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a b s t r a c t 

Background: Bicyclists are vulnerable road users. The aim of this paper was to describe all bicycle-related trau- 

matic cervical spine injuries (CSIs) in the South-East region of Norway (2015–2019), and to investigate whether 

certain types of CSIs are typical for bicyclists. 

Methods: Retrospective cohort study of prospectively collected registry data of all CSIs in the South-East region 

of Norway (3.0 million inhabitants), from 2015 to 2019. Patient characteristics, injury types, and treatment were 

summarized with descriptive statistics. Bayesian multivariable logistic regression was used to identify potential 

factors associated with occipital condyle fractures (OC-Fx) or odontoid fractures (OFx). 

Results: During the five-year study period, 2,162 patients with CSIs were registered, and 261 (12%) were bicycle- 

related. The incidence of bicycle-related CSIs was 1.7/100,000 person-years. The median age of the patients with 

bicycle-related CSIs was 55 (IQR: 22) years, 83% were male, 71% used a helmet, 16% were influenced by ethanol, 

12% had a concomitant cervical spinal cord injury (SCI), and 64% sustained multiple traumas. The three most 

common bicycle-related CSIs were C6/C7 fracture (Fx) (28%), occipital condyle Fx (OC-Fx) (23%) and C5/C6 Fx 

(19%). Patients with bicycle-related CSIs compared to patients with non-bicycle related CSIs were younger, more 

often male, had fewer comorbidities, more likely multiple traumas, more often had OC-Fx, and less often sustained 

an odontoid fracture (OFx). Multivariable logistic regression of potential risk factors for OC-Fx demonstrated a 

significantly increased risk of OC-Fx for bicyclists compared to non-bicyclists (OR = 2.8).The primary treatment 

for bicycle-related CSIs was external immobilization in 187/261 (71.6%) cases, open surgical fixation in 44/261 

(16.8%), and no treatment in 30/261 (11.5%). 

Conclusion: Bicycle crashes are a frequent cause of CSIs in the Norwegian population and should be of concern to 

the public society. The three most common bicycle-related CSIs were C6/C7 fracture, occipital condyle fracture 

and C5/C6 fracture. 
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Bicycling is a popular leisure activity and an effective mode of trans-

ort for short- and medium-range travel [ 1 , 2 ]. Bicycling is associated
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ith individual health benefits and improved intercity transportation lo-

istics, and has important environmental benefits due to less congestion
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icycle injuries are reported as either minimal or mild with little or no

ermanent late effects [ 8 , 9 ]. Nevertheless, a steady rise in the number

f more severe bicycle injuries has been observed [5] . Bicycle-related

raumatic brain injuries (TBIs) and spinal injuries entail a higher risk

f death and permanent late effects versus injuries to other parts of the

ody [10–12] . 

The incidence of traumatic cervical spine injury (CSI) in the Norwe-

ian population is 14.4/100,000 person-years, and 12% of these injuries

re bicycle-related. Thus, bicycling is now the second most common

ause of CSI, preceded only by falls [13–15] . Functionally, the cervi-

al spine extends from the craniocervical junction (occipital condyle

OC)/atlas (C1) to the cervicothoracic junction (C7/Th1)). The most

eared complication of CSI is spinal cord injury (SCI), which is associated

ith increased mortality and permanent morbidity [16] . The treatment

f CSI depends on the morphology of the fracture, discoligamentous sta-

us, associated neurological injury (SCI and/or cervical radiculopathy),

nd the patient’s comorbidity load [17–21] . The treatment options are

ither external immobilization or surgical fixation, although in some

ases, no stabilization is needed. 

In this population-based study, we present an overview of all bicycle-

elated CSIs in a defined Norwegian population of 3 million people for

he time period from 2015–2019. To reveal special characteristics for

icycle-related CSIs, we compared bicycle-related CSIs with all non-

icycle CSIs in the same time period. 

aterials and methods 

Oslo University Hospital-Ullevål (OUH-U) is a level 1 trauma cen-

er in Oslo, Norway and serves as the central trauma-care facility for

he South-East region of Norway, which cover 3 million people. OUH-U

erforms all surgeries for cervical spine injury (CSI) in this region. There

re 20 hospitals in the region with general and/or orthopedic surgeons

nd radiological services that refer patients with CSIs to OUH-U. The

ncluded patients were either admitted to OUH-U for treatment, or non-

urgical treatment was carried out locally after consultation with the

epartment of Neurosurgery at OUH-U. 

Since January 1, 2015, the Department of Neurosurgery at OUH-U

as maintained a prospective population-based quality control registry

ncluding all CSIs, from the occipital condyle (C0)/C1 to C7/Th1 [15] .

ervical spine injury (CSI) is defined as any traumatic fracture in the

ervical vertebras or occipital condyles diagnosed with cervical-CT. In

ddition, we have included cases with MRI verified traumatic discol-

gamentous injury (and no fracture) if they were associated with neu-

ological injury (spinal cord injury or radiculopathy), or were in need

f stabilization. Only patients with an 11-digit unique Norwegian So-

ial Security Number who were registered as residents within the area

f the South-East region of Norway were included. The completeness of

he CSI registry has previously been evaluated by comparing the registry

ata with data from the Norwegian Patient Registry [13] . The complete-

ess was 100% for CSIs in need of surgical fixation and > 90% for CSIs

reated with external immobilization or no treatment. In sum, nearly all

SIs are included in the registry, and there is most likely no selection

ias of importance. 

From January 1, 2015 to December 31, 2019, 2,162 patients with

SIs were registered. The following data were extracted: date of injury,

ex, age at time of injury, pre-injury American Society of Anesthesi-

logists (ASA) score [ 22 , 23 ], injury mechanism (bicycle-related ver-

us non-bicycle related), type of bicycle (bicycle, electric bicycle, elec-

ric scooter), alcohol influence at the time of injury (yes/no/unknown),

ype/level of CSI (occipital condyle (C0), C1, C2-odontoid, C2-

angman, C2-other, C2/C3, C3/C4, C4/C5, C5/C6, C6/C7, C7/Th1),

ervical spinal cord injury (cSCI) (no/incomplete/complete), cSCI

raded according to the American Spinal Injury Association (ASIA) Im-

airment scale (AIS) (from A – no neurologic function to E – full neuro-

ogical recovery) [24] , traumatic brain injury (TBI) classified accord-

ng to the head injury severity scale (HISS) [25] , multiple traumas
2 
yes/no/unknown), primary treatment (external immobilization with

tiff collar alone, open surgical fixation, or no treatment). 

Multiple trauma was defined as a simultaneous TBI (mild, moder-

te, or severe according to HISS) and/or imaging-proven (X-ray, CT, or

ltrasound) injury in one or more of the following regions: face, tho-

acolumbar spine, chest, abdomen, pelvis or extremities. Skin injuries

ere not registered. 

This quality control study was approved by the Data Protection Of-

cer (DPO) at Oslo University Hospital and patient consent was waived

DPO approval #19/20770). This study is exempt from an application to

he Regional Ethical Committee. Data were extracted from our hospital-

pproved quality database for CSIs (DPO approval #2014/12304). The

atabase is kept in Medinsight and maintained by the Department of

eurosurgery at OUH-U. 

Patient characteristics, injury types, and treatment are summarized

ith descriptive statistics. Categorical data are presented as frequencies

nd percentages. Continuous variables are presented using the mean or

edian, depending on the distribution. To compare group differences,

e employed the Pearson 𝜒2 test for categorical variables and the inde-

endent t-test or the Mann–Whitney U-test for continuous variables. 

Bayesian multivariable logistic regression was used to identify poten-

ial factors associated with OC-Fx or Ofx. Weakly informative priors -N

0, 2.5) with automatic rescaling (depending on the distribution of the

ariable) were used in the analysis for both intercept and coefficients.

he model coefficients were visualized as forest plots. The mild, mod-

rate, and severe head injury severity categories are referenced against

one/minimal head injury (HISS scale). Males are referenced against fe-

ales, ASA 3-5 against ASA 1-2, and bicycle versus non-bicycle mecha-

isms of injury. To further improve legibility, we computed the marginal

ffect plots displaying the effect of age and head injury severity on the

ifferent fractures. 

IBM SPSS statistics, version 25 (IBM Corp., Armonk, NY), R v3.6, and

TATA SE were used for all analyses. P-value < 0.05 were considered to

e significant. 

esults 

In our defined population of 3 million people (South-East region

f Norway), we prospectively registered 2,162 patients with CSIs dur-

ng the 5-year period from 2015–2019. Of these CSIs, 261 (12%) were

icycle-related. The total incidence of CSI was 14.4/100,000 person-

ears, and the incidence of bicycle-related CSIs was 1.7/100,000 person-

ears. Compared to non-bicycle CSI patients, bicycle CSI patients were

ounger, more often male, had fewer comorbidities (preinjury ASA) and

ore often suffered from multiple traumas ( Table 1 , Fig. 1 ). 

Our main focus was 261 patients with bicycle-related CSIs; 253 had

icycle injuries, 8 had electric bicycle injuries, and 0 had electric scooter

njuries. The median age was 55 (IQR: 22, range: 16-87), and 83% were

ale. The number of bicycle-related CSIs peaked in the 40-59 age group,

hile few CSIs were observed in bicyclists < 20 or ≥ 75 ( Fig. 1 ). Men were

verrepresented in all age groups ( Table 1 ). 

Concomitant cSCI was registered for 31/261 (11.9%) bicyclists, be-

ng complete in 4/31 (13%) and incomplete in 27/31 (87%) of these bi-

yclists. Most cSCI was secondary to subaxial cervical injuries in both the

icyclists and non-bicyclists (30/31 and 199/229 (p = 0.111)) ( Table 1 ).

he severity of the cSCI, graded according to the AIS, is provided in

able 2 . 

Multiple traumas with CSIs were seen in 168/261 (64.4%) bicyclists

 Table 1 ). The four most frequently associated injuries were TBI (48%),

acial Fx (26%), thoracolumbar Fx (22%), and thoracic injury (18%)

 Table 3 ). Information on ethanol influence at the time of injury was

vailable for 231/261 (89%) bicyclists, among whom 38/231 (16%)

ere under the influence. 

The bicycle-related CSIs showed typical seasonal variations, reflect-

ng the climate in Norway with low temperatures and snow/ice in the

inter season, lasting from November to March. The rate increased dur-
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Table 1 

Patient characteristics for bicyclists and non-bicyclists with cervical spine injuries (CSI) in the South-East region of Norway during the time period 

2015 – 2019. 

AllN (%) 2162 (100) Non-bicycle CSIN (%)1901 (100) Bicycle CSIN (%)261 (100) Statistics 

Sex Male 1461 (67.6) 1244 (65.4) 217 (83.1) P < 0.001 

Female 701 (32.4) 657 (34.6) 44 (16.9) 

Mean age Years 59.1 years 59.9 years 53.3 years P < 0.001 

Pre-injury ASA 1 1-2 1278 (59.1) 1054 (55.4) 224 (85.8) P < 0.001 

3-5 783 (36.2) 759 (40.0) 21 (8.1) 

Unknown 101 (4.7) 88 (4.6) 16 (6.1) 

Cervical injury OC-Fx 2 219 (10.1) 158 (8.3) 61 (23.4) P < 0.001 

C1- Fx 246 (11.4) 217 (11.4) 29 (11.1) NS 

OFx 3 419 (19.4) 403 (21.2) 16 (6.1) P < 0.001 

C2 – Hangman Fx 60 (2.8) 56 (2.9) 4 (1.5) NS 

C2 – Other Fx 141 (6.5) 127 (6.9) 14 (5.4) NS 

C2/C3 injury 4 46 (2.1) 41 (2.2) 5 (1.9) NS 

C3/C4 injury 175 (8.1) 145 (7.6) 30 (11.5) NS 

C4/C5 injury 251 (11.6) 215 (11.3) 36 (13.8) NS 

C5/C6 injury 368 (17.0) 318 (16.7) 50 (19.2) NS 

C6/C7 injury 571 (36.3) 497 (26.1) 74 (28.4) NS 

C7/Th1injury 178 (8.2) 153 (8.0) 25 (9.6) NS 

cSCI Yes 250 (11.6) 219 (11.5) 31 (11.9) NS 

Level of cSCI OC-C2 21 (1.0) 20 (1.1) 1 (0.4) NS 

C3-C7 229 (10.6) 199 (10.5) 30 (11.5) NS 

Multiple trauma No 951 (44.0) 870 (45.8) 81 (31.0) P < 0.001 

Yes 1076 (49.8) 908 (47.8) 168 (64.4) 

Unknown 135 (6.2) 123 (6.5) 12 (4.6) 

1 Pre-Injury ASA – Pre-Injury American Society of Anesthesiologists Physical Status Classification 
2 OC-Fx – Occipital condyle fracture 
3 OFx – Odontoid fracture 
4 Injury – Fx and/or discoligamentous injury with potential instability at affected level, e.g. C2/C3, C3/C4 etc. 

Table 2 

Grading of cSCI 1 in bicyclists and non-bicyclists with CSI 2 according to AIS 3 . 

AIS AllN (%) 2162 (100) Non-bicycle CSIN (%)1901 (100) Bicycle CSIN (%)261 (100) Statistics 

A 36 (1.7) 32 (1.7) 4 (1.5) NS 

B 35 (1.6) 31 (1.6) 4 (1.5) 

C 72 (3.3) 60 (3.2) 12 (4.6) 

D 107 (4.9) 96 (5.0) 11 (4.2) 

E 1911 (88.4) 1681 (88.4) 230 (88) 

Missing 1 (0.05) 1 (0.05) 0 (0.00) 

1 cSCI – cervical spinal cord injury 
2 CSI – cervical spine injury 
3 AIS – American Spinal Injury Association (ASIA) Impairment Scale 

Table 3 

Multiple traumas. Overview of concomitant injuries in bicyclist with CSI 1 

(unknown multiple trauma status in 12/261). 

Injury region N (%)249 (100%) 

TBI 2 120 (48.2) 

Facial fracture 64 (25.7) 

Thoracolumbar fracture 55 (22.1) 

Thoracic injury 3 45 (18.1) 

Extremity fracture 33 (13.3) 

Abdominal injury 4 5 (2.0) 

Pelvic fracture 4 (1.6) 

1 CSI – Cervical spine injury 
2 TBI – Traumatic brain injury (Mild, moderate or severe) 
3 Fracture, pneumothorax, hematothorax, and/or lung contusion 
4 Image or surgery verified injury of abdominal content 
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ng spring, peaked in summer, fell in autumn, and showed a stable low

ate during winter ( Fig. 2 B). 

Table 1 contains a description of the bicycle-associated CSIs and a

omparison between the bicycle group and the non-bicycle group. The

ost common CSIs for bicyclists were C6/C7 Fx, followed by occipital

ondyle fracture (OC-Fx) and C5/C6 Fx. When we compared the types

f CSIs among the bicyclists and non-bicyclists, it seemed that bicycle
 e  

3 
njuries were associated with an increased risk of OC-Fx and a reduced

isk of OFx ( Table 1 ). In bicyclists with OC-Fx, 60/61 were unilateral

nd 1/61 bilateral. Of the unilateral OC-Fx, 31 were on the right side

nd 29 on the left side (p = 0.80). No bicyclists presented with occipito-

ervical dissociation. 

To better evaluate the potential association between the injury mech-

nism (bicycle versus non-bicycle) and the risk of either OC-Fx or

Fx, we performed a multivariable logistic regression analysis includ-

ng age, sex, comorbidity, severity of head injury, and injury mechanism

 Fig. 3 A-B). The multivariable analysis of potential risk factors for OC-Fx

mong all CSI patients (bicycle-related and non-bicycle related) demon-

trated a significantly increased risk of OC-Fx for bicyclists compared

o non-bicyclists (OR = 2.8, 95% credible interval (CI) [1.9, 4.0]. OC-Fx

as also associated with concomitant increasing head injury severity

OR = 2.5, 95% CI [1.7, 3.4] for mild TBI, OR = 4.7, 95% CI [2.8, 7.6] for

oderate TBI, and OR = 6.1, 95% CI [3.3, 10.3] for severe TBI, in ref-

rence to non- or minimal head injury). A similar multivariable logistic

egression analysis of potential risk factors for OFx indicated that the

lder age was the main factor associated with an increased risk of OFx

 Fig. 3 B). 

Information regarding helmet use was available for 185/261 (71%)

icyclists, of whom 131 (71%) used helmets and 54 (29%) did not.

either sex nor age was significantly associated with helmet use, but

thanol-influenced bicyclists had a significantly lower rate of helmet
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Fig. 1. All CSIs in the South-East region of Norway for 2015 - 2019 according 

to age group and injury mechanism (bicyclists versus non-bicyclists). N = 2162. 
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se (20% versus 80%) (p = 0.001). Helmet use displayed no association

ith OC-Fx (p = 0.806), OFx (p = 0.275), or concomitant cSCI (p = 0.371),

ut helmet users had a lower rate of concomitant TBI than non-helmeted

icyclists (62% versus 85%) (p = 0.029). 

The primary treatment of bicycle-related CSIs was external immobi-

ization with a stiff collar alone in 187/261 (71.6%) injured bicyclists,

pen surgical fixation in 44/261 (16.8%), and no treatment in 30/261

11.5%). The majority of patients in the “no treatment group ” had an

solated fracture of a spinous or transverse process. Six patients in the

xternal immobilization group later underwent open surgical fixation. 

iscussion 

The incidence of bicycle-related CSIs in the general Norwegian pop-

lation was 1.7/100,000 person-years. Compared to patients with non-

icycle related CSIs, bicyclists were younger, more often male, had fewer

omorbidities, and more often suffered from multiple traumas. The num-
Fig. 2. Bicycle-related CSIs accordin

4 
er of bicycle-related CSIs peaked in the 40-59 age group, while we

oted very few bicycle-related CSIs among those < 20 and ≥ 75. OC-Fx

as more common among the cyclists than in the non-bicyclist group.

hese fractures were also associated with increasing severity of con-

omitant TBI. Concomitant cSCI was present in 12% of the bicyclists. A

elmet was worn by 71% of the bicyclists, although less often among

hose who had consumed alcohol. Wearing a helmet was associated with

 lower rate of concomitant TBI. 

Incidence and seasonal variations: We did not identify any previ-

us studies reporting on the incidence of bicycle-related CSIs in the gen-

ral population. We would expect the rate of CSIs to depend on several

actors such as the share of inhabitants riding bicycles, climate, popula-

ion density, population age, culture, the social economy, and political

fforts to stimulate bicycling and improve road safety. 

Countries such as Denmark and the Netherlands have a greater pro-

ortion of inhabitants who use bicycles for their daily commute than

orway [ 26 , 27 ]. Nevertheless, the number of inhabitants in Norway

ho ride bicycles seems to be on the rise, particularly in urban areas

28] . The increasing numbers of bicyclists, especially in rush-hour traf-

c, have resulted in more patients with bicycle-related injuries [5] . Bi-

yclists have a higher risk of injury per kilometer traveled than car oc-

upants [29] . In our total CSI patient population, bicycle crashes were

he second most common cause of CSI preceded only by falls [15] . In the

S, bicycle-related injuries account for 81% of all adult sports-related

pinal injuries [30] . 

Gender and age: Among patients with bicycle-associated CSIs, there

as a large overrepresentation of men across all age groups, peaking in

he 40-59 age group. The main reason for male overrepresentation is

ost likely a combination of a higher share of males using bicycles on

n everyday basis than females, and a sex difference in everyday risk-

aking behavior [ 8 , 31 ]. 

Notably, only one of the 261 bicyclists with CSIs was younger than

0, despite the frequent use of bicycles as a mode of transport and recre-

tion among children and adolescents [5] . Hence, it seems that the risk

f sustaining a CSI is lower for children and adolescents than adults.

hildren and adolescents have less calcified skeletons and a stronger pe-

iosteum than adults, resulting in a more elastic and less brittle skeleton.

n addition, children cycle at lower speeds and weigh less than adults;

s such, children are likely to experience less force during a crash. These
g to month of injury. N = 261. 
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Fig. 3. Multivariable logistic regression anal- 

ysis to evaluate the potential association be- 

tween the injury mechanism (bicyclists ver- 

sus non-bicyclists) and the risk of either OC- 

Fx (A) or OFx (B). The forest plots (the up- 

per part of figures) visualize the coefficients 

obtained from the Bayesian multivariable lo- 

gistic regression models. The marginal effect 

plots (lower part of the figures) of increas- 

ing age on the probability of fracture strati- 

fied via the HISS demonstrate the different ef- 

fects of age and HISS score on fracture proba- 

bility for OC-Fx and OFx. Bicyclists had a sig- 

nificantly increased risk of OC-Fx compared to 

non-bicyclists, while older age was the main 

factor associated with an increased risk of OFx. 

5 
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Fig. 3. Continued 

6 
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actors combined might explain the low incidence of bicycle-related CSIs

n children and adolescents. 

Morphology of bicycle-associated CSIs: OC-Fx appeared to be a

ypical cyclist fracture. We believe the mechanism behind the OC-Fx

n bicyclists is a combination of rotation and compression forces in the

0/C1 joint as the cyclist goes over the handlebars and hits the ground

ead first [32] . The association between the severity of head injury and

he risk of OC-Fx lends support to this theory. OFx is a fracture type

ommonly seen in elderly, comorbid patients with osteoporosis [19] .

his is a group of people who seldom utilize a bicycle, and we believe

his explains why OFx is rare among bicyclists. Concomitant cSCI was

resent in 12% of bicycle CSIs, similar to non-bicycle injuries. 

Helmet: A large proportion of Norwegian bicyclists wear helmets

ven if not obliged by law [ 5 , 8 , 33 ]. However, we noted that bicyclists

ho had consumed alcohol were less inclined to wear helmets, which

s in line with previous findings [34] . Helmeted bicyclists with CSIs had

 significantly lower rate of concomitant TBI than non-helmeted bicy-

lists. This finding corresponds with the established role of helmets in

reventing TBI [35–39] . 

Recent data indicate that wearing a helmet also reduces the risk of

idface fractures, but not mandibular fractures or dentoalveolar injuries

 40 , 41 ]. The role of helmet use in the prevention of CSI is less clear.

he literature reports divergent results, from an increased risk of CSI

ith helmet use, via no protective effect of the helmet, to a decreased

isk of CSI when wearing a helmet [ 35 , 38 , 42-46 ]. We did not design

ur study to detect whether helmets protect bicyclists against CSIs. 

The use of bicycle helmets with a multidirectional impact protection

ystem (MIPS) is increasing, but at a rather slow pace due to price. Thus,

t is too early to conclude whether this type of helmet protects against

BI and CSI in vivo [47] . Another interesting protection device is the

ombined helmet/neck brace airbag (e.g., the Swedish Hövding 3) [48] .

o date, the use of this airbag system is so limited that it is too early

o decide if this will become a real alternative to more conventional

elmets. 

Alcohol use: Ethanol influence at the time of injury was registered

n 16% of bicyclists with CSIs. This is somewhat lower than the rate of

thanol influence reported for patients with TBI regardless of the injury

echanism [ 49 , 50 ]. Increased public awareness of the dangers associ-

ted with bicycling and alcohol consumption is nevertheless warranted.

Electric bicycles and electric scooters: In recent years, electric bi-

ycles (legal in Norway with a maximum speed of 25 km/h) and electric

cooters (legal in Norway with a maximum speed of 20 km/h), both clas-

ified as bicycles have become very popular. The sale of electric bicycles

as risen substantially in the last five years [51] . According to our re-

ults, very few CSIs were associated with the use of electric bicycles.

evertheless, due to the increasing share of electric bicycles —which

asily reach higher speeds than conventional bicycles —a rising trend in

lectric bicycle-related CSIs may be expected in the years to come [52] .

he use of electric scooters has risen immensely since 2018, especially in

rban areas. The Oslo Accident and Emergency Outpatient Clinic’s Sec-

ion for Orthopedic Emergency reported in 2019 an alarming increase

n injuries due to electric scooters following legislation of public scooter

haring systems in Oslo [53] . As of December 31, 2019, there were no

egistered CSIs related to an electric scooter crash in our database. 

Implications: The government aims to increase commuting by bi-

ycles due to the associated health benefits, potential reduction in rush

our traffic jams, and environmental advantages [1] . However, the in-

reasing number of patients with serious bicycle injuries, including TBI

nd CSI, should be of concern to public society and politicians alike [ 5 ,

1 ]. Hence, road safety for bicyclists should receive greater attention

o reach the political goal of attracting more people to use bicycles for

heir work commutes [27] . 

Improved road safety for bicyclists may be achieved through en-

anced infrastructure, more bicyclists wearing helmets, zero tolerance

or alcohol consumption prior to bicycling, and further development

f protective equipment for bicyclists [54–57] . Bicycles with defective
7 
rakes or bicycling in the dark without a light and/or reflective clothing

re other issues that should be addressed [58] . 

Strengths and limitations: One strength of this study was the use

f a prospective population-based database. However, the database was

ot designed specifically for this study. Variables describing type of bi-

ycling, speed at the time of the crash, bicycling experience, light condi-

ions, the bodyweight of the bicyclist, or type of crash were not available

n the database, and this represents a limitation of the study. The gener-

lizability of the findings might be limited to countries with comparable

icycle habits and road safety measures. 

onclusions 

Bicycle crashes are a frequent cause of CSIs in the Norwegian popu-

ation and should be of concern to public society and politicians alike.

he three most common bicycle-related CSIs were C6/C7 fracture, oc-

ipital condyle fracture and C5/C6 fracture. Bicycle injuries compared

o non-bicycle injuries are associated with an increased risk of occipital

ondyle fracture. 

unding statement 

Ingar Næss received a scholarship from The Medical Student Re-

earch Program through the Medical Faculty, University of Oslo. The

unding body has not influenced any aspects of the study design, data

athering or interpretation of this paper. 

ata availability 

The research data are confidential because they contain sensitive in-

ormation about our patients, which can lead to the identification of

ndividual patients. According to regulations, the data cannot be made

ublicly available. However, the data can be made available from the

uthors upon reasonable request and with permission of the Data Pro-

ection Officer at OUH. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.xnsj.2022.100119 . 

eferences 

[1] Kummel L, Nordstrom T, Hernback J, Ståhle A. Sykkelstrategi 2015-2025: Slik
skal Oslo bli en bedre sykkelby. Spacescape; 2014 [cited 2022 02.26]; Avail-
able from: https://www.oslo.kommune.no/gate-transport-og-parkering/sykkel/
sykkelstrategier-og-dokumenter/ 

[2] Pucher J, Buehler R. Making cycling irresistible: lessons from The Netherlands, Den-
mark and Germany. Transport Rev 2008;28(4):495–528 . 

[3] Celis-Morales CA, Lyall DM, Welsh P, et al. Association between active commuting
and incident cardiovascular disease, cancer, and mortality: prospective cohort study.
BMJ 2017;357:j1456 . 

[4] Holm AL, Glumer C, Diderichsen F. Health Impact Assessment of increased cycling
to place of work or education in Copenhagen. BMJ Open 2012;2(4) . 

[5] Næss I, Galteland P, Skaga NO, Eken T, Helseth E, Ramm-Pettersen J. The number of
patients hospitalized with bicycle injuries is increasing - a cry for better road safety.
Accid Anal Prev 2020;148:105836 . 

[6] Trafikksikkerhetsutviklingen 2017: Oppfølging av Nasjonal tiltaksplan for
trafikksikkerhet på veg 2014-2017, Oslo: Statens Vegvesen; 2018. [cited 2022
02.27]; Available from: https://docplayer.me/106325705-Trafikksikkerhetsutvik
lingen-oppfolging-av-nasjonal-tiltaksplan-for-trafikksikkerhet-pa-veg.html . 

[7] Sanford T, McCulloch CE, Callcut RA, Carroll PR, Breyer BN. Bicycle trauma injuries
and hospital admissions in the United States, 1998-2013. JAMA 2015;314(9):947–9 .

[8] Melhuus K, Siverts H, Enger M, Schmidt M. Sykkelskader i Oslo 2014. Oslo
Skadelegevakt; 2015 [cited 2022 02.27]; Available from: https://hdl.handle.net/
11250/2722943 . 

https://doi.org/10.1016/j.xnsj.2022.100119
https://www.oslo.kommune.no/gate-transport-og-parkering/sykkel/sykkelstrategier-og-dokumenter/
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0002
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0003
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0004
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0005
https://docplayer.me/106325705-Trafikksikkerhetsutviklingen-oppfolging-av-nasjonal-tiltaksplan-for-trafikksikkerhet-pa-veg.html
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0007
https://hdl.handle.net/11250/2722943


S.F. Eng, I. Næss, H. Linnerud et al. North American Spine Society Journal (NASSJ) 10 (2022) 100119 

 

[  

 

[  

[  

[  

 

[  

 

[  

 

 

[  

[  

[  

 

 

[  

[  

 

[  

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

[  

[  

[  

 

 

[  

 

[  

 

[  

[  

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

 

[
[  

 

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

[  

 

[  
[9] Mjaland O, Nygaard A, Storm-Larsen C, Brommeland T. Cycling-related injuries at
Sorlandet Hospital, Kristiansand. Tidsskr Nor Laegeforen 2019;139(12) . 

10] Yilmaz P, Gabbe BJ, McDermott FT, et al. Comparison of the serious injury pattern of
adult bicyclists, between South-West Netherlands and the State of Victoria, Australia
2001-2009. Injury 2013;44(6):848–54 . 

11] Zibung E, Riddez L, Nordenvall C. Impaired quality of life after bicycle trauma. Injury
2016;47(5):1078–82 . 

12] Rivara FP, Thompson DC, Thompson RS. Epidemiology of bicycle injuries and risk
factors for serious injury. Inj Prev 1997;3(2):110–14 . 

13] Fredo HL, Bakken IJ, Lied B, Ronning P, Helseth E. Incidence of traumatic cervi-
cal spine fractures in the Norwegian population: a national registry study. Scand J
Trauma Resusc Emerg Med 2014;22:78 . 

14] Fredo HL, Rizvi SA, Lied B, Ronning P, Helseth E. The epidemiology of traumatic cer-
vical spine fractures: a prospective population study from Norway. Scand J Trauma
Resusc Emerg Med 2012;20:85 . 

15] Utheim N, Helseth E, Strøm M, et al. Epidemiology of traumatic cervical spinal frac-
tures and concomitant cervical spinal cord injury in a general Norwegian population.
Injury Epidemiol 2022 (under review) Preprint available Research Square(in press) .

16] Devivo MJ. Epidemiology of traumatic spinal cord injury: trends and future impli-
cations. Spinal Cord 2012;50(5):365–72 . 

17] Joaquim AF, Ghizoni E, Tedeschi H, et al. Upper cervical injuries - a rational ap-
proach to guide surgical management. J Spinal Cord Med 2014;37(2):139–51 . 

18] Vaccaro AR, Hulbert RJ, Patel AA, et al. The subaxial cervical spine injury clas-
sification system: a novel approach to recognize the importance of morphology,
neurology, and integrity of the disco-ligamentous complex. Spine (Phila Pa 1976)
2007;32(21):2365–74 . 

19] Rizvi SAM, Helseth E, Ronning P, et al. Odontoid fractures: impact of age and co-
morbidities on surgical decision making. BMC Surg 2020;20(1):236 . 

20] Rizvi SAM, Helseth E, Harr ME, et al. Management and long-term outcome of type
II acute odontoid fractures: a population-based consecutive series of 282 patients.
Spine J 2021;21(4):627–37 . 

21] Gelb DE, Aarabi B, Dhall SS, et al. Treatment of subaxial cervical spinal injuries.
Neurosurgery 2013;72(Suppl 2):187–94 . 

22] ASA Physical Status Classification System. American Society of Anesthesiologists;
2014 [updated December 13, 2020; cited 2022 02.27]; Available from: https://
www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system . 

23] Skaga NO, Eken T, Sovik S, Jones JM, Steen PA. Pre-injury ASA physical sta-
tus classification is an independent predictor of mortality after trauma. J Trauma
2007;63(5):972–8 . 

24] Roberts TT, Leonard GR, Cepela DJ. Classifications in brief: American Spinal Injury
Association (ASIA) impairment scale. Clin Orthop Relat Res 2017;475(5):1499–504 .

25] Stein SC, Spettell C. The Head Injury Severity Scale (HISS): a practical classification
of closed-head injury. Brain Inj 1995;9(5):437–44 . 

26] Pucher J, Buehler R. Cycling towards a more sustainable transport future. Transport
Rev 2017;37(6):689–94 . 

27] Melding til Stortinget 26 (2012-2013): Nasjonal Transportplan 2014-2023, Bergen:
Det Kongelige Samferdselsdepartement; 2013. [cited 2022 02.27]; Available from:
https://www.regjeringen.no/no/dokumenter/meld-st-26-20122013/id722102/ . 

28] Bjørnskau T. Arbeidsdokument 51154 Sykkel i Oslo – eksponering, ulykker og risiko.
Transportøkonomisk Institutt; 2017. 20.06 Report No.: 4460 https://vegvesen.
brage.unit.no/vegvesen-xmlui/handle/11250/2722996 . 

29] Nilsson P, Stigson H, Ohlin M, Strandroth J. Modelling the effect on injuries and
fatalities when changing mode of transport from car to bicycle. Accid Anal Prev
2017;100:30–6 . 

30] Hauser BM, Gupta S, Hoffman SE, et al. Adult sports-related traumatic spinal injuries:
do different activities predispose to certain injuries? J Neurosurg Spine 2021 . 

31] Pawlowski B. Sex differences in everyday risk-taking behavior in humans. Evolu-
tionary Psychol 2008;6(1):29–42 . 

32] Tuli S, Tator CH, Fehlings MG, Mackay M. Occipital condyle fractures. Neurosurgery
1997;41(2):368–76 discussion 76-7 . 

33] Nasjonal tiltaksplan for trafikksikkerhet på veg 2018-2021 Statens Vegvesen, Poli-
tiet, Helsedirektoratet, Utdanningsdirektoratet. Trygg Trafikk; 2018. [cited 2022
02.27]; Available from: https://www.vegvesen.no/globalassets/fag/fokusomrader/
trafikksikkerhet/nasjonal-tiltaksplan-for-trafikksikkerhet-pa-veg-2018-2021.pdf . 
8 
34] Sethi M, Heyer JH, Wall S, et al. Alcohol use by urban bicyclists is associated with
more severe injury, greater hospital resource use, and higher mortality. Alcohol
2016;53:1–7 . 

35] Page PS, Burkett DJ, Brooks NP. Association of helmet use with traumatic brain and
cervical spine injuries following bicycle crashes. Br J Neurosurg 2020;34(3):276–9 .

36] Joseph B, Azim A, Haider AA, et al. Bicycle helmets work when it matters the most.
Am J Surg 2017;213(2):413–17 . 

37] Joseph B, Pandit V, Zangbar B, et al. Rethinking bicycle helmets as a preventive tool:
a 4-year review of bicycle injuries. Eur J Trauma Emerg Surg 2014;40(6):729–32 . 

38] Olivier J, Creighton P. Bicycle injuries and helmet use: a systematic review and
meta-analysis. Int J Epidemiol 2017;46(1):278–92 . 

39] Sethi M, Heidenberg J, Wall SP, et al. Bicycle helmets are highly protective against
traumatic brain injury within a dense urban setting. Injury 2015;46(12):2483–90 . 

40] Galteland P, Næss I, Døving M, et al. Facial fractures and their relation to head
and cervical spine injuries in hospitalized bicyclists. Journal of Craniofacial Surgery
2022 Submitted for publication . 

41] Doving M, Galteland P, Eken T, et al. Dentoalveolar injuries, bicycling accidents and
helmet use in patients referred to a Norwegian Trauma Centre: a 12-year prospective
study. Dent Traumatol 2020 . 

42] Elvik R. Publication bias and time-trend bias in meta-analysis of bicycle helmet
efficacy: a re-analysis of Attewell, Glase and McFadden, 2001. Accid Anal Prev
2011;43(3):1245–51 . 

43] Amoros E, Chiron M, Martin JL, Thelot B, Laumon B. Bicycle helmet wearing and
the risk of head, face, and neck injury: a French case–control study based on a road
trauma registry. Inj Prev 2012;18(1):27–32 . 

44] Dodwell ER, Kwon BK, Hughes B, et al. Spinal column and spinal cord injuries in
mountain bikers: a 13-year review. Am J Sports Med 2010;38(8):1647–52 . 

45] Gulack BC, Englum BR, Rialon KL, et al. Inequalities in the use of helmets by race
and payer status among pediatric cyclists. Surgery 2015;158(2):556–61 . 

46] Kaushik R, Krisch IM, Schroeder DR, Flick R, Nemergut ME. Pediatric bicycle-re-
lated head injuries: a population-based study in a county without a helmet law. Inj
Epidemiol 2015;2(1):16 . 

47] Abayazid F, Ding K, Zimmerman K, Stigson H, Ghajari M. A new assessment of bi-
cycle helmets: the brain injury mitigation effects of new technologies in oblique
impacts. Ann Biomed Eng 2021 . 

48] Hövding 3 [cited 2021 06.12]; Available from: https://hovding.com/ . 
49] Tverdal C, Aarhus M, Andelic N, Skaansar O, Skogen K, Helseth E. Characteristics of

traumatic brain injury patients with abnormal neuroimaging in Southeast Norway.
Inj Epidemiol 2020;7(1):45 . 

50] Steyerberg EW, Wiegers E, Sewalt C, et al. Case-mix, care pathways, and outcomes
in patients with traumatic brain injury in CENTER-TBI: a European prospective,
multicentre, longitudinal, cohort study. Lancet Neurol 2019;18(10):923–34 . 

51] Tronstad H. Første norske elsykkelstatistikk. Norsk elbilforening; 2017 [up-
dated May 30, 2017; cited 2021 02.10]; Available from: https://elbil.no/forste-
norske-elsykkelstatisikk/ . 

52] Vlakveld WP, Twisk D, Christoph M, et al. Speed choice and mental workload of el-
derly cyclists on e-bikes in simple and complex traffic situations: a field experiment.
Accid Anal Prev 2015;74:97–106 . 

53] Melhuus K, Siverts H, Enger M. El-sparkesykkelskader i Oslo. Oslo Univer-
sity Hospital; 2020 [cited 2021 06.19]; Available from: https://oslo-universitet
ssykehus.no/seksjon/nyheter/Documents/Sparkesykkelskader%202019.pdf . 

54] Hoye A. Recommend or mandate? A systematic review and meta-analysis of the
effects of mandatory bicycle helmet legislation. Accid Anal Prev 2018;120:239–49 . 

55] Reynolds CC, Harris MA, Teschke K, Cripton PA, Winters M. The impact of trans-
portation infrastructure on bicycling injuries and crashes: a review of the literature.
Environ Health 2009;8:47 . 

56] Airaksinen NK, Nurmi-Luthje IS, Kataja JM, Kroger HPJ, Luthje PMJ. Cycling injuries
and alcohol. Injury 2018;49(5):945–52 . 

57] Chen WS, Dunn RY, Chen AJ, Linakis JG. Epidemiology of nonfatal bicycle injuries
presenting to United States emergency departments, 2001-2008. Acad Emerg Med
2013;20(6):570–5 . 

58] Chen P, Shen Q. Built environment effects on cyclist injury severity in automobile-in-
volved bicycle crashes. Accid Anal Prev 2016;86:239–46 . 

http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0009
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0010
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0011
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0012
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0013
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0014
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0015
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0016
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0017
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0018
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0019
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0020
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0021
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0023
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0024
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0025
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0026
https://www.regjeringen.no/no/dokumenter/meld-st-26-20122013/id722102/
https://vegvesen.brage.unit.no/vegvesen-xmlui/handle/11250/2722996
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0029
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0030
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0031
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0032
https://www.vegvesen.no/globalassets/fag/fokusomrader/trafikksikkerhet/nasjonal-tiltaksplan-for-trafikksikkerhet-pa-veg-2018-2021.pdf
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0034
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0035
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0036
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0037
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0038
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0039
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0040
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0041
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0042
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0043
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0044
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0045
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0046
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0047
https://hovding.com/
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0049
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0050
https://elbil.no/forste-norske-elsykkelstatisikk/
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0052
https://oslo-universitetssykehus.no/seksjon/nyheter/Documents/Sparkesykkelskader\045202019.pdf
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0054
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0055
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0056
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0057
http://refhub.elsevier.com/S2666-5484(22)00022-1/sbref0058

	Bicycle-related cervical spine injuries
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Funding statement
	Data availability
	Declaration of Competing Interest
	Supplementary materials
	References


