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Abstract 

Background  The incidence of upper cervical fractures in elderly individuals is increasing, necessitating enhanced 
treatment approaches.

Method  A retrospective study of 268 elderly patients with upper cervical fractures was conducted to assess inpatient 
outcomes aged 75 and older with atlas and/or axis fractures. Patient risk was evaluated using the ASA score and Charl‑
son comorbidity index (CCI). In-hospital mortality and functional outcomes were assessed, with fracture treatment 
strategies following AO principles.

Results  Patients with C1, C2 or combined fractures did not differ in age, CCI, Barthel score or length of hospital stay 
(p > 0.05). C2 fractures were predominant, and the majority of patients suffered at least from a severe general disease 
(ASA ≥ 3). Comparing operatively and conservatively treated patients, regardless of fracture localization, revealed 
no significant differences in mortality, both overall and time-related. Surgical patients experienced a higher frequency 
of general complications, notably dyspnea. The overall mortality rate was 14.9%, with 15.7% in the nonoperative 
group and 14.4% in the surgical group (p = 0.8628). The overall rate of general complications was 51.4% (n = 51) 
in the nonoperative group and 71.9% (n = 110) in the operatively treated group. Anterior fixation procedures showed 
significantly higher rates of pneumonia and respiratory complications, while mortality and other complications did 
not differ significantly between posterior and anterior surgical approaches.

Conclusion  The in-hospital mortality and morbidity of elderly patients with upper cervical fractures are high 
but do not significantly differ between operatively and nonoperatively treated patients. The complexity of the geri‑
atric patient population highlights the need for peri- and postinpatient geriatric complex treatment, emphasizing 
the importance of establishing geriatric-specialized care structures.
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Background
Upper cervical fractures after falls are among the most 
common fractures in geriatric patients. Underlying causes 
are altered posture with a ventrally shifted center of grav-
ity, osteoporosis and sarcopenia, and a deteriorated sense 
of balance [1, 2]. In addition, there are several comor-
bidities that influence the risk of falls as well as outcomes 
[3, 4]. Osteoporosis is a particular risk factor [5–8], and 
in connection with poor bone quality, even low-energy 
trauma leads to serious injury patterns [3, 9]. In the 
Western world, we are currently in the midst of a rapid 
increase in the aging population. The peak is expected to 
be reached at the beginning of the retirement age of the 
largest birth cohort in 1964. It is estimated that by 2050, 
the proportion of people aged 80 or older in the European 
Union will more than double, reaching 11.4% [10]. As one 
of the effects, odontoid fractures in patients older than 
70 years of age show a significantly increasing incidence 
in the twenty-first century compared with those under 70 
years of age [10]. In this regard, the frequently multimor-
bid patient population plays an overriding role in clinical 
care. In addition to age, common secondary diseases in 
geriatric patients in the literature are diabetes mellitus, 
osteoporosis, and cardiac and pulmonary diseases [5, 11, 
12]. Not least because of the high age, a general mortality 
risk is also found in the group of patients over 75 years 
of age during inpatient treatment [6, 13]. For odontoid 
fractures, different intrahospital mortality rates are found 
in the literature, with most studies focusing on a study 
period beyond the inpatient stay, and it is not always clear 
whether patients died in the inpatient stay or afterwards. 
In these studies, the 1-year mortality for conservatively 
treated patients ranged from 0 to 14%, and for operatively 
treated patients, it ranged from 8 to 37.5% [11, 14–19]. 
A study that purely examined intrahospital outcomes in 
terms of mortality and morbidity does not exist in the lit-
erature. While treatment strategies and care in younger 
patients follow clear guidelines, we still face a major 
challenge with regard to therapeutic decisions regarding 
upper cervical spine fractures in geriatric patients.

Particularly in geriatric patients, we register a high 
rate of nonunion (conservative as well as operative) due 
to poor bone quality, regional biomechanical conditions 
and insufficient blood supply [20].

Thus, in addition to radiological criteria, neurological 
deficits and instability, bone quality and especially patient 
age should be considered in the choice of therapy. Espe-
cially in elderly patients, the treatment strategy is highly 
dependent on various factors. An essential one, however, 
regards the general condition of the patient because in 
addition to the operative risk, the anesthesiologic risk 
increases with increasing age [21–23].

Iyer et al. constructed an operating algorithm for odon-
toid fractures based on the literature [24].

However, it is very important to obtain data on the 
strictly inpatient setting to be able to condition patients 
preoperatively, if necessary.

The purpose of this study was to compare the mor-
bidity and mortality of patients after operative and non-
operative treatment during the inpatient stay. The data 
collected should help to provide a realistic assessment of 
the expected risks of treatment after odontoid fractures 
and C1/2 fractures.

Methods
The present study was approved by the local ethics com-
mittee (Number 306/20-ek). Retrospectively, all patients 
aged ≥ 75  years admitted to a level-1 trauma center 
between December 2012 and April 2018 because of an 
atlas and/or axis fracture following a low-energy trauma 
were identified using the ICD-10 codes S12.0, S12.1, and 
S12.7.

Perioperative risk was evaluated with the ASA-Score 
(American Sociation of Anesthesiology) [5, 11, 12] and 
using the Charlson comorbidity index (CCI) to evalu-
ate the patient´s morbidity [11, 14, 15]. Fractures of the 
atlas were classified according to Gehweiler [16], odon-
toid fractures by Anderson/D’Alonzo [17] and other C2 
fractures.

The primary outcome was in-hospital mortality. Func-
tional outcome was assessed using the Barthel Index, if 
available [18]. The length of hospital stay was determined 
for each patient. For each fracture group osteoporosis was 
documented based on prior diagnosis in medical records, 
previous osteoporosis-related treatment, or available 
DXA/QCT measurements. Routine DXA screening was 
not performed for all patients.

AO stability criteria were utilized to determine the 
treatment strategy. For C1 fractures, surgical indica-
tions were determined based on fracture type and sta-
bility. In particular, unstable type III and IV fractures, as 
described by Fiedler et al. [25] were considered for opera-
tive treatment.

Operative treatment included various fixation tech-
niques. Posterior approaches consisted of C1-2 fusion, 
primarily performed using the Goel/Harms technique, or 
posterior C0-3 fusion in cases of craniocervical instabil-
ity. Anterior procedures included odontoid double screw 
fixation for Anderson-D’Alonzo type II fractures, as well 
as three- and four-screw ventral screw fixation for unsta-
ble fractures and halo fixation. Nonoperative treatment 
was initiated in cases of stable fractures or when the 
patient declined surgery. Nonoperative therapy was per-
formed by immobilization with a soft neck brace.
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Statistical analyses
Data are presented as the mean ± standard deviation 
(SD). Data were analysed regarding a Gaussian distribu-
tion using the Shapiro‒Wilk test. Due to the small num-
ber of operatively treated atlas fractures (n = 3), statistical 
comparisons between nonoperative and operative treat-
ments were avoided. For the CCI of combined atlas and 
axis fractures, a Gaussian distribution was found, and a 
t test was used to compare nonoperative and operative 
therapy.

For the CCI and Barthel of axis fractures, Barthel of 
combined atlas and axis fractures and the data of length 
of hospital stay, a non-Gaussian distribution was found, 
and the Mann‒Whitney test was used to compare non-
operative and operative therapy. To compare nominal 
data of complications between nonoperative and opera-
tive therapy, Fisher´s exact test was used.

The level of significance was defined as p < 0.05. Analy-
ses were performed with Graph Pad Prism software 8 

(GraphPad software, La Jolla, USA). Additionally a Cox 
proportional-hazards regression analysis was performed 
to evaluate the association between patient character-
istics, treatment methods, and in-hospital mortality. 
Independent variables included the ASA score (Ameri-
can Society of Anesthesiology), Charlson Comorbidity 
Index (CCI), treatment method (operative vs. conserva-
tive), and complications (e.g., sepsis, delirium, dyspnea). 
Time-to-event was defined as the duration from hospital 
admission to either death or discharge (censored). Haz-
ard ratios (HRs) and 95% confidence intervals (CIs) were 
calculated. The analysis was conducted using Python 
with the lifelines package. Statistical significance was set 
at p < 0.05.

Results
A total of 268 patients were included in the study. The 
mean age was 84.9 years. There were 115 patients in the 
nonoperative group and 153 patients in the operated 

Fig. 1  Patient flow chart: On the top, a total of 285 patients are mentioned, of which 268 have been included on the right
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group. Ten patients were converted from nonoperative to 
operative treatment, all of whom suffered from a C2 frac-
ture classified as Anderson II (Fig. 1). The functional out-
come was assessed using the Barthel Index, which was 
available for 207 out of the 268 patients.

Patients with C1, C2 or combined fractures did not 
differ in age, CCI, Barthel and length of hospital stay 
(Table  1, p > 0.05). C2 fractures were predominant, and 
the majority of patients suffered at least from a severe 
general disease (ASA ≥ 3).

Comparing operatively and conservatively treated 
patients, independent of the fracture localizations, 
revealed no significant differences in mortality overall 
(p > 0.05; Fig. 2) and time-related (Fig. 3).

The differentiation of patients according to fracture 
localization and therapy is presented in Table 2.

Nonoperatively and operatively treated patients with 
a C2 fracture did not differ in CCI, Barthel, or the num-
ber of patients with an ASA ≥ 3 (p > 0.05). Nonopera-
tively treated patients with a C2 fracture tended to be 
older (p = 0.0563) and had a significantly shorter length 
of hospital stay (p < 0.0001). A shorter length of hospital 
stay (p < 0.0001) was also found for conservatively treated 
patients with a combined C1/2 fracture. Operatively 
treated patients with a combined C1-2 fracture had a sig-
nificantly higher CCI (p = 0.0252) than nonoperatively 
treated patients. No significant difference in CCI was 
observed between the operative and nonoperative groups 
when considering odontoid injuries (p = 0.7257). There 
were no differences in age, Barthel Index or number of 
patients with an ASA ≥ 3 (p > 0.05). The overall mortal-
ity rate was 14.9% (n = 40) nonoperatively 15.7% (n = 18) 
vs. surgically 14.4% (n = 22) (p = 0.8628). There were no 

Table 1  Patient baseline characteristics

C1 (n = 25) C2 (n = 203) C1/2 (n = 40)

Sex (m:f ) 10:25 60:143 12:27

Age 84.1 ± 5.9 84.8 ± 6.1 85.9 ± 5.5

ASA

  2 8 41 1

  3 16 146 31

  4 1 14 8

  5 / 2 /

CCI 5.4 ± 1.6 6.1 ± 1.9 6.13 ± 1.7

Barthel (n =) 50.3 ± 30.9; n = 18 46.3 ± 31.0; n = 162 40.7 ± 34.6; n = 27

Length of hospital Stay (d) 10.5 ± 6.7 13.1 ± 11.15 14.4 ± 10.1

Osteoporosis 4 45 5

Mortality 2 26 12

Fig. 2  Mortality: surgical vs. nonsurgical: shows the number of patients who died and survived after surgery on the right and nonoperative 
treatment on the left
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significant differences between nonoperatively and opera-
tively treated patients regarding the diagnosis of osteopo-
rosis and mortality for all fracture localizations (p > 0.05).

The complications are summarized in Table  3. The 
number of patients suffering from dyspnea was signifi-
cantly higher in the operatively treated group (Table 3).

Fig. 3  Kaplan‒Meier survival curve showing the probability of survival on the y-axis. On the x-axis are the days of survival comparing operative 
(red) and conservatively treated patients (black)

Table 2  Shows the division of the fractures from Table 1 into operative and conservative groups by the same parameters but divided 
into the two groups that were considered separate in this study

C1 C2 C1/2

Conservative N 22 81 12

Sex (m:f ) 9:13 22:59 5:7

Age 84.26.0 85.96.6 86.45.9

ASA 3 14 60 11

CCI 5.41.6 6.11.9 5.31.3

Barthel (n=) 50.331.84; n=17 47.532.1; n=60 29.437.6; n=8

Length of hospital stay 9.76.7 8.28.3 8.88.6

Osteoporosis 4 18 2

Mortality 1 11 6

Surgery N 3 122 28

Sex (m:f ) 1:2 38:84 8:20

Age 83.36.1 84.06.6 85.65.4

ASA 3 3 102 28

CCI 6.32.1 61.9 6.51.7

Barthel (n=) 50; n=1 45.530.6; n=102 45.533.2; n=19

Length of hospital stay 16.33.8 16.411.6 16.99.8

Osteoporosis 0 27 3

Mortality 1 15 6
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The overall rate of general complications was 51.4% 
(n = 51) in the nonoperative group and 71.9% (n = 110) in 
the operatively treated group. The overall surgical com-
plication rate was 12.42% (n = 19).

Of these patients, 21 had a C2 fracture, and one had 
a C1 fracture. In the C2 group, the surgical approach 
showed no significant differences (anterior, n = 18; pos-
terior, n = 3; p = 0.1253). Preoperatively, four patients 
suffered from COPD, and one suffered from pulmonary 

fibrosis. The complications of the surgical procedures 
were summarized in Table  4. The in-hospital mortality 
rate for posterior fixation was 13.3% (6/45), compared to 
12.3% (13/106) for anterior fixation. Statistical analysis 
revealed no significant difference (p = 0.82).

Pneumonia was significantly more frequent in the 
anterior fixation group (15.1%, 16/106) compared to the 
posterior fixation group (6.7%, 3/45) (p = 0.03). Similarly, 
respiratory complications occurred more often in the 

Table 3  Shows the rate of complications in conservatively and surgically treated patients, divided into general complications in both 
groups on the top with the p value on the right and, especially, surgical complications only in the group with surgical treatment. Every 
complication is shown with the absolute amount on the left and the relative amount on the right

Conservative (n = 115) Surgery (n = 153)

Absolute amount (n) Relative Amount (%) Absolute amount (n) Relative Amount (%) p-Value

Neurological Deficit 9 7,89 5 3,31 p = 0.1634

Delir 3 2,63 12 7,95 p = 0.1044

Reanimation 6 5,26 12 7,95 p = 0.4654

Impaired Mobilization 3 2,63 13 8,61 p = 0.0656

Dyspnoea 7 6,14 22 14,57 p = 0.0305

Sepsis 4 3,51 7 4,64 p = 0.7621

Urinary Tract Infection 9 7,89 21 13,91 p = 0.1701

Pneumonia 10 8,77 18 11,92 p = 0.4291

Bleeding / 10 6,62

Deep Wound Infection 5 3,31

Malpositioning /Loosening 4 2,65

Table 4  Summarizes the rates of complications and in-hospital mortality for posterior and anterior fixation groups
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anterior fixation group (16.0%, 17/106) than in the pos-
terior group (6.7%, 3/45) (p = 0.02). Rates of urinary tract 
infections (p = 0.48), sepsis (p = 0.69), difficult mobiliza-
tion (p = 0.93), reanimation (p = 0.78), wound healing 
disorders (p = 0.91), delirium (p = 0.52), and neurologi-
cal deficits (p = 0.91) did not differ significantly between 
the groups. Bleeding rates were higher in posterior fixa-
tion (11.1%, 5/45) compared to anterior fixation (4.7%, 
5/106), but this difference was not statistically significant 
(p = 0.41). Material malposition was observed only in 
the anterior group (4.7%, 5/106), with a non-significant 
p-value (p = 0.12) (Table 4).

Among patients who underwent posterior occipitocer-
vical fusion (C0-3 fixation), no postoperative swallow-
ing dysfunction was documented. A thorough review of 
medical records revealed no cases of dysphagia requiring 
intervention. Given the small number of patients with 
occipitocervical fixation, a direct statistical comparison 
was not performed. However, no significant differences 
in overall postoperative complications or life prognosis 
were observed between patients with occipitocervical 
fixation and those without. Due to the small sample size 
of operatively treated C1 fractures, a statistical analysis 
was not performed.

The ASA score was identified as a significant predictor 
of in-hospital mortality, with a hazard ratio (HR) of 4.104 
(p < 0.001), indicating an increased mortality risk with 
higher ASA scores. Among complications, sepsis was 
strongly associated with mortality, with a hazard ratio 
of 8.271 (p < 0.001). No significant difference in mortal-
ity was observed between operative and conservative 
treatment groups (HR = 0.960; p = 0.518). The Charlson 
Comorbidity Index (CCI) showed a weak association 

with mortality (HR = 1.013; p = 0.061). Operative treat-
ment was linked to higher rates of respiratory complica-
tions, including dyspnea and pneumonia, particularly in 
anterior surgical approaches, without a significant impact 
on overall mortality (Fig. 4, Table 5).

Discussion
Axial fractures are the most common injuries of the cer-
vical spine in geriatric patients [19].

Degeneration in the atlanto-odontoid joint is found 
in 42% of patients aged 70 and 61% of patients aged 80 
years, with an incidence of 90% from a median age of 79 
years [13]. A variety of factors play a significant role in 
deciding on the treatment strategy, including osteoporo-
sis, delayed healing, pseudarthrosis risk, pain and surgi-
cal risk increase as well as the risk of complications.

There are two basic approaches to the therapeutic 
option available. On the one hand, conservative therapy 
with the application of a soft collar brace versus surgical 
therapy via a dorsal or ventral approach is under discus-
sion. While halo fixation is a recognized treatment for 
cervical spine fractures, it is often associated with high 
rates of complications, particularly in elderly patients. In 
our study, only one patient underwent halo fixation and 
experienced pneumonia as a complication. This aligns 
with findings by Muzumdar et  al. (2006), who reported 
a 14% perioperative mortality rate in elderly patients 
treated with halo fixation, alongside complications such 
as respiratory distress, dysphagia, and pin-related issues 
[26]. The high complication rates may reflect significant 
underlying disease processes in this patient population.

The patients in our study had an average age of 84.9 
years. Octogenarians or people over the age of 80 are at 

Fig. 4  Hazard ratios with 95% confidence intervals for predictors of in-hospital mortality. Red dashed line at HR = 1 indicates no effect
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an increased risk for fractures due to age-related changes 
in bone strength and density [9, 10].

In a meta-analysis by Johnell and Kanis (2006), the risk 
of vertebral fractures was 14 times higher in women over 
80 years of age than in women 50–59 years of age.

However, odontoid fractures have increased signifi-
cantly over the last two decades. A Swedish registry study 
by Robinson et al. also showed that there is a trend that 
older patients are receiving less surgery than younger 
patients [27].

Whether surgically or conservatively treated, all 
patients had a certain baseline risk for longer recovery 
time than a younger patient and is expected to have more 
complications. which is reflected in the CCI and ASA.

In our study, the ASA score and sepsis were identified 
as the most significant predictors of in-hospital mortal-
ity in elderly patients with upper cervical spine fractures. 
A hazard ratio (HR) of 4.104 for the ASA score empha-
sizes its strong association with mortality, consistent with 
findings from previous studies, where ASA ≥ 3 has been 
shown to significantly increase perioperative risks [28]. 
Sepsis demonstrated an even stronger impact on mor-
tality, with an HR of 8.271, aligning with literature that 
highlights the critical role of infection management in 
reducing mortality rates among geriatric patients [29].

Interestingly, the Charlson Comorbidity Index 
(CCI) showed only a weak association with mortality 
(HR = 1.013), suggesting that while comorbidities remain 
relevant, the ASA score may be a more robust predictor 
in this context. This aligns with prior studies indicating 
that the ASA score often outperforms CCI in predicting 

surgical outcomes, particularly in elderly populations 
with significant baseline risks.

Our findings revealed no significant difference in mor-
tality between operative and conservative treatment 
groups (HR = 0.960), a result consistent with the litera-
ture [30]. Studies have shown that treatment modality 
itself may not be the primary determinant of survival but 
rather that outcomes depend on patient-specific factors 
such as overall health and comorbidities.

The higher rates of respiratory complications, including 
dyspnea and pneumonia, in operatively treated patients, 
particularly following anterior approaches, further 
emphasize the importance of individualized treatment 
strategies. Similar trends were observed in studies by 
Robinson et  al. [27], which noted increased respiratory 
risks with anterior surgical approaches [27].

We found no significant differences in fragility fracture 
occurrence between men and women. However, women 
are at higher risk of vertebral fractures than men due to 
osteoporosis and postmenopausal changes. In a study 
involving 225 patients (113 males and 112 females) with 
an average age of 79.7 years (range 65–98), C2 type frac-
tures were the most common (21.8%). The surgical group 
had higher rates of pneumonia and cardiac and respira-
tory failure. However, there was no significant difference 
in mortality between the groups [31].

In elderly individuals, White et  al. showed that the 
most common complications were heart failure, throm-
bosis, stroke, pneumonia, respiratory failure, liver failure, 
and severe infections. In addition, it was shown that the 
rate of serious respiratory complications did not differ 

Table 5  Hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) and p-values for predictors of in-hospital mortality
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between anterior and posterior care, which is consistent 
with our results.

In our study, no significant differences in mortality 
were found between the surgically treated group and 
the nonoperatively treated group. Chapman et  al. [15] 
reported a higher 30-day mortality rate in the nonopera-
tively treated group (p < 0.0001) of 7% (n = 11) operatively 
vs. 22% (n = 35) nonoperatively with a comorbidity rate 
(Charlson Comorbitity score of 1.1 + −1.5 operatively vs. 
1.4 + −1.1 nonoperatively). In their population with 322 
patients (mean age 81.8), the overall mortality was 14%.

Compared to this study, we found a sixfold higher CCI 
in our study population with C2 fractures (6.1 ± 1.9 in 
both groups).

There was a significant difference in CCI between 
the operative and nonoperative groups when consider-
ing C1/2 injuries (p = 0.0252). Patients from the surgical 
group appeared to be significantly sicker than the nonop-
erative patients.

The overall complication rate in our study was 51.4% 
(n = 51) in the conservative group. In the surgical group, 
the complication rate was 71%, and the most common 
complications were dyspnea, urinary tract infection, 
pneumonia and delirium. In contrast, surgery-related 
complications were found in 12.42% of cases. Osteopo-
rosis and comorbidities are the main factors for the high 
complication rate in surgically treated patients, which 
may explain the lower length of hospital stay in the con-
servative group.

In a study by Yue et al. [6], 442 patients aged more than 
80 years (octogenarians) who had been treated surgically 
for a C2 fracture were examined; the mortality rate was 
9.7%, while the complication rate was 38.5%.

In a meta-analysis by Deng et al. [7] examining a total 
of 22 studies (case series and retrospective studies), the 
authors found that there was a higher complication rate 
in the surgical group (38.9%, 58/149; vs. 24.5%, 26/106), 
while no difference was found in mortality. In our group, 
there were no differences in the comorbidity rate (com-
plication rate), except in dyspnea (p = 0.454), where there 
were significantly higher complications. The authors con-
cluded that neither method showed any advantage surgi-
cally nor conservatively. Moreover, they pointed out that 
the limitation of their meta-analysis was the low quality 
of the available evidence [8]. In this regard, we looked 
at whether access morbidity plays a role and analysed 
whether the use of a dorsal or ventral approach may have 
an impact on dyspnoea but found no correlation.

Regarding surgical treatment procedures, our study 
identified significantly higher rates of pneumonia (15.1% 
vs. 6.7%, p = 0.03) and respiratory complications (16.0% 
vs. 6.7%, p = 0.02) in the anterior fixation group com-
pared to posterior fixation. These findings are consistent 

with Boddapati et  al. (2021), who reported respiratory 
compromise as a rare but severe complication of ante-
rior cervical spine surgery, with an incidence of 0.57% in 
a large cohort. Risk factors identified included prolonged 
operative time, preoperative myelopathy, and multi-level 
procedures, which may explain the increased respiratory 
risks associated with anterior approaches [32].

Similarly, Cheung and Luk [33] highlighted that both 
anterior and posterior approaches present specific 
risks, emphasizing the importance of tailoring surgical 
decisions to the patient’s pathology and overall health 
[33]. While anterior fixation remains essential for cer-
tain indications, our findings suggest that posterior 
fixation may be a safer option for elderly patients at ele-
vated risk of respiratory complications.

However, a French multicenter study examined con-
servative and surgical treatment of odontoid fractures 
in patients and found a significant overall mortality 
rate in the group older than 70 years of 16% within 1 
year of observation [34]. There are several risk fac-
tors in the literature that increase mortality. A study 
by Ryang et  al. [35] found that patients with multiple 
comorbidities had a higher mortality risk than patients 
without comorbidities. Additionally, delays in diagnosis 
and treatment may increase mortality risk. A study by 
Chibbaro et al. [36] found that a higher CCI is statisti-
cally associated with a higher nonunion rate. Even with 
a complication rate of 11%, a study by Ishak et al. [37] 
concluded that surgery should be considered the first-
choice treatment. A study by Platzer et  al. [38] found 
that delayed timing of surgery may increase the risk of 
postoperative complications. Moreover, the severity 
and type of fracture may also influence mortality risk. A 
study by Sheikh al [39] found a higher mortality rate in 
patients with severe odontoid fractures than in patients 
with less severe fractures.

We found no significant differences in gender. How-
ever, women have a higher risk of vertebral fractures than 
men due to osteoporosis and hormonal changes. Accord-
ing to a study by Kaesmacher et  al., osteoporosis is the 
most important risk factor for odontoid fractures in 
elderly individuals [40].

Furthermore, with the geriatric patient population, it 
should be considered that geriatric adapted departments 
should be established. Furthermore, a basis for discus-
sion should be created regarding whether older patients 
should be connected to geriatric facilities after discharge. 
Management by orthogeriatric care models may be par-
ticularly beneficial for older patients with fractures of the 
dens axis, atlas, and C1/2.

According to the literature, there are studies on hip frac-
tures in which the implementation of orthogeriatric care 
models has improved outcomes in terms of in-hospital 
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mortality, 1-year mortality and length of stay [41]. Geriat-
ric centers can potentially improve outcomes by providing 
tailored care that addresses comorbidities, fall prevention, 
and rehabilitation. Standardized protocols and interdisci-
plinary collaboration may enhance the treatment of dens 
axis, atlas, and C1/2 fractures. Van Heghe et al. suggested 
that geriatric-focused care could significantly reduce mor-
tality and morbidity in elderly patients [26].

Limitations
This study has several limitations inherent to its ret-
rospective design, which impacts the interpretation of 
our findings. As this is a retrospective study, treatment 
selection bias is an inherent limitation. The decision for 
conservative versus surgical management was not ran-
domized and may have been influenced by factors such 
as fracture characteristics, surgeon experience, and 
institutional treatment protocols. Moreover, the choice 
of treatment (anterior vs. posterior fixation) was not 
randomized and may have been influenced by surgeon 
preference, patient comorbidities, or fracture character-
istics. These biases may have led to systematic differences 
between treatment groups that are unrelated to the surgi-
cal approach itself.

Additionally, the retrospective nature limits our ability 
to control for unmeasured confounders, such as differ-
ences in perioperative care, rehabilitation protocols, or 
surgeon expertise, all of which could influence outcomes. 
Information bias is also a concern, as this study relies on 
pre-existing medical records, which may vary in quality 
and completeness. Missing or inconsistently documented 
data could obscure true associations or introduce inaccu-
racies in the reported complication rates. As osteoporo-
sis diagnosis was based on existing medical records and 
not on systematic DXA screening, the true prevalence 
of osteoporosis in our cohort may be underestimated. 
Given the high reported prevalence of osteoporosis in 
octogenarians, this limitation should be considered when 
interpreting our findings.

Lastly, retrospective studies inherently lack the abil-
ity to establish causal relationships. While our statistical 
adjustments account for key covariates, such as age and 
comorbidities, residual confounding cannot be excluded. 
These limitations highlight the need for prospective or 
randomized studies to confirm our findings and provide 
a clearer understanding of the comparative risks and 
benefits of anterior versus posterior fixation in elderly 
patients with cervical spine fractures."

Conclusion
The management of elderly patients with injuries of the 
1st and 2nd cervical vertebra is a demographic chal-
lenge with a growing incidence. We demonstrated that 

in-hospital mortality and morbidity are high but did not 
differ between operatively and nonoperatively treated 
patients. The CCI and Barthel show the measure of the 
complexity of the patient population, which from our 
point of view needs peri- and postinpatient geriatric 
complex treatment. If possible, this should be adequately 
considered and, if necessary, cared for in the inpatient 
setting and underscores the necessity of establishing geri-
atric-specialized care structures.

Abbreviations
ASA	� American Sociation of Anasthesiology
CCI	� Charlson Comorbidity Index
SD	� Standard Deviation
COPD	� Chronic obstructive pulmonary disease

Acknowledgements
None.

Authors’ contributions
J.K. and N.H.V.D.H. wrote the main text of the manuscript and performed the data 
analyses. P.P. prepared the figures and helped with the statistical analysis and the 
methodological part. G.O. and U.J.A.S. helped with the discussion and formulation 
of the research question. C.-E. Heyde had the idea for the study and drafted the 
study design and supervised all analyses. All authors reviewed the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No funds were 
received in support of this work. No relevant financial activities outside the 
submitted work.

Data availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the local ethics committee (Number 306/20-ek).
I have attached a statement of waiver of informed consent from our Ethics 
Committee (Medizinische Fakultät Ethik-Komission, Prof. Dr. Dr. Ortrun Riha), 
along with the full name of the committee/board that waived the need for 
informed consent for the study.

Consent for publication
All authors approve the manuscript and give their consent for submission and 
publication.

Competing interests
The authors declare no competing interests.

Author details
1 Department for Orthopaedics, Trauma Surgery and Plastic Surgery, Uni‑
versity Hospital Leipzig, Liebigstr. 18, Leipzig 04103, Germany. 2 Department 
of Anesthesiology and Intensive Care Medicine, Heart Center Leipzig, Leipzig, 
Germany. 3 Department for Orthopaedics, Trauma Surgery and Plastic Surgery, 
Munich Harlaching Hospital, Munich, Germany. 

Received: 6 November 2023   Accepted: 13 March 2025

References
	1. 	 Gong H, Sun L, Yang R, et al. Changes of upright body posture in 

the sagittal plane of men and women occurring with aging - a cross 



Page 11 of 11von der Höh et al. BMC Geriatrics          (2025) 25:237 	

sectional study. BMC Geriatr. 2019;19(1). https://​doi.​org/​10.​1186/​
s12877-​019-​1096-0.

	2. 	 Hsu WL, Chen CY, Tsauo JY, Yang RS. Balance control in elderly people 
with osteoporosis. J Formosan Med Assoc. 2014;113(6):334–9. https://​doi.​
org/​10.​1016/J.​JFMA.​2014.​02.​006.

	3. 	 Morishita S, Yoshii T, Okawa A, et al. Risk factors related to periopera‑
tive systemic complications and mortality in elderly patients with 
osteoporotic vertebral fractures—analysis of a large national inpatient 
database. J Orthop Surg Res. 2020;15(1): 518. https://​doi.​org/​10.​1186/​
s13018-​020-​02050-5.

	4. 	 Demers Lavelle EA, Cheney R, Lavelle WF. Mortality Prediction in a 
Vertebral Compression Fracture Population: the ASA Physical Status Score 
versus the Charlson Comorbidity Index. https://​doi.​org/​10.​14444/​2063.

	5. 	 Owens W, Felts J, Spitznagel E. ASA physical status classifications: a study 
of consistency of ratings. Anesthesiology. 1978;49:239–43.

	6. 	 Yue JK, Ordaz A, Winkler EA, et al. Predictors of 30-day outcomes in octoge‑
narians with traumatic C2 fractures undergoing surgery. World Neurosurg. 
2018;116:e1214–22. https://​doi.​org/​10.​1016/j.​wneu.​2018.​05.​237.

	7. 	 Deng H, Yue JK, Upadhyaula PS, et al. Odontoid fractures in the 
octogenarian: a systematic review and meta-analysis. J Neurosurg Sci. 
2016;60(4):543–55.

	8. 	 Pommier B, Ollier E, Pelletier JB, Castel X, Vassal F, Tetard MC. Conservative 
versus surgical treatment for odontoid fracture: is the surgical treat‑
ment harmful? Systematic review and meta-analysis. World Neurosurg. 
2020;141:490-499.e2. https://​doi.​org/​10.​1016/j.​wneu.​2020.​02.​169.

	9. 	 Zhou J, Liu B, Qin MZ, Liu JP. A prospective cohort study of the risk factors 
for new falls and fragility fractures in self-caring elderly patients aged 
80 years and over. BMC Geriatr. 2021;21(1): 116. https://​doi.​org/​10.​1186/​
s12877-​021-​02043-x.

	10. 	 Eatock D. EINGEHENDE ANALYSE EPRS | Wissenschaftlicher Dienst des 
Europäischen Parlaments. https://​doi.​org/​10.​2861/​869.

	11. 	 Whitmore RG, Stephen JH, Vernick C, et al. ASA grade and Charlson 
Comorbidity Index of spinal surgery patients: correlation with compli‑
cations and societal costs. Spine J. 2014;14(1):31–8. https://​doi.​org/​10.​
1016/j.​spinee.​2013.​03.​011.

	12. 	 Dripps R, Lamont A, Eckenhoff J. The role of anaesthesia in surgical mor‑
tality. JAMA. 1961;178(3):261–6.

	13. 	 Hajibandeh S, Hajibandeh S, Antoniou GA, Antoniou SA. Meta-analysis of 
mortality risk in octogenarians undergoing emergency general surgery 
operations. Surgery. 2021;169(6):1407–16. https://​doi.​org/​10.​1016/J.​SURG.​
2020.​11.​027.

	14. 	 Woods B, Hohl J, Braly B, Donaldson W, Kang J, Lee Y. Mortality in elderly 
patients following operative and nonoperative management of odontoid 
fractures. J Spinal Discord Tech. 2014;27(6):321–6.

	15. 	 Chapman J, Smith JS, Kopjar B, et al. The AOSpine North America 
geriatric odontoid fracture mortality study. Spine (Phila Pa 1976). 
2013;38(13):1098–104. https://​doi.​org/​10.​1097/​brs.​0b013​e3182​86f0cf.

	16. 	 Gehweiler JA Jr, Duff DE, Martinez S, Miller MD, Clark WM. Fractures of the 
atlas vertebra. Skeletal Radiol. 1976;1(2):97–102.

	17. 	 Anderson L, D’Alonzo RT. Fractures of the odontoid process of the axis. J 
Bone Joint Surg Br. 1974;56(8):1663–74.

	18. 	 Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index. Mary‑
land State Med J. 1965;14:61–5.

	19. 	 Pearson AM, Martin BI, Lindsey M, Mirza SK. C2 vertebral fractures in the 
medicare population incidence, outcomes, and costs. J Bone Joint Surg 
Am Volume. 2016;98(6):449–56. https://​doi.​org/​10.​2106/​JBJS.O.​00468.

	20. 	 Vaccaro AR, Kepler CK, Kopjar B, et al. Functional and quality-of-life out‑
comes in geriatric patients with type-ii dens fracture. J Bone Joint Surg 
Series A. 2013;95(8):729–35. https://​doi.​org/​10.​2106/​JBJS.K.​01636.

	21. 	 Fehlings MG, Arun R, Vaccaro AR, Arnold PM, Chapman JR, Kopjar B. 
Predictors of treatment outcomes in geriatric patients with odontoid 
fractures: AOSpine North America multicentre prospective GOF study. 
Spine (Phila Pa 1976). 2013;38(11):881–6. https://​doi.​org/​10.​1097/​BRS.​
0B013​E3182​8314EE.

	22. 	 Fleischmann KE, Goldman L, Young B, Lee TH. Association between 
cardiac and noncardiac complications in patients undergoing non‑
cardiac surgery: outcomes and effects on length of stay. Am J Med. 
2003;115(7):515–20. https://​doi.​org/​10.​1016/​S0002-​9343(03)​00474-1.

	23. 	 Rasmussen LS, Johnson T, Kuipers HM, et al. Does anaesthesia cause post‑
operative cognitive dysfunction? A randomized study of regional versus 

general anaesthesia in 438 elderly patients. Acta Anaesthesiol Scand. 
2003;47(3):260–6. https://​doi.​org/​10.​1034/J.​1399-​6576.​2003.​00057.X.

	24. 	 Iyer S, Hurlbert R, Albert T. Management of odontoid fractures in the 
elderly: a review ofthe literature and an evidence-based treatment 
algorithm Sravisht. Clin Neurosurg. 2018;82(4):419–30. https://​doi.​org/​10.​
1093/​neuros/​nyx546.

	25. 	 Fiedler N, Spiegl UJA, Jarvers JS, Josten C, Heyde CE, Osterhoff G. 
Epidemiology and management of atlas fractures. Eur Spine J. 
2020;29(10):2477–83. https://​doi.​org/​10.​1007/​s00586-​020-​06317-7.

	26. 	 Muzumdar DP, Goel A. Atlantoaxial dislocation: a review. Neurol India. 
2005;53(4):408–15.

	27. 	 Robinson AL, Olerud C, Robinson Y. Epidemiology of C2 fractures in the 
21st century: a national registry cohort study of 6,370 patients from 1997 to 
2014. Adv Orthop. 2017;2017:1–8. https://​doi.​org/​10.​1155/​2017/​65168​93.

	28. 	 El-Hajj VG, Singh A, Fletcher-Sandersjöö et al . Long-term outcomes after 
surgery for subaxial cervical spine injuries in octogenarians: a matched 
population-based cohort study. Euro Spine J. 2024;33(8):3099 3108. 
https://​doi.​org/​10.​1007/​s00586-​024-​08312-8.

	29. 	 Sander AL, Laurer H, Lehnert M, et al. Management of odontoid fractures 
in the elderly: recommendations based on a review of the literature. Eur J 
Trauma Emerg Surg. 2011;37(2):129–36.

	30.	 Sander AL, El Saman A, Delfosse P, Wutzler S, Meier S, Marzi I, Laurer H. 
Cervical spine fractures in the elderly: morbidity and mortality after 
operative treatment. Eur J Trauma Emerg Surg. 2013;39(5):469–76. https://​
doi.​org/​10.​1007/​s00068-​013-​0311-5.

	31. 	 Bokhari AR, Sivakumar B, Sefton A, et al. Morbidity and mortality in 
cervical spine injuries in elderly individuals. ANZ J Surg. 2019;89(4):412–7. 
https://​doi.​org/​10.​1111/​ans.​14875.

	32. 	 Boddapati V, Lee NJ, Mathew J, et al. Respiratory compromise after 
anterior cervical spine surgery: Incidence, subsequent complications, and 
independent predictors. Global Spine J. 2022;12(8):1647–54. https://​doi.​
org/​10.​1177/​21925​68220​984469.

	33. 	 Cheung JPY, Luk KDK. Complications of anterior and posterior cervical 
spine surgery. Asian Spine Journal. 2016;10(2):385–400.

	34. 	 Charles YP, Ntilikina Y, Blondel B, et al. Mortality, complication, and 
fusion rates of patients with odontoid fracture: the impact of age and 
comorbidities in 204 cases. Arch Orthop Trauma Surg. 2019;139(1):43–51. 
https://​doi.​org/​10.​1007/​s00402-​018-​3050-6.

	35. 	 Ryang YM, Török E, Janssen I, et al. Early morbidity and mortality in 50 
very elderly patients after posterior atlantoaxial fusion for traumatic 
odontoid fractures. World Neurosurg. 2016;87:381–91. https://​doi.​org/​10.​
1016/J.​WNEU.​2015.​12.​026.

	36. 	 Chibbaro S, Mallereau CH, Ganau M, et al. Odontoid Type II fractures in 
elderly: what are the real management goals and how to best achieve 
them? A multicenter European study on functional outcome. Neurosurg 
Rev. 2022;45(1):709–18. https://​doi.​org/​10.​1007/​s10143-​021-​01594-2.

	37. 	 Ishak B, Schneider T, Gimmy V, Unterberg AW, Kiening KL. Early complica‑
tions, morbidity, and mortality in octogenarians and nonagenarians 
undergoing posterior intra-operative spinal navigation-based C1/2 fusion 
for type II odontoid process fractures. J Neurotrauma. 2017;34(24):3326–
35. https://​doi.​org/​10.​1089/​neu.​2017.​4968.

	38. 	 Platzer P, Hauswirth N, Jaindl M, Chatwani S, Vecsei V, Gaebler C. Delayed 
or missed diagnosis of cervical spine injuries. J Trauma. 2006;61(1):150–5. 
https://​doi.​org/​10.​1097/​01.​ta.​00001​96673.​58429.​2a.

	39. 	 Sheikh HQ, Athanassacopoulos M, Doshi AB, et al. Early mortality and 
morbidity following a type II odontoid fracture in elderly individuals. The 
Surgeon. 2018;16(5):297–301. https://​doi.​org/​10.​1016/J.​SURGE.​2018.​03.​
007.

	40. 	 Kaesmacher J, Schweizer C, Valentinitsch A, et al. Osteoporosis is the most 
important risk factor for odontoid fractures in the elderly. J Bone Miner 
Res. 2017;32(7):1582–8. https://​doi.​org/​10.​1002/​jbmr.​3120.

	41. 	 Van Heghe A, Mordant G, DuPont J, Dejaeger M, Laurent MR, Gielen 
E. Effects of orthogeriatric care models on outcomes of hip fracture 
patients: a systematic review and meta-analysis. Calcif Tissue Int. 
2022;110(2):162–84. https://​doi.​org/​10.​1007/​s00223-​021-​00913-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s12877-019-1096-0
https://doi.org/10.1186/s12877-019-1096-0
https://doi.org/10.1016/J.JFMA.2014.02.006
https://doi.org/10.1016/J.JFMA.2014.02.006
https://doi.org/10.1186/s13018-020-02050-5
https://doi.org/10.1186/s13018-020-02050-5
https://doi.org/10.14444/2063
https://doi.org/10.1016/j.wneu.2018.05.237
https://doi.org/10.1016/j.wneu.2020.02.169
https://doi.org/10.1186/s12877-021-02043-x
https://doi.org/10.1186/s12877-021-02043-x
https://doi.org/10.2861/869
https://doi.org/10.1016/j.spinee.2013.03.011
https://doi.org/10.1016/j.spinee.2013.03.011
https://doi.org/10.1016/J.SURG.2020.11.027
https://doi.org/10.1016/J.SURG.2020.11.027
https://doi.org/10.1097/brs.0b013e318286f0cf
https://doi.org/10.2106/JBJS.O.00468
https://doi.org/10.2106/JBJS.K.01636
https://doi.org/10.1097/BRS.0B013E31828314EE
https://doi.org/10.1097/BRS.0B013E31828314EE
https://doi.org/10.1016/S0002-9343(03)00474-1
https://doi.org/10.1034/J.1399-6576.2003.00057.X
https://doi.org/10.1093/neuros/nyx546
https://doi.org/10.1093/neuros/nyx546
https://doi.org/10.1007/s00586-020-06317-7
https://doi.org/10.1155/2017/6516893
https://doi.org/10.1007/s00586-024-08312-8
https://doi.org/10.1007/s00068-013-0311-5
https://doi.org/10.1007/s00068-013-0311-5
https://doi.org/10.1111/ans.14875
https://doi.org/10.1177/2192568220984469
https://doi.org/10.1177/2192568220984469
https://doi.org/10.1007/s00402-018-3050-6
https://doi.org/10.1016/J.WNEU.2015.12.026
https://doi.org/10.1016/J.WNEU.2015.12.026
https://doi.org/10.1007/s10143-021-01594-2
https://doi.org/10.1089/neu.2017.4968
https://doi.org/10.1097/01.ta.0000196673.58429.2a
https://doi.org/10.1016/J.SURGE.2018.03.007
https://doi.org/10.1016/J.SURGE.2018.03.007
https://doi.org/10.1002/jbmr.3120
https://doi.org/10.1007/s00223-021-00913-5

	Inpatient outcomes of upper cervical fractures in the elderly: a retrospective analysis of 268 cases
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Background
	Methods
	Statistical analyses

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


