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Background: There is little known about return to sport and performance after anterior cruciate ligament (ACL) tear in high-level
alpine skiers.

Purpose: To analyze the parameters that influence the return to sport and performance after an ACL tear in French alpine skiers
from 1980 to 2013.

Study Design: Descriptive epidemiology study.

Methods: The study population included 239 male and 238 female skiers who competed on the national French alpine ski team
for at least 1 season between 1980 and 2013 in the speed (downhill and super-G) and technical disciplines (giant slalom and sla-
lom). Two groups were formed: group 1 (G1) included athletes who had sustained an ACL rupture, and group 2 (G2) included
athletes who had never sustained an ACL rupture. Three performance indicators were selected: International Ski Federation
(FIS) points calculation, FIS ranking, and podium finishes in the World Cup, World Championships, and Olympic Games.

Results: The first-decile FIS points and international FIS ranking showed that G1 skiers obtained better performance than did G2
skiers. The mean 6 SD career length of G1 skiers (men, 7.9 6 4.7 years; women, 7.1 6 4.1 years) was longer than that of G2
skiers (men, 4.5 = 3.3 years; women, 4.2 + 3.5 years). In addition, 12.8% (61 of 477) of the skiers achieved at least a podium

finish during their careers: 23.0% (34 of 148) in G1 and 8.3% (27 of 329) in G2. The mean age at ACL rupture was 22.+ 6 4.1
years for men and 19.9 £ 3.5 years for women. In G1, 55 podiums were achieved before ACL rupture and 176 after in all com-
petitions. Skiers who improved their performances after ACL rupture were significantly younger (men, 22.2 + 3.0 years; women,

18.7+ 2.2 years; P <.0001) at the time of injury than those showing a performance deterioration after ACL rupture (men, 25.3 +

4.2 years; women, 22.4 + 4.0 years). All skiers who had ACL tears continued their competitive careers after the injury.

Conclusion: The overall results showed that it is possible to return to preinjury or even higher levels of performance after an ACL
rupture and that age is the main element that guides postsurgical recovery.
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Alpine skiing is the most popular winter sport in the world,
and its participants are exposed to a high injury risk.?!
Recent studies from the Data Surveillance System of the
International Ski Federation (FIS) showed that the risk of
injury in alpine skiing is high.*® The lower limbs are the
most commonly affected, with 58.1% of total injuries. The
part of the body mostly affected is the knee, representing
35.6% of injuries, of which 54.4% are severe injuries causing
an absence >28 days in training and competition.® Knee

trauma is common among professional and recreational
skiers, and the most common diagnosis is the rupture of
the anterior cruciate ligament (ACL), accounting for 35.6%
of total injuries and 67.9% of knee injuries.®'? According
to Florenes et al,® speed disciplines are more traumatic
than technical disciplines, with a respective incidence of
17.2 and 4.9 injuries over 1000 runs and 7.0 and 0.9 knee
injuries per 1000 runs.

To our knowledge, return to sport and postinjury perfor-
mance after ACL rupture in elite athletes have not been
studied in alpine skiing. Researchers have investigated
return to sport after an ACL rupture in the overall active
population.?™!%%* Intentions of returning to sport, levels
of participation (return to the competition or not), and



factors that affect return to sport after ACL reconstruction
have been analyzed in the scientific literature.>?* Finally,
several studies have suggested that return to sport and
the probability of returning to preinjury levels depend
more on the patient’s personality than the functional knee
reconstruction.™°

In this context, the purpose of this retrospective epide-
miologic study was to analyze the influence of the ACL
rupture on French alpine skiers’ postinjury performances
from 1980 to 2013.

METHODS
Study Design

This study used a research protocol qualified as noninter-
ventional, in which “all acts are performed in a normal
manner, without any supplemental or unusual procedure
of diagnosis or monitoring” (article L.1121-1 of the French
public health code). According to law, its approval there-
fore did not fall under the responsibility of a committee
for the protection of persons. For these reasons, it was
not necessary to obtain informed consent from the athletes
evaluated. This study was designed and monitored by the
scientific committee of the Institute of bioMedical Research
and Epidemiology in Sports.

Study Population and Period

The study population included all athletes, 239 men and
238 women, who competed on the national French alpine
skiing team for at least 1 full season between 1980 and
2013 in all events: downhill and super-G (speed disci-
plines) and giant slalom and slalom (technical disci-
plines). Skiers were divided into 2 groups: group 1 (G1),
those who had sustained an ACL tear; and group 2 (G2),
those who had never sustained an ACL tear. All skiers
had a specialty (speed, technique, or polyvalent), but
they competed in all disciplines. No other injuries were
considered in this study.

Competitions

Only international-level competitions were taken into
account. The World Cup takes place every year and deter-
mines the best skier of the year in each discipline. About 14
events are run in each discipline throughout the season.
The World Championships are held every 2 years and
the Olympic Games every 4 years, and winners are
rewarded for 1 race in each discipline.

Data Collection

Skier Characteristics

Databases of the French Ski Federation were used to col-
lect the following information: name, sex, year of birth,
year the skier joined and left the team, occurrence of
ACL tear, and occurrence date.

Performance Indicators

Several performance indicators were selected, as follows.

FIS Points. The FIS points system applies to skiers
older than 15 years who are participating in international
competitions. Calculation of FIS points is established after
each race, and it represents the sum of FIS points obtained
during the race that day and a coefficient (“race penalty”)
obtained from previous racing. The closer a skier’s FIS
points is to zero, the better his or her performance. The
best annual FIS points of each skier, for each discipline
and for each season during his or her time in the national
team, was collected on the FIS website.’® This website
identifies FIS points starting from 1995. Age at ACL rup-
ture of skiers who had improved or deteriorated perfor-
mance after rupture was calculated for the best FIS
points obtained before and after the injury.

FIS International Ranking. For each skier in each disci-
pline and in each season in the team, the best international
FIS ranking was collected from 1995 on the FIS website.'?

Podium Finishes. All podium finishes in the World Cup,
World Championship, and Olympic Games achieved by the
alpine skiers of the national team were collected from the
FIS website.!® Podiums finishes from 1980 to 2013 are
available on the FIS website.

Statistical Analysis

Performance distribution (FIS points and international
FIS ranking) was determined by decile (top decile of per-
formances per athlete). The first decile is described in func-
tion of G1 and G2, sex, and discipline. The number of
podium finishes was recorded as a percentage in the group.
The Student ttest was used to compare the mean career
lengths of G1 and G2 in each discipline and for each sex.
The same test was performed to compare the mean age
at the moment of ACL rupture of skiers who improved
and skiers whose performances deteriorated after ACL
tear. The level of significance was set at P<.05.
Concerning the French top-10 performance data, perfor-
mance modeling of FIS was constructed as a function of
age. The best performance by age is fitted by a second-
degree polynomial function. ACL rupture incidence
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Figure 1. Incidence from 1980 to 2013: number of anterior cruciate ligament ruptures per number of skiers per year. Dashed lines

indicate means.

(number of ACL ruptures per number of skiers per year)
was calculated for each year from 1980 to 2013.

RESULTS

Population

From the 1980-1981 season to the 2012-2013 season, 477
alpine skiers joined the French alpine ski team for at least
1 year. Among them, 148 skiers (67 men and 81 women)
suffered ACL ruptures (71 in speed disciplines, 76 in tech-
nical disciplines, and 1 polyvalent), and 329 (172 men and
157 women) did not have any ACL rupture in their careers
(164 in speed disciplines, 157 in technical disciplines, and 8
polyvalent).

ACL Rupture Incidence

The incidence ACL ruptures was 0.08 (0.07 for men, 7 = 0.22;
0.09 for women, 7* = 0.27) from 1980 to 2013 (Figure 1).

Career Length

From 1980 to 2013, the mean career length for G1 athletes
was significantly longer than that of G2 athletes (Table 1).
This difference was noted in the 2 sexes and in technical
and speed disciplines. In G1 and G2, women began and
ended their careers in the team significantly earlier than
men (P < .01). All skiers who had ACL tears continued
their competitive careers after the injury.

The number of events per athlete was 9.9 for men in the
ACL-tear group and 8.7 for those in the group without ACL
tears. For women, it was 9.4 in the ACL-tear group and 8.6
in the group without tears. Statistically, the difference is
not significant.

Age at ACL Rupture

The mean age at the first ACL tear was 21.1 + 4.0 years.
Women appeared to suffer the injury significantly earlier,
with a mean age of 19.9 + 3.5 years, compared with 22.6
+ 4.1 years for men (P<.0001).

G1 and G2 Performances

Podium Finishes

Among the 477 alpine skiers, 61 (12.8%) had at least 1
podium finish at the Olympic Games, World Champion-
ships, and/or World Cup during their careers. From 148
athletes in G1, 34 (23.0%) achieved at least 1 podium in
their careers, and from 329 athletes in G2, 27 (8.3%) got
at least 1 podium.

FIS Points and International FIS Rankings

The analysis of the first decile of performance showed that
the international FIS ranking of skiers in the national
team (both sexes and disciplines included) was no higher
than 26th and the maximum number of FIS points was
8.11. The international FIS ranking and FIS points were
better for men than for women regardless of disciplines.
In speed as in technical discipline, G1 athletes ranked bet-
ter and had better FIS points than did G2 athletes (Table
2). The first decile of technical disciplines in G1 showed
that men ranked better and had better FIS points than
those of women (9.7th rank and 4.09 FIS points vs 15.5th
place and 5.75 FIS points, respectively). The same trend
was noted in G2 (men, 33rd rank and 7.58 FIS points;
women, 51.8st rank and 12.61 FIS points).

In a comparison of pre- versus postinjury findings, ath-
letes were able to improve their international FIS rankings
and FIS points after the trauma (Table 3).

Performance After ACL Rupture

Podium Finishes

In G1, 34 athletes had at least 1 podium in their careers.
On the whole, 55 podiums were achieved before ACL rup-
ture and 176 after. In all competitions, men had 37 podi-
ums before ACL rupture, compared with 86 after it; as
for women, 18 podiums were achieved before the injury,
against 90 after it. In the World Cup, 52 podiums were
noted before ACL tear and 157 after. In the World



TABLE 1
Career Length in the Study Groups by Discipline and Sex“

G1 (n=148) G2 (n = 329)
Discipline Career Length Retirement Age Career Length Retirement Age P Value
Men
Technical 7.0:4.5 26.6+4.8 4.5+3.3 22.7+4.1 <.01
Speed 8.8+4.8 26.8+4.7 4.2+3.2 23.3+4.5 <.001
Total 7.9+4.7 26.8+4.8 4.5+3.3 23.4+4.5 <.001
Women
Technical 7.3+4.1 24.0+4.2 4.4+3.7 20.8+3.5 <.001
Speed 6.9+4.2 23.9+4.2 4.2+3.3 20.7+3.6 <.001
Total 7.1+4.1 24.0+4.2 4.2+3.5 20.8+3.6 <.001

“Values are presented as years, mean 6 SD. G1, skiers with an anterior cruciate ligament rupture; G2, skiers with no anterior cruciate

ligament rupture.

TABLE 2
Description of FIS Points and International
FIS Ranking by Sex, Discipline, and Group®

TABLE 3
Comparison of FIS Points and International
FIS Ranking for G1 Before and After ACL Injury®

International International
FIS Ranking FIS Points FIS Ranking FIS Points
First Decile ot First Decile ot
Performance Men Women Men Women Performance Men Women Men Women
Speed disciplines Speed disciplines
G1 15.6 21.4 5.03 9.22 Before ACL injury 19.3 87.4 5.5 13.3
G2 37.9 42.1 10.9 14.62 After ACL injury 15.2 5.6 4.9 5.3
Technical disciplines Technical disciplines
G1 9.7 15.5 4.09 5.75 Before ACL injury 33 36 9 5.6
G2 33 51.8 7.58 12.61 After ACL injury 7 14.7 4 5.8

“FIS, International Ski Federation; G1, skiers with an anterior
cruciate ligament rupture; G2, skiers with no anterior cruciate lig-
ament rupture.

Championships, 1 podium finish was achieved before and
11 after. In the Olympic Games, 2 podium finishes were
reached before ACL rupture, against 8 after it (Figure 2).
If we divide the number of podium finishes by the number
of races, there were 0.04 podiums per race before the
trauma and 0.09 podiums per race after it.

FIS Points and International FIS Ranking

The skiers who improved their performances after the ACL
rupture were significantly (P< .0001) younger at the time
of ACL tear (men, 22.2 *+ 3.0 years; women, 18.7 + 2.2
years) than were those with lower postinjury performance
(men, 25.3 + 4.2 years; women, 22.4 + 4.0 years).
Similarly, in the international FIS ranking, men who
improved their rankings after ACL rupture were younger
at the time of injury (22.0 + 3.0 years) than were those
with lower post—ACL rupture rankings (25.7 + 4.0 years)
(P < .0001). The same trend was noted among women,
with a mean age of 18.8 + 2.3 years at ACL rupture for
those who improved their rankings after the injury and
22.1 = 4.0 years for those whose postinjury rankings drop-
ped (P < .0001). For skiers who improved after an ACL

“ACL, anterior cruciate ligament; FIS, International Ski Feder-
ation; G1, skiers with an ACL rupture.

rupture, the best performance was achieved on average
after 3.8 + 3.1 years for men and 3.1 £ 2.5 years for women
after the ACL tear.

DISCUSSION

Return to sport and postinjury performance are not known
among the alpine skiing elite after ACL rupture. The main
results show that it is possible to find better performances
after an ACL tear. This level depends on the age when the
ACL rupture occurs.

ACL Rupture and Performance Level

In this study, G1 had better FIS points and international
FIS rankings than did G2. At their best, G1 skiers had
more podiums and better FIS points than did G2 skiers.
Our results confirm those reported by Pujol et al,* in
which the incidence of ACL rupture was related to the per-
formance level. The French skiers in the international top
30 were the ones who had more ACL ruptures than their
counterparts. One hypothesis to explain a higher level
among athletes who suffered ACL rupture is the recovery
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Figure 2. Number of podium finishes before and after ante-
rior cruciate ligament rupture by sex and competition.

time after the injury. During ACL reconstruction, skiers
stop all intensive trainings and competitions but remain
under active recovery. This recovery may improve the
physical and physiologic parameters of the athletes, opti-
mizing their return to performance levels while providing
rest from intense training.!®!® The psychological quality
of the athletes is crucial to meet the requirements of the
environment. One study reported that high-risk athletes
(including alpine skiers) have a lower prevalence of anxiety
or depression disorders than do athletes in low-risk
sports.?? Athletes who seek extreme sensations are more
liable to accidents.!” Risk taking, especially in downhill
skiing, is a major risk factor of injury.® Using the Zucker-
man scale,? Webster et al?® reported that high-level skiers
have a higher “thrill and adventure seeking” score (defined
by a desire to engage in activities and sports of risk and
adventure with unusual sensations) as compared with
the general population. This score is also higher among
skiers who have had an injury versus those who have
never been injured.® Athletes with significant injury rates
have reported preferences for stimulants and thrill-seek-
ing environments.?

Return to Performance and Age

The results show that skiers who suffered ACL tears were
able to achieve podium success after injury, but it
depended on their ages at the time of the ACL ruptures.
Similarly, skiers who were able to improve their perform-
ances (FIS points and international FIS rankings) after
an ACL injury were significantly younger than those who
did not improve their performances after the injury.
Women suffered ACL tears at 19.9 + 3.5 years of age on
average, 3.1 years after their entry in the high-career
team, and men were injured at 22.6 £ 4.1 years of age on
average, 4.7 years after their entry in the high-career
team. Age is a crucial point in terms of return to perfor-
mance, owing to the relationship between it and perfor-
mance.>'® Age is characterized by an initial phase of

exponential growth, reflecting the development of physical
abilities; a second phase corresponding to the optimal per-
formance, including peak performance; and a third phase
of regression, in which performance decreases. Berthelot
et al* showed the age of peak performance of the best world
athletes to be 26.0 years in track-and-field events and 21.0
years in swimming. The age at peak performance of top-10
tennis players is 21.5 years for women and 24.1 years for
men.™ In our population, the age of peak performance in
top-10 skiers was 25.1 years for men and 25.3 years for
women. The skiers who improved their performances after
ACL rupture were young and had not yet reached the age
of peak performance. This explains their higher probability
of achieving better performance after injury. Men who had
better FIS points after injury had a known ACL tear at
22.2 £ 3.0 years on average. In women, skiers who had
improved performance (FIS points) suffered an ACL rup-
ture at 18.7 + 2.2 years on average. Conversely, skiers
who did not find a better postinjury level of performance
had an ACL tear later, thereby reducing the probabilities
of reaching optimal performance after ACL rupture.

ACL Rupture by Sex and Discipline

After basketball, skiing is the highest-risk sport for women
in terms of number of ACL rupture occurrences.’’” The
female:male ratio of ACL tear incidences is 1.3:1; therefore,
women’s risk of ACL rupture is 30% higher than men’s.
Many studies report a difference in rates of knee injuries
between men and women. Among recreational as well as
professional skiers, the incidence of knee injury is twice
as high for women, and their risk of ACL injury is 3 times
as high.%'%%® Reported possible reasons for the difference
between men and women are related to extrinsic factors
on one hand, such as level of conditioning, neuromuscular
factors, and muscle strength,'®?® and intrinsic factors on
the other, such as pelvis width, tibial rotation, physiologic
laxity, and the effects of hormones, especially estro-
gen.*18% Although Flerenes et al® reported that the inci-
dence of injuries in alpine skiing is higher with increased
speed (50% of knee injuries in downhill vs 6% in slalom),
there is no difference in the occurrence rate of ACL tears
between technical and speed disciplines in the alpine
skiers of the French national team. In men, incidences
between the number of ACL injuries and the number of
skier-years in technical and speed disciplines are the
same ({peed = frechnical = 3%). In women, there is a slightly
higher incidence in speed disciplines (ipeeq = 5%) as com-
pared with technical disciplines (iechnical = 4%). This result
shows that there is a maximum speed intrinsic to the dis-
cipline (whether technical or speed) that leads skiers to
regularly reach the limit if they want to be at the top world
level. Note that the incidences of knee injuries reported by
Florenes and collaborators® include all types of injuries
and not only ACL tears.

Career Length

From 1980 to 2013, the career length of French alpine
skiers is different between G1 and G2. In fact, the mean



career length of G1 skiers is longer than that of G2 skiers.
The same trend is observed for women, with a longer
career length for G1 skiers compared with G2 skiers. These
results confirm those reported by Pujol et al,*® which show
that career length for skiers who suffered an ACL tear is
significantly longer than for those who did not. This could
be explained in part by the time required for the recovery
and reconstruction of the ACL of injured skiers, which
extends their career length in the national team. Further-
more, after the time of recovery, trainers establish a neces-
sary regulation of the volume and load training for skiers
in return after injury. In our cohort, a longer career
(9.1 4.6 years) is noted among skiers who had multiple
ACL tears compared with those who had only 1 (7.2
4.5 years). The majority of skiers with better performances
(69.4%) after the injury had 1 rupture; only 22.2% had
a new rupture in the same knee; and 16.7% had bilateral
rupture. Another hypothesis justifying that G1 skiers
have longer careers is the talent. G1 athletes could be
more skilled than their counterparts without injury and
thus lengthen their sporting careers. Today, career man-
agement and, therefore, career duration require consider-
ing these recurrences in particular because of the
association of age with the recurrence.?

ACL Rupture and Return to Sport

Other parameters were evaluated after ACL reconstruc-
tion, such as intending to return to the same sport/level,
playing a different sport (from that of preinjury), or other-
wise stopping any sport participation.''’ In addition, fac-
tors influencing postoperative return to sport after an
ACL rupture have been studied.??** The functional mea-
surement of the knee was also taken into account. Ardern
et al' measured these parameters in several sports: soccer,
Australian football, netball, and basketball. Forty-five per-
cent returned to sport at the same level of participation,
and 29% returned to competition. In another study, Ardern
et al” showed that at 12 months after ACL surgery, 67%
did not return to competitive sport, and only 33% tried to
return to competition. Our results show that the time nec-
essary to achieve better performance after ACL rupture is
on average 3.8 years for men and 3.1 years for women.
Skiers in speed disciplines come back faster than skiers
in technical disciplines (men, 3.6 vs 4.1 years; women,
2.9 vs 3.3 years).

In a qualitative study, Tjong et al®® analyzed the rate of
the return to sport and the factors affecting this return
after an ACL reconstruction. They showed that 64% of
patients had not returned to their preinjury levels and
only 36% had. Moreover, there is no link between the func-
tional recovery of the knee after ACL rupture and partici-
pation level or competition level before ACL rupture.'”
Finally, in all sports, men are not more likely than women
to return to sport after an ACL tear, and the rate of return
to sport after an ACL tear is not different! between men
and women, as in our population. However, women return
to a better level more so than the men (75.7% vs 65.7%,
respectively).

Methodological Considerations

This is an exhaustive study because it takes into account
all French skiers since 1980. It represents the first epide-
miologic study based on FIS points, the world FIS ranking,
and podium finishes to analyze the influence of ACL injury
in competitive alpine skiing. The FIS points system, repre-
senting the main performance indicator of the study, has
been regular and consistent since 1995. However, skiers
may have suffered injuries other than ACL rupture during
their careers. The 4 specialties were categorized by speed
disciplines (downhill and super-G) and technical disci-
plines (giant slalom and slalom) to have a more rigorous
number of subjects by sample. Finally, we do not have
FIS points and world FIS rankings before 1995.

CONCLUSION

Skiers are able to achieve better FIS points, better world
rankings, and more podium finishes after an ACL tear. All
skiers who had ACL tears continued their competitive
careers after the injury. The moment when the ACL rupture
occurs during the career influences the postinjury perfor-
mance. The probability of obtaining better performance
after this injury is higher if the rupture and subsequent
recovery occur before the peak-performance age of 25 years.
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