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ABSTRACT

Background: Burst fractures of the C1 vertebra (atlas) have been characterized
using both the Jefferson and Gehweiler classification schemes. Management of
atlas fractures is largely determined by the integrity of the transverse atlantal
ligament. Non-operative therapy is often indicated for stable fractures with an
intact ligament. However, strict management guidelines have not been
established, and more research is required to better characterize the patient
population and complication profile.

Aims: The purpose of this study was to characterize and compare patient
characteristics, risk factors, and outcomes of non-operatively managed stable
atlas fractures according to classification scheme.

Methods: Patients who sustained isolated, stable C1 fractures and were
managed non-operatively were included; patients with concomitant C2 or
subaxial cervical fractures were excluded. Medical records were reviewed to
collect demographics, management, injury mechanism, fracture pattern, past
medical history, and outcome data. Jefferson and Gehweiler Classifications were
manually assigned. Variables were analyzed using multinomial regression and
analysis of variance where appropriate.

Results: After applying inclusion and exclusion criteria, 173 unique patients (91
males, 82 females) were eligible for analysis. Patients with Jefferson type IV
fracture were significantly younger, more often polytrauma cases, and sustained
higher-energy injuries. Length of stay, polytrauma percentages, rates of high-
energy mechanisms, dependent functional status at 6 months, incidence of
complications, age at time of fracture, and Age-Adjusted Charlson Comorbidity
Index were significantly different between Gehweiler types. Overweight and
obese status modulated odds for both Jefferson and Gehweiler fracture patterns.
Complications were significantly lower with Gehweiler types | and Ill, though
overall incidence was low. Only 4 deaths were recorded within 90 days.
Conclusion: This work contributes a large study to a limited body of literature
describing outcomes of non-operative management for stable atlas fractures and
stratifies outcomes in relation to the Jefferson and Gehweiler Classification
schemata. These findings strengthen the existing evidence for safety and efficacy
of conservative management and serve as a basis for a direct comparison of
outcomes between operatively in the and non-operatively managed cohorts
future. Further work is needed to clarify the relationship between fracture pattern,
type of conservative management, and occurrence of complications.
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The Jefferson fracture, a burst-type fracture of the
C1 vertebra (atlas), accounts for approximately 3-
13% of fractures in the cervical spinet. Originally
described by Sir Geoffrey Jefferson in 1920, the
Jefferson  fracture  pattern is  classically
characterized by bilateral fractures of both anterior
and posterior arches on the C1 ring?. This fracture
often occurs with the application of a sudden axial
load to the vertex of the skull, transmitting force

downward through the occiput to the C1 ring3*.
Since its inception, the Jefferson classification has
been expanded to include fracture complexes with
a subtotal combination of the anterior ring,
posterior ring, and lateral masses. These fractures,
termed Jefferson-Variants, show some degree of
variability in classification within the literature®. A
three-part scheme® and four-part scheme’ (Figure
1) have both been described, although differences
in clinical utility between these systems are not well
established.

Type

Type 3
N/

Jefferson Classification of C1 Fractures

Iype2
N7

Type d

Figure 1: Jefferson Classification System for C1 Fractures. Jefferson Variants include fractures of the bilateral
posterior arches (Type 1), bilateral anterior arches (Type 2), bilateral anterior and posterior arches (Type 3), and

lateral mass (Type IV).

Although atlas burst fractures are often
eponymously associated with the Jefferson
classification system, other descriptive schemata
have been developed. The Gehweiler classification
has seen widespread use and formed the basis of
treatment  algorithms  for  atlas
management in Europe (Figure 2)®°. Despite an

fracture

increase in utilization, literature evaluating the
clinical utility of the Gehweiler criteria is limited.
Although the

interobserver agreement for

assigning Gehweiler type via radiography has been
reported as moderate to high in small case series,
further study is needed to assess clinical
applications of the classification system®. More
recently, the AO Spine Society has also developed
a representative set of criteria to classify fractures
of the upper cervical spine'?, further increasing the
options available to clinicians for description and
management guidelines.
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Figure 2. Gehweiler Classification System for C1
Fractures. Fracture patterns include fractures of the
bilateral anterior arches (Type 1), bilateral posterior
arches (I), unilateral anterior and posterior arch
without TAL rupture (llIA) or with TAL rupture (llIB),
lateral mass (IV), or transverse process (V).

Management of atlas fractures is largely contingent
upon the stability of the fracture complex. Because
cervical flexion and extension are greatest at the
atlantooccipital joint* and most axial rotation in
the cervical spine occurs at the atlantoaxial
junction®?, the craniovertebral junction is especially
prone to instability. In the trauma setting,
transmission of axial force to the adjacent
transverse atlantal ligament (TAL) can tear the
ligament, whether complete or subtotal in
thickness. Associated tearing of the TAL may result
in C1-C2 vertebral instability and carries a greater
risk of complication®=. As such, management
depends largely on the integrity of the TAL. Stable
fractures, characterized by an intact TAL, may
warrant more  conservative, non-operative
treatment via external immobilization with a

cervical collar or halo vest®',

Decision-making in the management of C1
fractures remains clinically challenging. In addition
to assessment of fracture stability, selection of
treatment may be influenced by the presence of
concomitant cervical spine injuries and other
patient characteristics. Prior studies on atlas
fracture outcomes have described good prognosis
with appropriately limited activity and adherence
to immobilization®. However, outcome studies
have historically been limited to small case series?®.
No universally accepted standards of treatment
have been validated as evidence is limited ¢, and
practices vary greatly’*'>. Notably, most studies
within the existing literature do not stratify
outcomes according to subtypes within each
classification
uncertain whether specific Jefferson or Gehweiler
subtypes carry different risks of complications,
functional decline, or prolonged hospitalization
when treated non-operatively. Larger studies that
evaluate outcomes across fracture morphologies
are needed to guide prognostic counseling,

scheme. It therefore remains

optimize follow-up intensity, and reduce
unwarranted variability in conservative
management.

The objectives of this study were: (1) to describe
the patient characteristics, risk factors, and
outcomes non-operative
management of stable atlas fractures in a large
sample, and (2) to compare risk according to
fracture pattern as classified by the Jefferson and
Gehweiler classification schemes.

associated with

Study Design and Patient Population

In this IRB-approved multicenter retrospective
cohort study, patients diagnosed with isolated
stable atlas fractures at one of two academic
institutions were identified via searches for key
words in operative, radiographic, and chart
records. Criteria for inclusion included age =18,
presentation with stable isolated atlas fracture, and
non-operative management. Exclusion criteria
included age <18, concomitant C2 or subaxial
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cervical fractures, operative management, and
treatment with halo vest immobilization.
Additionally, patients whose fracture patterns were
indeterminate or did not meet established criteria
for Jefferson or Gehweiler classification were
excluded from the corresponding classification-

specific analyses.

Fracture Characteristics and Outcomes
Electronic medical records were reviewed manually
by trained study personnel to collect information
on demographics, management, injury
mechanism, fracture pattern and injury complex,
hospitalization length, discharge disposition,
complications, ambulatory status, dependent
functional status, 30-day readmission, and past
medical history at time of intake. Age-Adjusted
Charlson Comorbidity Index (CCIl) score, a
validated morbidity index to predict likelihood of
10-year mortality *’, was calculated manually for
each patient at the time of initial presentation. The
Modified 5-ltem Frailty Index (mFI-5) ' was used to
calculate frailty scores at intake, and changes in
mFI-5 during hospitalization were recorded where
available. Injury mechanism was used to classify
fracture energy as either low energy or high
energy. The fracture pattern interpreted from
imaging or described in the corresponding
radiology report was used to manually assign
Jefferson and Gehweiler classifications for each
patient. The tetrapartite Jefferson Classification
scheme was selected for use, given its greater
similarity to the Gehweiler Classification. Fracture
patterns not meeting criteria for existing
classification within each scheme were excluded
from analysis for the corresponding classification
system.

Statistical Methods
The relationship

subclassification and four clinical parameters was
investigated: Length of Stay (LOS), Body Mass
Index (BMI), 90-day mortality, and Age-Adjusted
CCl. Due to the distinct correlative structures

between atlas  fracture

underlying these relationships, different statistical

models were employed individually for each
outcome.

LOS was treated as a binary variable with a cut-off
of three days, and logistic regression was
conducted using LOS as the dependent variable.
Analysis was adjusted for Jefferson classification
type and Age-Adjusted CCI.
regression was used to evaluate associations
between Jefferson classification type and patient
factors; Jefferson classification type was treated as
the dependent variable with type IV as the
reference group, adjusting for BMI and Age-
Adjusted CCI. Analysis of variance (ANOVA) was
performed to test differences in Age-Adjusted CCI
among groups, and pairwise comparisons were
then conducted using Jefferson type IV as the
reference group.

Multinomial

All analyses were repeated using the Gehweiler
classification scheme. Statistical procedures and
covariate adjustments remained consistent with
the initial analysis, including ANOVA for Age-
Adjusted CCI, logistic regression for LOS, and
multinomial regression for Gehweiler classification
with type IV as the reference group, adjusted for
BMI and Age-Adjusted CCI. All analyses were
conducted using R version 4.4.0.%°

After inclusion and exclusion criteria were applied,
173 unique patients (91 male, 82 female) were
included in this study. Patient demographics
included an age at fracture ranging from 18 to 95
years (mean 58.25 = 21.40), an average BMI of
27.74 = 6.77 kg/m?, and an average Age-Adjusted
CCl of 3.06 + 2.86.

Jefferson Classification

For the Jefferson classification system, fracture
patterns include Jefferson | (30 patients), Jefferson
[l (39 patients), Jefferson Ill (46 patients), Jefferson
IV (56 patients). In addition, 5 patients sustained
fractures that did not fit an established Jefferson
fracture pattern and 9 patients’ fracture pattern
could not be determined from available records; all
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these patients were excluded from analysis. Jefferson Il and I, and 2 patients fit both Il and IV.

Among the patients with fracture patterns Patient demographics and clinical characteristics
amenable to classification into the Jefferson by Jefferson type are displayed in Appendix A
scheme, 9 patients demonstrated characteristics of (Table Al).

both Jefferson | and Il patterns, 1 patient fit both

Table Al: Demographics and Clinical Characteristics by Jefferson Classification

Table Al: Patient Covariates by Jefferson Classification (N = 173)

Jefferson Classification
Covariate I (n=30) Il (n=39) Il (n=46) |IV (n=56) p-value

56.69 62.76

Age in Years, Mean (SD) 63.50 (23.24)[(19.16) (21.42) 51.27 (20.83) [0.019**
Length of Stay in Days, Mean (SD) 5.13 (5.78) [4.38(4.59) |4.43(5.11) [6.16 (8.76) [0.494
Change in mFI-5 Score while
hospitalized 0.542
-1 0(0.0) 0(0.0) 2(4.5) 1(1.8)
0 28 (100.0) |37 (100.0) 42 (95.5) 53 (96.4)
1 0(0.0) 0(0.0) 0(0.0) 1(1.8)
Polytrauma, n (%) 19 (65.5) |24 (61.5) 20 (44.4) 39 (69.6) 0.068**
High-Energy Fracture, n (%) 9 (31.0) 22 (56.4) 14 (31.8) 33 (58.9) 0.009**
Discharge Disposition 0.159
Home 17 (56.7) 26 (66.7) 29 (63.0) 38 (67.9)
IPR 5 (16.7) 4(10.3) 3(6.5) 10 (17.9)
SNF 4(13.3) 4(10.3) 12 (26.1) 5(8.9)
Hospital Mortality 1(3.3) 0 (0.0) 0(0.0) 0 (0.0)
Other (AMA, Psychiatric or Correctional
facility) 3(10.0) 5(12.8) 2(4.3) 3(5.4)
30-day Readmission, n (%) 0.715
No 27 (93.1) | 36(92.3) 43 (95.6) 52 (92.9)
Yes 1(3.4) 2 (5.1) 2 (4.4) 4(7.1)
na 1(3.4) 1(2.6) 0(0.0) 0(0.0)
mFI-5 Score at Intake, n (%) 0.273
0 12 (41.4) (18 (46.2) 12 (26.7) 30 (53.6)
1 6(20.7) |12(30.8) 14 (31.1) 16 (28.6)
2 7(24.1) |6 (15.4) 13 (28.9) 6 (10.7)
3 3(10.3) 3(7.7) 4(8.9) 4(7.1)
4 1(3.4) 0(0.0) 2 (4.9 0(0.0)
Ambulatory at Discharge, n (%) 0.294
\Walking 16 (59.3) [25 (67.6) 27 (62.8) 29 (52.7)
\Walking with Assistance 7(25.9) |11 (29.7) 14 (32.6) 24 (43.6)
\Wheelchair 3(11.1) 1(2.7) 2(4.7) 2(3.6)
Non-Walking 1(3.7) 0(0.0) 0(0.0) 0(0.0)
Ambulatory at 6 months, n (%) 0.088
\Walking 5(62.5) |13 (100.0) 13 (72.2) |12 (100.0)
\Walking with Assistance 3(37.5) 0(0.0) 4 (22.2) 0(0.0)
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\Wheelchair 0(0.0) 0(0.0) 1(5.6) 0(0.0)

Partially or fully dependent functional

status at 6 months, n (%) 0.178
No 6 (20.7) |13(33.3) 16 (35.6) 11 (19.6)

Yes 1(3.4) 0(0.0) 2 (4.9 0(0.0)

Loss to follow-up 22 (75.9) 26 (66.7) 27 (60.0) 45 (80.4)
Complication, n (%) 3(11.1) [7(7.9 7 (15.6) 2(3.6) 0.128
Dementia, n (%) 6 (20.0) 3(7.7) 7(15.2) 5(8.9) 0.337
Diabetes Mellitus, n (%) 8(26.7) 16(15.8) 13 (28.9) 5(8.9) 0.047**
Age-Adjusted CCI, Mean (SD) 3.93(3.19) [3.13(3.03) |3.89(3.01) [1.84(1.95) [0.001**
90-Day Mortality, n (%) 0(0.0) 1(2.9) 3(6.8) 0(0.0) 0.137
Female Sex, n (%) 16 (53.3) 18 (46.2) 22 (47.8) 26 (46.4) 10.930
BMI Classification, n (%) 0.657
Healthy 9(42.9) |12(38.7) 11 (34.4) 17 (39.5)

Obese 5(23.8) [12(38.7) 10 (31.2) 10 (23.3)
Overweight 7(33.3) [7(22.6) 11 (34.4) 14 (32.6)
Underweight 0 (0.0) 0 (0.0) 0(0.0) 2(4.7)

** Indicates Statistical Significance.

SD = Standard Deviation; mFI-5 = Modified 5-Item Frailty Index; IPR = Inpatient Rehabilitation; SNF =
Skilled Nursing Facility; AMA = Discharge Against Medical Advice; CCl = Charlson Comorbidity Index;
BMI = Body Mass Index.

Patients with Jefferson type IV fracture were
significantly younger (p=0.019), were more likely to
be polytrauma patients (p=0.068), and had the
highest rate of high-energy fracture mechanisms
(p=0.009) among all classification types. Only 4
cases of patient mortality were reported within 90
days among all classification types: one from
Jefferson 1l and three from Jefferson Ill. The
Jefferson IV group had the lowest Age-Adjusted
CCl among all groups (p=0.019). There were no
significant mean differences across classifications
for length of hospital stay when adjusted for
Jefferson classification and Age-Adjusted CCI.

The odds of patients with Jefferson | fracture being
overweight after controlling for Age-Adjusted CCI
was 27.7% higher than Jefferson IV (OR = 1.277).
The odds of Jefferson Il being overweight after
controlling for Age-Adjusted CCIl was 19.7% lower
than Jefferson IV (OR = 0.803). The odds of
Jefferson lll being overweight after controlling for
Age-Adjusted CCl was 51.8% higher than Jefferson
V (OR = 1.518).
recorded in Table 1. Overall, Jefferson IV had the
lowest odds of being overweight or obese after
adjusting for Age-Adjusted CCl when compared
with Jefferson I, Il and .

Results of this analysis were

© 2025 European Society of Medicine 6



Table 1: Effect of BMI on Likelihood of Jefferson Fracture Pattern

Effect Odds Ratio 95% ClI P-Value
Obese: lvs IV 1.026 (0.255, 4.135) 0.971
Ilvs IV 1.701 (0.544, 5.322) 0.362
s v 1.589 (0.478, 5.284) 0.450
Overweight: 1vs IV 1.277 (0.354, 4.602) 0.709
Ilvs IV 0.803 (0.242, 2.666) 0.720
s v 1.518 (0.480, 4.800) 0.477
Underweight: | vs IV 2.074e-08 (<0.001, >999.999) 0.982
Ilvs IV 7.868e-10 (<0.001, >999.999) 0.982
s v 1.931e-09 (<0.001, >999.999) 0.982
CCI Low: lvs IV 6.999e-07 (<0.001, >999.999) 0.949
Ilvs IV 2.202 (0.512, 9.472) 0.289
s v 2.235 (0.476, 10.504) 0.308
CClI High: lvs IV 4.584 (1.406, 14.946) 0.012
Ilvs IV 2.690 (0.935, 7.743) 0.067
s v 4.601 (1.560, 13.569) 0.006

Gehweiler Classification

For the Gehweiler classification system, fracture
patterns included Gehweiler | (48 patients),
Gehweiler 11 (20 patients), Gehweiler Il (37
patients), Gehweiler IV (64 patients), Gehweiler V (8
patients). Additionally, 3 patients had fracture
patterns that did not fit an established pattern, and
9 patients’ fractures were indeterminate based on

available records. These patients were excluded
from analysis. Among the patients with fracture
patterns amenable to classification into the
Gehweiler scheme, 11 were identified as both
Gehweiler 1 and 1V, 1 patient was identified as both
Gehweiler Ill and 1V, 2 patients were both classified
as IV and V, and 1 patient was classified as
Gehweiler 1, IV, and V. Demographics for this
grouping are displayed in Appendix A (Table A2).

Table A2: Demographics and Clinical Characteristics by Gehweiler Classification

Table A2: Patient Covariates by Gehweiler Classification (N = 173)
Gehweiler Classification
Covariate | (n=48) I (n=20) | Il (n=37) | IV (n=64) | V (n=8) | p-value
56.10 66.65 64.24 52.23 49.12
Age in Years, Mean (SD) (20.29) (21.91) (19.72) (21.44) (21.94) | 0.012**
Length of Stay in Days, Mean 15.75
(SD) 5.12 (5.57) | 3.85(3.77) | 3.49 (3.55)| 6.52 (8.74) (30.20) [ 0.008**
Change in mFI-5 Score while
hospitalized 0.323
-1 0(0.0) 0(0.0) 2 (5.6) 0(0.0) 0(0.0)
0 45 (100.0) | 19(100.0) | 34 (94.4) | 60 (98.4) | 8 (100.0)
1 0(0.0) 0(0.0) 0(0.0) 1(1.6) 0(0.0)
Polytrauma, n (%) 31 (66.0) 12 (60.0) [ 11 (29.7) | 48(76.2) | 7 (87.5) | <0.001**
High-Energy Fracture, n (%) 24 (51.1) 6 (30.0) | 10(27.8) | 35(55.6) | 6(75.0) | 0.015**
Discharge Disposition 0.056**
Home 30 (62.5) 12 (60.0) | 24 (64.9) | 44 (68.8) | 6 (75.0)
IPR 6 (12.5) 3(15.0) 0(0.0) | 10 (15.6 0(0.0)
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SNF 5(10.4) 3(15.0) | 11 (29.7) 6(9.4) | 1(12.5)
Hospital Mortality 0 (0.0 1(5.0) 0 (0.0 0(0.0) 0(0.0)
Other (AMA, Psychiatric or
Correctional facility) 7 (14.6) 1(5.0) 2(5.4) 4(6.2) | 1(12.5)
30-day Readmission, n (%) 0.757
No 44 (93.6) 18(90.0) [ 35(94.6) | 61 (96.8) | 8 (100.0)
Yes 2(4.3) 1(5.0) 2 (5.9 2(3.2) 0(0.0)
na 1(2.2) 1(5.0) 0(0.0) 0(0.0) 0(0.0)
mFI-5 Score at Intake, n (%) 0.171
0 22 (46.8) 8 (40.0) 8(21.6)| 34 (54.0) | 6(75.0)
1 14 (29.8) 4(20.0) | 12(32.4) | 16(25.4) | 1 (12.5)
2 8(17.0) 5(25.0) | 10(27.0) 9(14.3) 0(0.0)
3 2(4.3 3 (15.0) 5 (13.5) 4(6.3) | 1(12.5)
4 1(2.1) 0(0.0) 2 (5.9 0(0.0) 0(0.0)
Ambulatory at Discharge, n (%) 0.201
Walking 30 (68.2) 10 (52.6) | 22 (61.1) | 34 (56.7) | 4 (50.0)
Walking with Assistance 13 (29.5) 5(26.3) | 12(33.3) | 24 (40.0) | 3(37.5)
Wheelchair 1(2.3) 3(15.8) 2(5.6) 2(3.3) | 1(12.5)
Non-Walking 0(0.0) 1(5.3) 0(0.0) 0(0.0) 0(0.0)
Ambulatory at 6 months, n (%) 0.112
Walking 15 (100.0) 4(57.1) | 12 (70.6) | 11 (100.0) | 1 (100.0)
Walking with Assistance 0(0.0) 3(42.9) 4 (23.5) 0 (0.0) 0 (0.0)
Wheelchair 0(0.0) 0(0.0) 1(5.9) 0(0.0) 0(0.0)
Partially or fully dependent
functional status at 6 months, n
(%) 0.026**
No 14 (29.8) 5(25.0) | 16 (43.2) | 10(15.9) | 1(12.5)
Yes 0(0.0) 1(5.0) 2 (5.4) 0(0.0) 0(0.0)

Loss to follow-up 33(70.2) 14 (70.0) | 19(51.4) | 53 (84.1) | 7 (87.5)
Complication, n (%) 9(19.1) 1(5.6) 7 (18.9) 2(3.2) | 1(12.5) | 0.048**
Dementia, n (%) 3(6.2) 6 (30.0) 6 (16.2) 6(9.4) | 1(12.5) 0.078
Diabetes Mellitus, n (%) 9(19.1) 4 (20.0) | 11 (30.6) 8(12.5) | 1(12.5) 0.273

1.88
Age-Adjusted CCI, Mean (SD) | 3.02(2.91)| 4.30 (3.40) |4.24 (3.11)| 1.98 (2.05) (2.47) |<0.001**
90-Day Mortality, n (%) 1(2.2) 0(0.0) 3(8.8) 0(0.0) 0(0.0)| 0.085
Female Sex, n (%) 23 (47.9) 11 (55.0) | 16 (43.2) | 33(51.6) | 2(25.0) 0.601
BMI Classification, n (%) 0.575
Healthy 15 (41.7) 6 (37.5) 9(32.1)| 19 (42.2) | 2(33.3)
Obese 12 (33.3) 5(31.2) | 10(35.7) | 10(22.2) 0(0.0)
Overweight 9 (25.0) 5(31.2) 9(32.1)| 14 (31.1) | 4 (66.7)
Underweight 0 (0.0 0 (0.0) 0 (0.0 2(4.4) 0 (0.0)

** Indicates Statistical Significance.

SD = Standard Deviation; mFI-5 = Modified 5-1tem Frailty Index; IPR = Inpatient Rehabilitation; SNF =
Skilled Nursing Facility; AMA = Discharge Against Medical Advice; CCI = Charlson Comorbidity Index;
BMI = Body Mass Index.
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With Gehweiler IV as the reference group, we
conducted subgroup analysis for covariates that
differed significantly across Gehweiler types I-V.
After adjusting for Age-Adjusted CCI, LOS was
significantly higher for patients with Gehweiler V

at fracture (p=0.012) and Age-Adjusted CCI
(p<0.001) were significantly different between
groups. Age at fracture and Age-Adjusted CCI of
Gehweiler IV were significantly different from
Gehweiler Il and lll. Only 4 deaths were recorded

fracture than those with Gehweiler Il or IV within 90 days, one associated with a Gehweiler |
(p=0.008). The percentage of patients with pattern fracture and 3 with Gehweiler Ill pattern.
polytrauma was significantly lower for the

Gehweiler 1l group (p<0.001). The percentage of
high-energy fracture mechanisms was significantly
lower in the Gehweiler Il and Ill groups than other
fracture types (p=0.015). Dependent functional
status at 6 months differed significantly across the
types (p=0.026). Dependent
functional status at 6 months of Gehweiler IV was
significantly different from that of Gehweiler lll. The
incidence of complications differed significantly
across Gehweiler types (p=0.048). The distribution
of complication cases of Gehweiler
significantly different from Gehweiler | and Ill. Age

5 Gehweiler

IV was

Odds of overweight BMI were 10.9% lower for
patients with Gehweiler | fracture compared to
those with Gehweiler IV after controlling for Age-
Adjusted CCI (OR = 0.891). The odds of Gehweiler
Il being overweight after controlling for Age-
Adjusted CCIl was 51.3% higher than Gehweiler IV
(OR = 1.513). The odds of Gehweiler Ill being
overweight after controlling for Age-Adjusted CCI
was 157.4% higher than Gehweiler IV (OR = 2.574).
In general, Gehweiler IV demonstrated the lowest
odds of being overweight or obese after adjusting
for Age-Adjusted CCI. Results of this analysis were
recorded in Table 2.

Table 2: Effect of BMI on Likelihood of Gehweiler Fracture Pattern

Effect Odds Ratio 95% ClI P-Value
Obese: [vs IV 1.528 (0.510, 4.578) 0.449
Ilvs IV 1.771 (0.398, 7.881) 0.453
s IV 2.216 (0.632, 7.768) 0.214
Vs IV 3.802e-12 (<0.001, >999.999) 0.927
Overweight: Il vs IV |0.891 (0.298, 2.669) 0.837
I vs IV |1.513 (0.351, 6.524) 0.579
m vs IV | 1719 (0.501, 5.897) 0.389
Vs IV 2.574 (0.403, 16.441) 0.318
Underweight: | vs IV |2469e-17 (<0.001, >999.999) 0.970
Ilvs IV 2.089e-13 (<0.001, >999.999) 0.976
M vs IV | 9.287e-16 (<0.001, >999.999) 0.973
Vs IV 1.512e-05 (<0.001, >999.999) 0.989
CCI Low: I vs IV ]1.695 (0.413, 6.962) 0.464
Ilvs IV 4.522e-11 (<0.001, >999.999) 0.940
m vs IV | 2815 (0.495, 16.007) 0.243
Vs IV 9.711e-13 (<0.001, >999.999) 0.952
CClI High: I vs IV |]2283 (0.854, 6.104) 0.099
Ilvs IV 8.580 (2.041, 36.070) 0.003
M vs IV |7.960 (2.390, 26.510) 0.001
Vs IV 0.450 (0.046, 4.395) 0.492
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Complications

Within the sample, 9 patients (5.09%) had one or
more documented complications related to their
fracture (Table 3). Complications include persistent
difficulties with neck range of motion, vertebral

artery pseudoaneurysm, cervical radiculopathy,
chronic neck pain, chronic neck weakness, and
aspiration pneumonia (Jefferson I, Gehweiler I).
The most implicated Jefferson fracture patterns
were Il and lll. The most implicated Gehweiler
fracture patterns were | and lll.

Table 3: Complications According to Jefferson and Gehweiler Classification

Table 3: Patient Complications by Jefferson and Gehweiler Classification

Number of

Description of Complication Patients

Jefferson
Classification(s)

Gehweiler
Classification(s)

Persistent limitation in ROM

3

Repeat ground-level fall

2,3

Concussion

w

Aspiration PNA

Chronic neck pain

Chronic vestibular symptoms

Neck weakness

Vertebral artery aneurysm

Need for tracheostomy

Cervical radiculopathy

Deep vein thrombosis

(= =Y = = A= = = [ CN I Ol I N N )

Mortality

WIN|[PRP]|P|W]W||W]W]|F

Burst-type atlas fractures are relatively common,
accounting for up to 13% of all cervical spine
fractures * and usually occur in the setting of
traumatic axial compression °. Both the Jefferson
and Gehweiler classification systems have been
described to categorize atlas fracture morphology.
However, little research has evaluated the utility of
these systems in predicting patient outcomes or
clinical management. This study highlights the role
of patient demographics, injury mechanisms, and
fracture patterns in influencing outcomes for non-
operatively managed stable atlas fractures.
Younger patients with high-energy

demonstrated more favorable overall outcomes,

injuries

while older patients with low-energy mechanisms
faced higher complication rates.

Data comparing the incidence for individual
Jefferson or Gehweiler variant fracture patterns is

sparse as reporting has been limited in the

literature. In a retrospective study of 189 atlas
fractures, Fiedler et al reported that Gehweiler llI
was the most frequent pattern of injury 2 in
contrast, data demonstrated greater
prevalence of type | and type IV fractures. While
the factors that influence the type of ring-splitting
pattern are not well evidenced, our data indicates

our

key demographic differences between fracture
pattern groups that may reflect underlying risk
factors and biomechanical characteristics. Prior
population studies on atlas fracture epidemiology
have reflected bimodal age distribution with peak
incidence around ages 30 and 80 %23, In our
sample, greater incidence of atlas fracture in
younger patients was observed with high-energy
trauma (i.e., motor vehicle accident or fall from
height) versus low-energy mechanisms in older
This with
observations by other authors #2°. Here, patients
who sustained Jefferson type IV and Gehweiler

type IV-V fractures with lateral mass involvement

adults. accords demographic
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also tended to have lower scores for medical
comorbidity. Although this is likely influenced in
part by typical age distribution between groups,
the presence of medical comorbidities may impact
predisposition to complications and is a relevant
factor in determining clinical management.

The classical atlas burst fracture occurs under
direct, forceful axial loading with corresponding
four-part fracturing of the anterior and posterior
arches ¢, regarded under modern classifications as

|Il

a "Jefferson IlI” or “"Gehweiler IlI” variant fracture.
However, in concert with axial compression,
adjunctive forces and neck positioning may exert
greater influence on the separation of C1 ring
components. Lateral neck flexion or neck rotation
may result in lateral mass fractures. Alternatively,
axial loading with flexion may result in anterior ring
fracture due to impaction by the odontoid process
of C2, and extension may lead to posterior ring
fracture via compression between the occiput and
the C2 lamina or spinous process #"2¢, Limited
studies have been conducted to evaluate the
biomechanical principles that influence subtotal
fracturing of the C1 ring. Most existing knowledge
is derived from cadaveric or modeling studies 2%
31 as this is challenging to study in human subjects.
Given the findings of increased frequency of lateral
mass fracture in a young population, it is plausible
that high energy trauma in the young population
may tend to produce a moment of impact involving
greater degrees of lateral flexion or rotation.
Moreover, younger patients may be more
susceptible to injuries of this nature. Conversely,
patients of older age may have a higher degree of
neck motion in flexion or extension during low-
energy injury mechanisms, resulting in anterior or
posterior arches fractures. However, further
dedicated biomechanical studies are needed to
fully illustrate this hypothesis.

Our findings support the use of both the Jefferson
and Gehweiler Classification system as prognostic
tools that may have benefit in managing stable C1
fractures. In this population, we observed that
younger patients with fractures involving the lateral

mass (Jefferson and Gehweiler type 1V) tended to
have a lower risk of acute complications. In
contrast, we observed greater prevalence of
complications both acutely (falls, aspiration
pneumonia) and chronically (range of motion
limitations, persistent radiculopathy) in older
patients with Jefferson and Gehweiler class I-1lI
fractures involving the anterior and posterior
arches. Other authors have described a spectrum
of severe complications secondary to atlas burst
fractures, including injury to Cranial Nerves IX-XII
(Collet-Sicard Syndrome)®?, complete neurologic
injury,  or a residual “cock-robin” neck
deformity®®. Impaired fracture healing has also
been described; Lleu et al reported a non-union
rate of 12.5% across 40 cases of non-operatively
managed atlas fractures®*. While the use of halo
vest immobilization has been reported for upper
cervical complications such as
dysphagia®, pulmonary dysfunction®, pin-site
infection, and mortality®” have raised question
surrounding the suitability of use in more elderly
patients. Our findings of increased baseline risk for

fractures®,

complication in elderly patients with Jefferson and
Gehweiler I-lll fractures suggest that heightened
monitoring protocols may merit consideration for
this population, even when managed with hard
cervical orthoses. Success with collar for durations
of 8-12 weeks have been reported®, though
evidence is mostly limited to case reports and
series. In contrast, early identification of isolated
lateral mass fractures may expedite non-operative
care decisions and potentially facilitate earlier
discharge planning, helping to lessen the
healthcare cost burden associated with cervical
fractures®.

Collectively, the Jefferson and Gehweiler systems
may represent a largely unexplored avenue for
guiding management decisions. While high level
evidence from studies comparing non-operative
and operative management is not available, use of
these schemata for classifying fracture morphology
can serve as an additional tool to aid prediction of
clinical

outcomes with non-operative
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management. Previously, Kandziora et al proposed
that direct osteosynthesis may be warranted for
Gehweiler 1lIB fractures, whereas non-operative
management with hard collar and close monitoring
is appropriate for Gehweiler IlIA fractures®. Our
data suggest that while operative intervention may
not be necessary to achieve bony union, closer
monitoring is indicated not only for type Il
fractures but type | and Il fractures as well. While
prior studies have proposed that lateral mass
fracture and displacement (type IV fracture) may
carry higher risk of ring instability via predisposition
to TAL rupture 274941 our data suggests that lateral
mass involvement alone is not a strict criterion for
operative intervention and that successful non-
operative management of atlas fractures can be
achieved with comparatively lower complication
rate in younger adults. To optimize the practice of
tailoring management to pattern,
comparative studies to validate management
guidelines for Types I-lll versus IV should be
performed in the future.

This study has several limitations. This is a

fracture

retrospective observational study using data from
electronic medical records, which may have limited
data capture. Data were compiled from two
academic regional health systems; although
management for each patient was directed by an
attending fellowship
orthopaedic spine surgeon, practice strategies
including follow-up duration and choice of cervical
orthosis may have introduced variability between
patient cases. In addition, loss to follow-up among
patients may have limited the ability of this study

trained board-certified

to capture long-term outcomes of interest, and
complications relied upon
documentation in medical records. This study did
not compare outcomes between operatively and
non-operatively managed patients nor between
patients with stable versus unstable fractures, both
of which bear meaningfully on outcomes.

occurrence  of

Moreover, although patients who were managed
with halo vest immobilization were excluded, this
study did not compare types of hard collar

immobilization between patients. In the future,
longitudinal studies comparing operative and non-
operative management within each fracture
classification are needed to inform comprehensive
guidelines on optimal management by Jefferson or
Gehweiler subtype. In addition, biomechanical
studies may be undertaken to explore why lateral
mass fractures (Type 1V) are associated with fewer
complications.

The Jefferson and Gehweiler classification schemes
are variably used, and outcomes of stable atlas
fractures as classified by these systems have rarely
been compared in large sample sizes. This study
sought to analyze the systems in parallel and
describe  demographics, risk factors, and
outcomes. In this cohort, patients were generally
middle aged, overweight, and ambulatory with low
scores for frailty and medical comorbidity. A
substantial proportion of patients sustained
fractures involving the lateral mass in one or both
classification systems. Jefferson and Gehweiler I
fractures may be more likely with lower-impact
injury, whereas Jefferson and Gehweiler IV
fractures may be more likely with higher-energy
impact. The overall incidence of complications was
low, although limited follow-up posed a significant
limitation. These findings strengthen the existing
evidence for safety and efficacy of conservative
management and serve as a basis for a direct
comparison of outcomes between operatively and
non-operatively managed cohorts in the future.
More work is needed to fully investigate the
relationship between fracture pattern, type of
conservative management, and occurrence of
complications.
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