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ABSTRACT

Background and Aim: Alpine skiing and snowboarding share the hazards of accidents 
accounting for tibial fractures. The aim of this study was to evaluate the fracture patterns 
and mechanisms of injury of tibial fractures taking place in downhill skiing and 
snowboarding.

Materials and methods: All patients with tibial fracture due to alpine skiing or 
snowboarding accident treated in four trauma centers next to the largest ski resorts in 
Finland were analyzed between 2006 and 2012. The hospital records were retrospectively 
reviewed for data collection: equipment used (skis or snowboard), age, gender, and 
mechanism of injury. Fractures were classified according to AO-classification.

Results: There were 342 skiing and 30 snowboarding related tibial fractures in 363 
patients. Tibial shaft fracture was the most common fracture among skiers (n = 215, 63%), 
followed by proximal tibial fractures (n = 92, 27%). Snowboarders were most likely to suffer 
from proximal tibial fracture (13, 43%) or tibial shaft fracture (11, 37%). Snowboarders were 
also more likely than skiers to suffer complex AO type C fractures (23% vs 9%, p < 0.05). 
Adult skiers had both wider variety of fractures and higher prevalence of proximal tibial 
fractures compared to children (49% vs 16%, p < 0.05). Skiers typically got injured due 
to falling down on the same level (70%) and snowboarders due to loss of control while 
jumping (46%).

Conclusion: The most important finding was the relatively high number of the tibial 
plateau fractures among adult skiers. The fracture patterns between snowboarding and 
skiing were different; the most common fracture type in skiers was spiral tibial shaft 
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fracture compared to proximal tibial fractures in snowboarders. Children had more simple 
fractures than adults.
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INTRODUCTION
In Finland, on average one-fifth of the population do 
downhill sports at least once a year (1). Skiing (Ski) 
and snowboarding (SB) have a reputation as a risky 
sport due to frequent knee injuries and lower leg frac-
tures. In general, overall injury rates in skiers have 
fallen from 5 to 8 injuries per 1000 skier days in the 
1970s to 2–3 injuries per 1000 skier days at present; the 
tibial fractures remain as daily work of hospitals near 
ski slopes. In the early 1980s, Blitzer et al. (2) reported 
that tibial fractures were the second most common 
injury in children, the third most common injury in 
adolescents, and the eighth most common injury in 
adults. In previous more recent reports, lower leg frac-
tures made approximately 5% of all injuries in recrea-
tional skiers (3–5).

The aim of this study was to characterize alpine ski-
ing and SB-related lower leg fractures in terms of find-
ing specific fracture patterns to these two different 
sports, and to find out the mechanisms of injuries 
behind these.

PATIENTS AND METHODS
The study period was of 7 years (1 January 2006 to 31 
December 2012) resulting in six full ski seasons (nor-
mally from October to May). Patients with tibial frac-
ture (S82.1, S82.2, S82.3) due to alpine skiing or SB 
accident, excluding tibial malleolar fractures (S82.5 
and S82.6), were analyzed retrospectively in three 
University Hospitals (Helsinki, Kuopio, and Oulu) 
and in one secondary level center (Rovaniemi). Three 
of the hospitals were chosen on the basis of their loca-
tion next to the largest ski resorts in Finland (Kuopio, 
Oulu, and Rovaniemi). There are only small ski resorts 
in the Helsinki capital area, but a high number of peo-
ple originating from there travel to larger ski resorts 
and in case of an accident, many of them are referred 
to Helsinki University hospital for treatment.

The hospital records and X-rays were reviewed for 
data collection as follows: used equipment (skis or 
snowboard), age (patients younger than 16 years were 
defined as children), gender, and mechanism of injury 
(loss of control on the same level, loss of control in 
jump, collision to another skier, collision with immov-
able object, or unknown).

Tibial fractures were classified according to 
AO-classification (6) in terms of finding the fracture pat-
terns in skiers and snowboarders. In AO-classification, 
the anatomic location of a fracture is designated by two 
numbers, one for the bone and one for its segment. Each 
long bone has three segments: the proximal, the diaphy-
seal, and the distal segment. Proximal and distal frac-
tures are divided into three subgroups (A: extra-articular; 
B: partial articular; C: complex articular). In diaphysis, 

the subgroups are A, simple; B, wedge; and C, complex 
fractures. AO groups and subgroups involve a progres-
sively detailed description of the fracture patterns 
within these categories. More detailed information on 
AO-fracture classification in tibia is presented in Fig. 1.

Results are presented as means ± standard devia-
tion (SD) for continuous nonskewed variables. The 
frequency distribution of the categorical variables is 
compared between the groups with the Chi-square 
test. Statistically significant level is set as p < 0.05. 
Statistical program SPSS (IBM Corp. released 2009. 
IBM SPSS Statistics for Windows, version 13.0. 
Armonk, NY: IBM Corp.) was used for analyses.

The study protocol was approved by Helsinki 
University hospital’s review board.

RESULTS
There were 372 skiing or SB-related tibial fractures (342 
in skiers and 30 in snowboarders) in 363 patients. Nine 
patients had more than one fracture at regio (AO) 41–
43. One child on skis suffered 2 tibial fractures on two 
different occasions on the same tibia. The mean age of 
the patients was 22 years (range: 3–69 years). More than 
half of the injured were children. The patient demo-
graphics related to used equipment is presented in 
Table 1. A total of 38 (11%) fractures were open among 
skiers and 5 (17%) in snowboarders. Adult skiers were 
more likely to suffer an open fracture than children 
(17% (n = 25) vs 7% (n = 13), p < 0.05). Only one child on 
snowboard suffered an open fracture.

Tibial shaft fracture (AO 42) was the most common 
fracture among skiers with 215 fractures, followed by 
proximal tibial fractures (AO 41) (n = 92) and distal 
tibial fractures (AO 43) (n = 35). Snowboarders were 
most likely to suffer either proximal tibial fracture 
(n = 13) or tibial shaft fracture (n = 11) (Fig. 2) followed 
by distal tibial fractures (n = 6). In both skiers and 
snowboarders, the diaphysis was the most common 
fracture type in children (Fig. 2). The prevalence of 
proximal tibial fractures was significantly higher in 
adult skiers than in children (49% (n = 61) vs 16% 
(n = 31), p < 0.05). The prevalence of distal tibial frac-
tures was equal (10% (n = 20) vs 10% (n = 15), p < 0.05). 
SB children did not suffer any distal tibial fractures. 
There were no significant gender-specific differences 
in fracture location.

The more detailed fracture classification regarding 
AO A–C types in both adult and children skiers and 
snowboarders is presented in Fig 3A (proximal), 3B 
(diaphyseal), and 3C (distal).

Type B proximal tibial fractures (n = 41) were the 
most common fracture type among skiers followed by 
type A (n = 30) and type C (n = 21). Snowboarders were 










