures and midrange follow-up. Therefore,
the mortality estimates presented here may be more valid than those documented in studies
of smaller cohorts with less than 2-year follow-up. Moreover, as the average age of patients
in prior investigations was 81 years, it is possible that the higher mortality rates could be
attributed to patient age alone. Unfortunately, most previous reports have not stratified
patient cohorts by age.

There are several limitations to the current investigation. First, this was a retrospective
study, conducted using information compiled from an institutional database. Therefore, it
suffers from the limitations inherent in all retrospective reviews, including bias regarding
surgical indication. It is possible that the perceived association between surgery and
decreased mortality may be due to the selection of patients better able to tolerate surgical
intervention. While we have attempted to adjust for selection bias using sophisticated
analytic techniques, we fully acknowledge that residual confounding by indication is
possible. These data must be interpreted cautiously. The most accurate answer to the
question of optimal intervention could only be derived from a prospective, randomized trial
that allocated elderly patients to specific arms of operative or nonoperative management,
stratifying them by age.

Another limitation was that data regarding the cause of death were not recorded. Such
information would have been useful to quantify the number of patients who died of
complications directly related to their odontoid fracture, or from the treatment rendered. As
findings in this study demonstrated higher mortality rates among patients of advanced age,
as well as in those with more comorbidities, the roles of treatment, comorbidity, and age
could have been more clearly elucidated had the cause of death been recorded. Also, with
regard to our data collection, fracture stability and displacement were not recorded. These
two variables may be related to treatment choice and thus confound the association between
treatment and mortality. However, we did control for trauma type and neurologic
involvement in our propensity score as markers of injury severity.

Further limitations include the fact that the diagnosis of Type II odontoid fracture was solely
based on documentation in the medical record, as well as the 15-year span over which
patients presenting with odontoid fractures were included in this study. As the presence of
Type II odontoid fracture was not independently confirmed, it is possible that some patients
included in this study did not have true Type II fractures. This is additionally complicated by
the fact that the Anderson and D’Alonzo classification used in this study has been found to
have poor inter-rater reliability.30 In addition, over the course of the 15 years in which
patients included in this study presented with odontoid fractures, substantial changes
occurred in the biomechanical understanding of these injuries and the surgical techniques
available for treatment. This further complicates any comparison between the operative and
nonoperative cohorts in this investigation.

CONCLUSIONS
The results of this investigation confirm the devastating nature of odontoid fractures in the
geriatric population. This study also highlights a mortality rate that increases with patient
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age and the number of comorbidities. While surgery was associated with reduced mortality
in patients younger than 75 years of age, the analyses of treatment effects are vulnerable to
confounding by indication and, therefore, do not permit firm conclusions. Prospective
research must be conducted to definitively describe the factors responsible for mortality in
elderly patients with odontoid fractures. However, in light of the findings presented here,
future investigations regarding outcomes in elderly patients with odontoid fractures should
stratify patients by age.

Key Points

□ There is a high mortality rate for elderly patients within 1 year after an acute
Type II odontoid fracture regardless of intervention.

□ Mortality risk increases with advancing patient age and the number of
comorbidities.

□ It is difficult to evaluate the effect of surgery on mortality because of
selection bias. With this limitation in mind, the data suggest that surgery may
offer a protective benefit in patients younger than 75 years of age.
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Figure 1.
Mortality rates for patients categorized by type of treatment.
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Figure 2.
A, Kaplan-Meier curves depicting survival for patients (A) between 65 and 74 years of age
stratified by treatment. B, Kaplan-Meier curves depicting survival for patients between 75
and 84 years of age stratified by treatment. C, Kaplan-Meier curves depicting survival for
patients 85 years of age and over stratified by treatment.
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TABLE 1

Demographic Characteristics of Patients with Type II Odontoid Fractures

Operative Treatment, N (%) Non-Operative Treatment, N (%)

(N = 44) All (N = 112) Halo (N = 28) Collar (N = 84)

Age

 65–74 13 (30) 21 (19) 10 (36) 11 (13)

 75–84 21 (48) 42 (38) 8 (29) 34 (40)

 ≥85 10 (23) 49 (44) 10 (36) 39 (46)

Sex

 Male 19 (43) 52 (46) 16 (57) 36 (43)

 Female 25 (57) 60 (54) 12 (43) 48 (57)

Poly-trauma*

 Yes 16 (36) 40 (36) 10 (36) 30 (36)

 No 28 (64) 72 (64) 18 (64) 54 (64)

Charlson comorbidity score

 0 13 (30) 32 (29) 8 (29) 24 (29)

 ≥1 25 (57) 58 (52) 15 (54) 43 (51)

 Missing 6 (14) 22 (20) 5 (18) 17 (20)

Neurologic involvement

 Yes 2 (5) 1 (1) 0 (0) 1 (1)

 No 42 (95) 111 (99) 28 (100) 83 (99)

*
The occurrence of injuries to more than one body system or region (i.e., subdural hematoma, pneumothorax, and odontoid fracture).
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TABLE 2

Unadjusted Risks of Mortality for Patients with Type II Odontoid Fractures

3-month Mortality
% (95% CI)

1-year Mortality
% (95% CI)

Overall 21 (15–28) 31 (24–39)

Age

 65–74 6 (0–14) 21 (7–34)

 75–84 18 (8–27) 29 (17–40)

 ≥85 34 (22–46) 41 (28–53)

Sex

 Male 23 (13–32) 32 (22–43)

 Female 20 (12–29) 31 (21–40)

Poly-trauma

 Yes 23 (12–34) 32 (20–44)

 No 20 (12–28) 31 (22–40)

Charlson comorbidity score

 0 13 (3–23) 18 (7–29)

 ≥1 27 (17–36) 39 (28–49)

 Missing 18 (4–32) 32 (15–49)

Treatment

 Operative 11 (2–21) 21 (9–32)

 Nonoperative 25 (17–33) 36 (27–45)

 Halo 21 (6–37) 32 (15–49)

 Collar 26 (17–36) 37 (27–47)

CI indicates confidence interval.
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