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Figure 2. Differences in the infrinsic healing response of the ACL (to 511;“?) and medial collateral ligament of the knee (MCL, bottom

)Theﬁmamm;urad.butmbbode!utfnrmsmthe jury site, likely due to the synovial fluid which bathes the li twashmg
the clot out. In contrast, in the MCL, blood clot forms at the site of the tear and stabilizes the two ligament ends. The MCL tissue can
then grow into this provisional scaffold and the defect can be healed. The loss of the provisional scaffold in the ACL is likely the key
mechanism behind its failure to heal.



BIOLOGY OF ANTERIOR CRUCIATE LIGAMENT INJURY AND REPAIR

1505

Figure 6. The distal femur cartilage 1-yvear after (A) an untreated ACL rupture. (B) after conventional ACL reconstruction, and (C)
after bioenhanced ACL repair. Note the damage to the medial femoral condyle in the untreated and ACIL reconstructed knees (black
arrows) and the lack of damage in the medial femoral condyle in the bio-enhanced ACL repaired knee (white arrow; adapted with
permission from Murray and Fleming®®).
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Trends in skiing injuries
Analysis of a 6-year study (1972 to 1978)*

ROBERT J. JOHNSON,T M.D., CARL F. ETTLINGER,t M.S., ROBERT J. CAMPBELL,
B.S., AND MALCOLM H. POPE, Ph.D., Burlingten, Vermont

From the Department of Orthopaedic Surgery, University of Vermont, Burlington, Vermont

ABSTRACT

The trends in skiing injuries showed a decrease during a study
conducted over six seasons, 1972 to 1978, at a Vermont ski
resort. Over 11,000 interviews were conducied and nearly 1,000
controd skiers were evaluated. The injuries totaled 1,711 In
407,600 skier days. Upper body Injuries (pelvis, trunk, neck,
head, and upper extremities) totaled 713 {42%) and lower
extremity injuries totaled 998 (58%). Eighty percent of the
lower extremity injuries were classified as (potentially) equip-
ment related. The overall injury rate decreased 41% (upper
body, 25%; lower extremity equipment-related (LEER), 43%;
and lower elated rate down 71'%).
Knee sprains did nm decline as rapidly as the tibial fractures
and ankie sprains. An increase in the relative frequency of
properly functiond is primarily ible for the
decline in LEER injuries. Mthuugh the relative frequency of
properly adj d bindi ing, more than one-half of
the equipment in use is er[I set higher than recommended.
ian b all individual ble for equi

injuries per 1,000 skier days, " ™™ but two studies™ " indicate
that due to unreported accidents, the truc ratc may be higher.

The basic types of injuries produced by skiing accidents have
been deseribed by many workers," =% 7 "1 The breakdown
of injuries in most studics was similar: 40 to 50% sprains, 20 1o
35% fractures, 8 to 15% | and varying bers of a
wide varicty of other injuries. The majority of injuries are to
the lower extremities, which tend to be more serious than those
1o the upper body.®

The overall injury rate appears to be declining, Tapper”
reported a decline at Sun Valley, Idaho, from 7.4 injurics per
1,000 skier days in 1960 10 1961 to 2.6 per 1,000 skier days in
1975 10 1976. Gutman et al.* reported a similar drop of 5.9 1o
3.4 per 1,000 skier days from 1960 to 1961 to 1972 i0 1973 at
Mt. Snow, Vermont. Many other m\ﬂ:sllg«l.urs1 152 recently
reported downward trends in skiing injury rates. Specifically,
the rate of ankle sprains has decreased in all of these studies,
and lower extremity injuries in general scem o account for
more ul'lhls reduction than upper body injuries. Several inves-

10

design, manufacture, installation, and vse must i if
further improvements in alpine skiing safety are to be realized.

Th: number of skiers in the United States has grown from
approximately 10,000 in 1935 10 present estimates of 5 to 12
million.’ The of the ber of injuries

ly reported that the incidence of upper
body and lower e:(trermly injuries is tending to cqualize.
O'Malley” dem d in lower ity frac-
tures, but an increase in \.Ipper body fractures. O Malley and
Young and Crane’ rcported a dramatic increase in thumb
injuries. The rate of knee sprains has shown no significant
dec].me aocordmg to some authors, while others reported a

1 Rl [ spite of the general trend of decreasing

annually range from 165,000 to 600,000."*" G lly, the
estimates of the injury rates in the 1970s range from 3 to 6

* Supported in part by United States Public Health Service, National
Institutes of Health Grant 18499, Presanted at the interim meeting of
the American Orthopaedic Society for Sports Medicine, San Francisca,
California, February 21 and 22, 1979,

1 Address correspondence to: Robert J. Johnsan, M.D., Department
of Orthepaedic Surgery, University of Yerment, B Ver-
mont 05405

} Yermont Ski Safety, Underhill, Vermont,

s Johnson et al,

injury that scems to be occurring, some less optomistic state-
ments have recently been published. In 1978, Tapper® observed
that the rate of binding-related injuries has decreased very
little, and in 1977, Ellison' reporied only a slight decrease in
the overall injury rate_
The causes of the apparent reductions, generally in the
absence of hard data, arc variously allnhutcd to improved
lope-g| ing and s ki ski instruction,
area manasemenl safety efforts, and thc slnm equipment. The
proof of significant contribution of any of these factors has yet

American Journal of Sports Medicine

The Incidence of Anterior Cruciate Ligament
Injuries Among Competitive Alpine Skiers

A 25-year Investigation

Nicolas Pujol,* Marie Philippe Rousseaux Blanchi,’

and Pierre Chambat,*s MD

From the *Orthopaedic Department, Hopital Andre Mignot, Le Chesnay, France,
the "Centre de Medecine du Sport de Haut Niveau, Albertville, France, and the

Scentre Orthopédique Santy, Lyon, France

Background: Little is known about the evolution of anterior cruciate ligament injury rates amang elite alpine skiers.

Purpose: To evaluate epidemiclogic aspects of anterior cruciate ligament injuries among competitive alpine skiers during the last

25 years.
Study Design: Descriptive epidemioclogy study.

Methods: Data were collected from elite Franch national teams {379 athletes: 188 women and 181 men) from 1980 to 2005.

Results: Fifty-three of the female skiers (28.2%) and 52 of the male skiers (27.2%) sustained at least 1 anterior cruciate ligament
injury. The overall anterior cruciate ligament injury incidence was 8.5 per 100 skier-seasons. The primary anterior cruciate ligament
injury rate was 5.7 per 100 skier-seasons. The prevalence of reinjury (same knee) was 19%. The prevalence of a bilateral injury
{injury of the other knee) was 30.5%. At least 1 additional anterior cruciate ligament surgery (mean, 2.4 procedures) was required
for 33% of the injured athletes. Men and women were similar with regard to primary anterior cruciate ligament injury rate (P = 21),
career remaining after the injury (P = .44), and skiing specialty (P = .5). There were more anterior cruciate ligament injuries (primary,
bilateral, reinjuries) among athletes ranking in the world Top 30 (P < .001). Anterior cruciate ligament-injured athletes had a career
length of 7.5 years, whereas athletes with no anterior cruciate ligament injury had a career of 4.5 years (P < .001). Finally, injury

rates remained constant over time.

Conclusion: Anterior cruciate ligament injury rates (primary injury, bilateral injury, reinjury) ameng national competitive alpine
skiers are high and have not declined in the last 25 years. Finding a way to pravent anterior cruciate ligament injury in this pop-

ulation is a very important goal.

Keywords: ski; anterior cruciate ligament |n|ury sp-or‘t specific injuries; prevaience

Alpine skiing is the most popular winter sport in the
world. For nearly 40 years, progress in quality ski equip-
ment and considerable improvement of ski boots and bind-
ing systems contributed to the reduction of many injuries
(50% less since 1972)." Leg and ankle injuries particularly
decreased,” but serious knee lignment sprains have risen
dramatically."!‘ Ten percent of all the accidents in snow

'Address comespondence to FPlerrs Chambat, MD. Centre
Onhopédigue Santy, 24 Avenue Paul Santy, 69008 Lyon, France (e-mail:
pierre.chambat@wanadoo.fr).

Mo paotential conflicts of interast declared.

The American Journal of Sports Medicine, Val. 35, No. 7
DGl: 10.1177/0363546507301083
@ 2007 American Orthopaedic Sociaty for Sports Medicing
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skiing invelve an anterior cruciale Ilgament {ACL)

injury, ¥ which is twice more than in 1970.5 Forty-five per-
cent to B0% of knee injuries during alpine skiing involve
an ACL injury.™®

Various mechanisms could cavse an ACL injury during
skiing™ The boot-induced anterior drawer mechanism
during hard lum{\ru,a: after a jump is common amang high-
level alpine skiers.” When the top of the ski boot, drives the
tibia forward, the skier assumes a characteristic seated
position. This produces an anterior-directed force on the
tibia relative to the femur, which is incompletely controlled
by a massive quadriceps contraction.”® This mechanism of
ACL injury in elite alpine skiers is distinct [rom that of the
recreational skier, which typically involves a combined val-
gus and internal rotation tibial force.
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BIOLOGY OF ANTERIOR CRUCIATE LIGAMENT INJURY AND REPAIR

1505

Figure 6. The distal femur cartilage 1-yvear after (A) an untreated ACL rupture. (B) after conventional ACL reconstruction, and (C)
after bioenhanced ACL repair. Note the damage to the medial femoral condyle in the untreated and ACIL reconstructed knees (black
arrows) and the lack of damage in the medial femoral condyle in the bio-enhanced ACL repaired knee (white arrow; adapted with
permission from Murray and Fleming®®).
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