
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       ”Man kan bare se riktig med hjertet, 
        det vesentligste er usynlig for øyet” 
          Ordspråk 



Summery 
 

The aim of this thesis was to increase the knowledge about anterior cruciate ligament injuries in 

team handball through two epidemiological studies (“how many, when, who and how”), one 

follow-up study (“what is the long term outcome”) and a prevention study (“what can be done”). 

 

In the first study the total number of cruciate ligament injuries was registered in the three upper 

divisions in the 1989-91 seasons for men and women. A total of 93 injuries were found, 87 ACL 

injuries and six PCL injuries. The injury prevalence was higher among women (1.8%) than men 

(1.0%) and the risk of getting a cruciate ligament injury was highest in highest division (4.5%). 

Most injuries occurred during matches, where the injury incidence was 0.97 cruciate ligament 

injuries per 1000 playing hours. Only 5% of the injuries occurred during contact between the 

players. A high friction between the foot and the floor might have importance. 

 

In the second study the purpose was to examine gender differences in the incidence of ACL 

injuries among elite level players and look for possible injury mechanisms and risk factors. A total 

number of 28 ACL injuries was found during the three seasons, 23 among women (incidence: 

0.31/1000 playing hours) and five among men (incidence: 0.06/1000 playing hours), the risk ratio 

was 5.0. Most of the injuries (24) occurred during matches (risk ratio 29.9 compared to training). 

Most of the injuries were non-contact injuries. There seemed to be an increased risk of getting an 

ACL injury during the week prior to and after the start of the menstrual period. 

 

A follow-up study of the ACL injured players from the 1989-91 registration was performed to 

evaluate the consequences of an ACL injury 8 (6-11) years after injury. The players went through 

clinical examination, knee laxity testing, IKDC evaluation, Lysholm score, strength tests and 

functional tests, and finally a radiological examination of 50 of the players. Fifty-seven of the 

players were treated operatively and 22 conservatively. Almost 60% of the players in the 

operatively treated group returned to team handball at pre-injury level compared with 82% in the 

conservatively treated group. Of the operatively treated players who continued playing handball, 

22% re-ruptured their ACL, while 9% ruptured their opposite ACL. The overall Lysholm score 

was 85 of a maximum of 100 and there was no difference between the treatment groups. Nearly 

half of the players were classified as abnormal/severely abnormal (C and D) in the IKDC 

evaluation, the rest of the players was classified as normal or nearly normal (A and B). Almost 

half of the players in both groups had developed radiological osteoarthrosis. There was no 



correlation between radiological findings and pain scores. These results could indicate that a 

more restrictive attitude concerning the return to high level pivoting sports may be warranted. 

 

An ACL prevention study was performed among female players in the three upper divisions 

during the 1998-2001 seasons (98-99: Control season, 99-00: First intervention season, 00-01: 

Second intervention season). All players were asked to perform a neuromuscular training 

program with increasing difficulty to increase knee awareness and control. There were three sets 

of exercises, one on the floor, one on a balance mat and finally one on a wobble board. The 

program lasted for about 15 minutes and the program was done three times a week in a 5-7 week 

period and then once a week during the season. A physical therapist was assigned to the teams 

during the second intervention period. The total number of ACL injuries was reduced from 29 in 

the control season to 23 in the first intervention season and 17 in the second intervention season. 

In the elite divisions the risk of ACL injury was reduced among the players who performed the 

program as intended. The study indicates that it is possible to reduce the number of ACL injuries 

with a special neuromuscular training program. 

 

Key Words: Etiology, cruciate ligament injuries, European team handball, ACL injury, menstrual 

status, follow-up study, knee function, graft rupture, return to sport, activity level, prevention, 

neuromuscular training. 
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Introduction 

ACL injuries in team handball 

Team handball is one of the most popular sports in Norway. The Norwegian Handball 

Federation is the third largest sports federation with 96.000 members. About 2/3 of the members 

are females and 2/3 are under the age of 17.  

This study was carried out in order to increase our understanding of anterior cruciate ligament 

injuries in team handball. This was investigated through two epidemiological studies (“how many, 

when, who and how”), one follow-up study (“what is the long term outcome”) and finally, a 

prevention study (“what can be done”). 

It is hoped that the findings of this thesis will contribute towards a better understanding of these 

issues, especially among female team handball players but perhaps also with relevance for other 

team sports. 

The knee joint 

The knee joint is the most complicated joint in the body. It consists of several interacting 

structures involved in the three-dimensional movements of the joint. High loads are transferred 

through the knee joint as a result of body weight, muscle forces and of long lever arms. 

The main movement between the femur and tibia is flexion-extension, but rotation and varus-

valgus movements also take place between the bones.  

The stability of the knee joint depends on a fine balance between the ligaments, the menisci and 

the muscles. The anterior cruciate ligament (ACL) is the most important stabilizer in the knee 

joint (Figure 1). 
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Figure 1. The structure of the knee (the right knee in a frontal view). The patella and the joint capsule is removed. 

The figure has been modified from Netter (1995). 

Function of the ACL 

The ACL is a band of regularly oriented dense connective tissue that connects the femur and 

tibia. The ligament is attached to the posterior aspect of the medial surface of the lateral femoral 

condyle. On the tibia the ligament is attached to a fossa in front of and lateral to the anterior 

tibial spine. The ACL passes anteriorly, medially and distally across the joint from femur to tibia. 

It has a slight spiral form caused by its bony attachments (Odensten and Gillquist 1985). The 

bony attachments are also responsible for the relative tension throughout the range of motion 

(Girgis et al. 1975). The ACL consists of two parts, the anteromedial (tight in flexion) and the 

posterolateral (tight in extension). The average thickness of the ACL is 11 mm, and the average 

length is reported to range from 31 mm (Girgis et al. 1975) to 38 mm (Odensten and Gillquist 

1985). The ACL receives nerve fibres from branches of the tibial nerve. Nerve fibres and sensory 

organs are located in the ligament (Kennedy et al. 1982; Zimny 1988; Halata and Haus 1989). The 

finding of mechanoreceptors in the ligament has confirmed that the ACL has a sensory role 

(Schutte et al. 1987; Schultz et al. 1984). 
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Biomechanical function 

The ACL is the primary restraint against anterior translation of the tibia relative to the femur. It 

provides 85% of the restraint to anterior translation at 30 degrees of knee flexion (Butler et al. 

1989). The ACL also resists hyperextension of the knee, and prevents anterolateral rotatory 

instability (Girgis et al. 1975). At 0 to 40 degrees of flexion the ACL also act as a valgus-varus 

stabilizer. 

The strength of the ACL is found in young cadaver studies to be about 1750 N, but this depends 

of the direction of the load applied (Woo et al. 1991). Due to methodological problems nobody 

has measured the tension directly in in-vivo studies. Various studies however, have shown that 

there is an increase in ligament strain from 30 degrees of flexion to full extension (Henning et al. 

1985; Beynnon et al. 1992; Beynnon et al. 1995; Beynnon et al. 1997). The estimated load of the 

ACL during daily activities varies between different studies. Morrison (Morrison 1970) estimated 

a peak load in walking of 169 N, 67 N when ascending a ramp, and about 500 N in descending a 

ramp. Chen and Black (Chen and Black 1980) estimated the load during jogging to 630 N in 

1980. Downhill running seems to create the greatest strain on the ACL (Henning et al. 1985).  

Sensory function 

As early as 1944 Abbott published a dissertation of knee ligament injuries where he concluded 

that the knee had rich sensory innervations. Strong impulses initiated when the ligament was 

overstretched resulted in contraction of muscle groups, thereby protecting the knee, and 

preventing further injury and subluxation of the knee. Kennedy et al (Kennedy et al. 1982) 

hypothesized that a knee injury leads to ligamentous instability that results in a failure of 

mechanoreceptor feedback and loss of reflex muscular contractions. He suggested that this 

contributed to repetitive injuries and clinical decline. 

Most studies have shown a reduced proprioception in the ACL injured knee compared to the 

normal knee or a control group (MacDonald et al. 1996; Borsa et al. 1997; Barrett 1991; Fischer-

Rasmussen and Jensen 2000). The studies on reconstructed knees are less clear. Some find 

reduced proprioception after a reconstruction (Lephart et al. 1992), others find no difference 

(Risberg et al. 1999a) and some find a reduced proprioception after surgery but improving over 

time (Fremerey et al. 2000). This could be explained by the time spent to regenerate the 

mechanoreceptors in the reconstructed ligament (Risberg 1999). 
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The muscle activity in the lower extremity protects against injuries in two ways, first by reducing 

the load on the knee ligaments (Goldfuss et al. 1973) and secondly with a shock absorbing effect. 

Most studies emphasize the importance of a fast activation of the hamstrings muscles to achieve 

maximal power in the muscle group as quickly as possible. ACL injured patients who function 

well recruit the hamstrings muscles faster than patients with an ACL injury and an unstable knee 

(Beard et al. 1993). 

When the strain in the ACL increases, the mechanoreceptors send sensory signals to the spinal 

cord and the hamstrings muscles fire to protect the ACL, but new studies have shown that the 

firing of the hamstrings muscles may occur too late to protect against injury (Huston and Wojtys 

1996; Simonsen et al. 2000). Hall et al (Hall et al. 1995) found reduced proprioception in people 

with increased knee laxity and intact ACLs. However, there is so far no evidence that people who 

are generally lax injure their ACL more often than people with normal laxity (Decoster et al. 

1997). 

The finding of mechanoreceptors in the ACL has given us a better understanding of the 

problems many ACL injured people have with their knee function. Patients with ruptured ACLs, 

whether treated conservatively or with reconstructive surgery, can have significant functional 

problems with episodes of giving way despite having developed excellent muscle strength in their 

lower extremities. One reason may be a loss of neuromuscular control after their ACL injury. 

This experience has had a great impact on the treatment of ACL injuries, and the focus has 

shifted from strength-based rehabilitation programs to combined programs where both strength 

and neuromuscular training are used. The neuromuscular training consists of exercises that 

challenge neuromuscular control, for example balance training on one leg, jump-training and/or 

perturbation training (introducing an unexpected event that changes the movement or the 

movement goal).  

This is an area in progress, there are still many unanswered questions and the rehabilitation 

programs will probably change in the future with new knowledge. 

Injury incidence 

Studies have shown that of injuries recorded at Norwegian hospitals and accident departments, 

17% are sports injuries. Of these injuries 33% are caused by football, 20% by skiing and 12% by 

team handball (Lereim 1997). The severity and the consequences of sport injuries vary. A knee 
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injury is one of the injury types that results in the most serious consequences with respect to 

absence from sport and work, medical disability and insurance claims. ACL injuries are expensive 

both for the patient and society. Each ACL injury is calculated to cost between 500.000 and 

1.000.000 NOK; in surgical expenses, sick leave, rehabilitation and possibly disability 

compensation (Engebretsen 2000). The number of operations has increased significantly, from 

1000 in 1990 to 2000 in 2000 in Norway (Engebretsen 2000).  

The only previous study looking at injury incidence in team handball was a retrospective study 

published in 1990 (Strand et al. 1990). They interviewed ACL injured players (ten years back in 

time) from hospital records at two hospitals in Norway (n=144). They found that the incidence 

of ACL injuries was highest among women playing at the top level with 0.82 ACL injuries per 

1.000 playing hours compared to male players with 0.31 injuries per 1000 playing hours. 

The gender difference found in the study by Strand et al (Strand et al. 1990) has also been seen in 

other ball sports like basketball, soccer and volleyball (Hutchinson and Ireland 1995; Arendt and 

Dick 1995; Ferretti et al. 1992). The rate of ACL injury among women was 2.4 times higher in 

soccer and 3.0 times higher in basketball compared to men (Arendt and Dick 1995).  

In alpine skiing the number of injuries in general have declined over the last two decades, but the 

number of knee injuries, in particular ACL injuries have increased (Hame et al 2002). Twenty-five 

to 30% of all ski related knee injuries involve the ACL (Speer et al 1995). The gender difference is 

not as distinctive in alpine skiing. Viola et al (1999) found a similar incidence rate among male 

and female skiers in a retrospective review of ACL injuries among professional alpine skiers. 

However, in a study of competitive alpine ski racers Stevenson (1998) found that the female 

racers were 2.3 times more likely to sustain an ACL injury than male racers.  

The study by Strand et al (Strand et al. 1990) was important since it focused on what appears to 

be an increasing problem in the sport in general, and team handball in particular, at least based on 

the number of operations being performed. However, because it was retrospective and covered 

only a small region of Norway, we thought that there was a need for prospective studies to assess 

the ACL incidence in team handball and examine the distribution of injuries related to gender. 

This was the focus of Paper I & II. 
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Risk factors 

When trying to understand the etiology of the ACL injury it is necessary to identify risk factors. It 

is common to divide risk factors in two main categories: internal and external risk factors (van 

Mechelen et al. 1992; Arendt and Dick 1995).  

When describing the relationship of factors to injury I will use Meeuwisse‘s (Meeuwisse 1994) 

dynamic multifactorial model of sports injury etiology (Figure 2).  

Predisposed
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Figure 2: A dynamic, multifactorial model of sports injury etiology. Reprinted with permission from Clinical 

Journal of Sports Medicine, Lippencott, Williams and Wilkins. (Meeuwisse 1994). 

Meeuwisse classifies the intrinsic factors as predisposing factors that are necessary, but seldom 

sufficient, to produce injury. Intrinsic factors are athlete-related factors, such as gender, age, 

flexibility, somatotype and previous injury. In his theoretical model extrinsic risk factors (such as 

playing conditions, weather or equipment), act on the predisposed athlete from without and are 

classified as enabling factors in that they facilitate the manifestation of injury. The presence of 

both of these factors are not sufficient to produce injury, it is the sum of these risk factors and 

the interaction between them that “prepare” the athlete for an injury to occur at a given place, in 

a given sports situation (Bahr et al. 2002). Meeuwisse describes an inciting event to be the final 

link in the chain of causation to sports injury and states that such an inciting event is usually 

directly associated with the onset of injury. Such events are regarded as necessary causes. This 
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inciting event is often described as the injury mechanism. Studies on the etiology of sports 

injuries tend to focus on the injury mechanism and tend to neglect factors more distant from the 

injury event (i.e. the intrinsic and extrinsic risk factors). This can cause an overemphasis of such 

events in both the etiology and prevention of sports injuries (Bahr et al. 2002).  

ACL injuries are multifactorial in their etiology (Hutchinson and Ireland 1995; Arendt and Dick 

1995; Hewett 2000; Griffin et al. 2000) and it is important to examine which combination of 

factors that is most essential. For instance, describing an ACL injury as a non-contact or contact 

injury does provide meaningful information, but leaves us far from having a complete 

understanding of the injury mechanism (Bahr et al. 2002). 

Intrinsic factors: Suggested intrinsic factors include alignment of the lower extremity, femoral 

notch size and shape, ligament size, coordination and neuromuscular control. In addition, it has 

been suggested that there may be sex differences in ligamentous laxity, possibly related to cyclic 

hormonal effects (Hutchinson and Ireland 1995; Hewett 2000), but the results of studies dealing 

with this issue are inconsistent. Wojtys et al (Wojtys et al. 1998) observed an increased injury risk 

in the ovulatory phase of the menstrual cycle, while Karageanes et al (Karageanes et al. 2000) did 

not find any significant change in ACL laxity during the menstrual cycle in a study of 26 young 

females (age: 14-18).  

The size of the femoral intercondylar notch has been extensively debated in the literature. The 

theory is that notch stenosis results in impingement and tears the ACL (Arendt 2001). There 

seems to be a consensus implicating that the notch size has a role in relation to ACL injury, but 

the size of the ACL inside the notch may be more important than the variability of the notch 

dimensions. The debate continues whether a small notch houses a small ACL and/or if the ACL 

is at risk because it is smaller and then weaker (Arendt 2001).   

Generalized joint laxity or knee hyper-mobility have been suggested as risk factors. The theory is 

that by the time a lax person senses the knee position, it is too late and the injury will occur 

(Nichlas 1970, Mortez et al 1982). However, recently Decoster et al (1997) did not find any 

significant difference in overall injury patterns between hyper-mobile athletes compared to 

athletes with normal laxity. 

Recently the “tibial slope” has been discussed as a possible anatomic risk factor. The theory 

indicates that the greater the posterior slope, the easier it is for the femur to slide down the slope 

when the tibia is subjected to a quadriceps force (Arendt 2001). A person with a greater tibial 
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slope could be more susceptible to an ACL injury. This theory has been supported by DeJour 

and Bonnin (Dejour and Bonnin 1994), they found that for every 10° increase in posterior tibia 

slope, there is a 6 mm increase in anterior tibial translation. However, these results have not been 

confirmed by other studies. At this point the theory needs further investigation (Arendt 2001).  

Extrinsic factors: Potential extrinsic factors include shoe, playing surface and the shoe/friction 

interaction. One hypothesis is that high friction between the shoe and floor increases the injury 

risk. This was hypothesized as early as in 1990 in the study by Strand et al (Strand et al. 1990). 

They found an increased risk of ACL injuries on synthetic surfaces compared to parquet, with 

0.34 ACL injuries per 1000 playing hours on synthetic floors compared to 0.06 ACL injuries per 

1000 playing hours on parquet. As part of our research program we have studied the incidence of 

sustaining an ACL injury related to floor type (Olsen et al. 2003b). All ACL injuries (n=53) 

recorded in regular league matches during three periods between 1989 and 2000 were registered. 

In addition the floor type in every match was determined based on match schedules. The study 

showed a higher risk of sustaining an ACL injury on artificial floors compared to wooden floors. 

In other words, to prevent ACL injuries it might be worthwhile examining measures to reduce 

the shoe-floor friction, whether through improved shoe designs, floor types or maintenance 

routines. 

The implication of sex differences in ACL incidence has been studied among the above 

mentioned risk factors. Recently, the focus has been on proprioception and neuromuscular 

control. Hewett (Hewett et al. 2002) hypothesises in a review that females have three 

neuromuscular imbalances: Firstly, they seem to be ligament-dominant which refers to absence of 

muscle control of mediolateral knee motion. During single-leg landing, when pivoting or 

decelerating the female athlete allows the ground reaction force to control the direction of 

motion of the lower extremity joints, and the ligaments take on a significant percent of the force. 

This leads to high forces and high valgus torques to the knee (Hewett et al. 2002). The second 

imbalance is termed “quadriceps dominance”, female athletes preferably activate their knee 

extensors over their flexors during sports activity to stabilize their knee. The third imbalance is 

“dominant leg dominance” which is the imbalance between muscular strength and recruitment of 

opposite limbs, with the nondominant leg often having weaker and less coordinated hamstrings 

muscles. This imbalance could predispose the non-dominant leg to injury during pivoting or one-

leg landing activities (Hewett et al. 2002). A reeducation of the neuromuscular control is Hewett`s 

proposed solution with the use of neuromuscular training programs. 
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In spite of these studies, the relationship between gender and neuromuscular control is still not 

clear and needs further research. 

Injury mechanisms 

Over the past decades, several studies have been done to understand the anatomy and function 

of the ACL. Injury surveillance has been done in basketball and soccer in the US, but so far little 

research has been done on the injury mechanisms. Boden et al (Boden et al. 2000) reported on 

the mechanisms of 100 video tapes of ACL injuries in different sports, mainly soccer, basketball 

and American football. A non-contact mechanism was reported in 72% and a contact injury in 

28% of the situations. In the non-contact situations most of the injuries occurred at foot strike 

with the knee close to full extension. In the contact situations the injury occurred as a result of a 

valgus collapse of the knee (Boden et al. 2000). 

In the study of Strand et al (Strand et al. 1990) they observed that the injuries occurred in a plant 

and cut movement in 36% of the cases and in a turn in 15%. The back players sustained 58% of 

the injuries and 76% occurred in the attacking phase of the play. Most often, the injury was a 

non-contact injury, only 1/3 of the injuries occurred in contact with the opponent. However, it is 

not clear whether contact was with the injured leg, or with any part of the body. 

As part of our research program the injury mechanisms in team handball have been analyzed 

using videotapes of injury situations (Olsen et al. 2003b). We collected 20 videotapes of ACL 

injuries from female team handball, the videos were digitized and enhanced by creating still, slow 

motion and enlarged picture sequences of the incident. The videos were then analyzed by three 

handball and three medical experts. The study showed that the injuries usually occurred in a non-

contact plant and cut movement or when landing after a jump shot. The injury mechanism in all 

cases was forceful valgus-external or – valgus-internal rotation with the knee close to extension, 

and the injuries seemed to happen when the foot was planted and firmly fixed to the floor (Olsen 

et al. 2003b). All of the observers of the videos concluded that the ACL ruptured shortly after 

foot strike, although it is not possible from the video analysis to determine exactly when the 

ligament ruptures. Obviously, there is a need for further biomechanical studies to obtain a more 

exact understanding of the injury mechanisms.  
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Treatment 

The ACL injury was first described in 1850 by Stark (Grøntvedt 1996), and the first 

reconstruction was described in 1917 by Hey Groves using the iliotibial band. In 1937 Palmer 

reported success with ten sutured ACL injured patients, but this treatment as well as prostethic 

ACL replacements have later proved to be insufficient alternatives (Andersson et al. 1991; 

Grøntvedt 1996; Dahlstedt et al. 1990; Engstrom et al. 1993). 

The gold standard for ACL reconstructions for the last two decades has been the intra-articularly 

placed bone-patellar tendon-bone (BPTB) autograft, where the central third of the patella tendon 

with bone blocks at both ends is used (Eriksson 2001). From the late 1980s the orthopedic 

surgeons have used the arthroscopic reconstruction technique, with the benefit of less surgical 

morbity in the early postoperative period (Clancy and Smith 1991; Rosenberg and Graf 1992). 

The treatment options after an ACL injury are either conservative or surgical. There is a general 

agreement that a proper rehabilitation is necessary in both cases. The rehabilitation is almost 

identical, but the surgically treated group usually needs longer time (6-12 months) to achieve the 

rehabilitation goals if surgery is not performed (3-6 months). In recent years the increased 

awareness of the importance of neuromuscular control has changed the rehabilitation programs 

from strength-based exercises to a greater emphasis on functional rehabilitation with 

neuromuscular exercises (Wilk et al. 1999). 

So far there is no gold standard in ACL rehabilitation; the treatment has changed along with 

experiences from clinical studies and clinical practice, by orthopaedic surgeons, physical 

therapists in cooperation with the patients. Shelbourne’s accelerated rehabilitation program is 

mostly a result of patients that did not follow the original protocol. They used their reconstructed 

knee earlier and more aggressively than prescribed and returned to control with well-functioned 

knees much earlier than expected (Shelbourne and Nitz 1990). This finding led to a reassessment 

of the rehabilitation protocol. Now the most aggressive rehabilitation protocols allow patients to 

start running 4 weeks postoperatively, and to participate in pivoting sports after 3-4 months 

(Shelbourne and Rowdon 1994). However, the ligament and the muscle strength are at this time 

still weaker, far from the normal ACL (Arnoczky et al. 1982; Hefti et al. 1991; Risberg et al. 

1999a). In addition, the patients have not obtained their neuromuscular control at this point of 

the rehabilitation (Lephart et al. 1992; Fischer-Rasmussen and Jensen 2000; Fremerey et al. 2001). 
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Many authors agree that patients in high-level sports and patients in physically demanding 

occupations should be treated with early surgery after their ACL injury. Inactive patients and 

patients who are willing to accept a decrease in their activity level should be treated conservatively 

and then reassessed (Noyes et al. 1980; Zarins and Adams 1988; Warner and Warren 1990; 

Fitzgerald et al. 2001). 

Success following an ACL reconstruction depends on many aspects. First, the operation must be 

successful, second, the physical therapy most be adequate, and third, the patient must be 

motivated for a long rehabilitation period. In Norway it is customary to follow the patients for six 

months, and treatment is without cost to the patients during this period.  

Consequences of an ACL injury 

There are few follow-up studies examining the long time consequences of an ACL injury, 

especially in elite athletes. Roos (Roos 1994) examined soccer players three to seven years after an 

ACL injury and found that 30% were active in soccer after three years compared with 80% in the 

uninjured control population, after seven years none injured elite players were active independent 

of type of treatment. Scavenius (Scavenius et al. 1999) found in a study that only two of 24 

players returned to pivoting sports after conservative treatment.   

Studies examining reinjury risk are few, and they report a wide range of rerupture rates from 0.2-

20% (Mitsou and Vallianatos 1996; Sandberg and Balkfors 1988; Otto et al. 1998; Bak et al. 

2001). However, these studies represent mixed populations of athletes and non-athletes. The 

rerupture rate after ACL surgery after return to elite sports in general, and team handball in 

particular, is not known.  

Osteoarthritis (OA) is a possible consequence after an ACL injury whether the patient has 

surgery or has been treated conservatively. Persons with knee OA suffer from swelling and pain, 

loss of knee range of motion, and often altered function with diminished muscle strength 

(Gillquist and Messner 1999). The incidence of knee OA differs from sport to sport. Repetitive 

loading of the joint with continuous stress may result in micro-trauma and degeneration of the 

cartilage. The degree of degeneration depends on the amount, type and intensity of the sport 

participation. In a review, Saxon et al (Saxon et al. 1999) stated that sports activities with high 

impact loading are associated with higher risk of OA, while sports and activities with low impact 

loading in general are not associated with a higher risk. Roos (Roos 1994) showed in a study that 
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former soccer players, both with and without former injuries, had increased risk of knee OA. The 

risk was even more pronounced for elite players. The prevalence of OA was 34% among elite 

players compared with 11% in non-elite players and 4% in controls. 

Both reconstructive surgery and conservative treatment seems to be associated with high risk of 

developing OA (Sommerlath et al. 1992; McDaniel and Dameron 1983). But the data are not 

consistent; O`Brian (O'Brien 1993) looked at conservatively treated patients 20 years after injury 

and found a lower incidence of OA compared to a group of reconstructed patients. Another 

study showed that only 1% of the patients that had undergone a reconstruction had signs of OA 

five to nine years after the reconstruction (Mitsou and Vallianatos 1996). While Sommerlath and 

Gillquist (Sommerlath et al. 1992) found 20% gonarthrosis in ACL reconstructed knees 12 years 

after injury, an associated meniscus injury increased the incidence of gonarthrosis to 46%. 

Gillquist and Messner (Gillquist and Messner 1999) concluded that all available studies show that 

a high frequency of radiographic changes is the rule rather than the exception after ACL injury or 

reconstruction. 

Data on the long-term consequence of the treatment chosen, operative or conservative, is so far 

non existent in team handball, and we have limited knowledge about the prognosis for the 

injured player with respect to the return to sport, the risk of reinjury, future knee function and 

the risk of OA. These issues were the focus of Paper III. 

Prevention 

Prevention is the ultimate goal of sports injury epidemiology (Bahr 2002), and as soon as there is 

evidence that points to an association between certain risk factors and injury it is natural to test 

this through an intervention (Caine et al. 1996). The risk factors concerning non-contact ACL 

injuries among females are currently a topic of vigorous debate and intense study in sports 

medicine. So far preventive research has focused on improving the neuromuscular control of the 

individual, since this appears to be the most promising modifiable risk factor regarding ACL 

injuries (Arendt 2001). 

After studying the ACL injuries among female basketball players in US for 10 years, Henning 

concluded that the most common mechanisms of injury were in planting and cutting (29%), 

straight-knee landing (28%) and one-step stop with the knee hyperextended (26%). He 

introduced a prevention program consisting of drills where the athletes practiced substituting an 
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accelerated rounded turn off a bent knee for the pivot and cut, landing on a bent knee instead of 

a straight knee, and finally, a three-step stop instead of one-step stop with the knee 

hyperextended. Preliminary data in a limited population of basketball players over two years 

demonstrated an 89% decrease in ACL injury rate (Griffin et al. 2000).  

The first intervention study to prevent ACL injuries among male soccer players was performed in 

Italy (Caraffa et al. 1996). The study included 300 players in the intervention group, who 

completed a neuromuscular training program, and 300 players in a control group, who practiced 

soccer as before. The exercises were performed on different types of wobble boards and the 

players practiced approximately 20 minutes each day with five levels of difficulty. Each phase of 

training was performed for three of six trainings days, depending of proficiency, and all training 

sessions lasted for at least 30 days. The players had to demonstrate good skill before progressing 

to the next level (Caraffa et al. 1996; Cerulli et al. 2001). In this study the intervention group 

achieved an 86% reduction in ACL injuries compared to the control group (Caraffa et al. 1996). 

Soderman et al (Soderman et al. 2000), on the other hand, tried out a similar preventing program 

in a prospective randomized intervention study where female soccer players practiced on a 

wobble board. All players in the intervention group were to perform the exercises at home 10-15 

minutes each day for 30 days and then three times per week during the season. The control group 

continued to practice as usual. In this study, they found no significant differences between the 

groups with respect either to the number, incidence or type of traumatic injuries in the lower 

extremities. 

Hewett et al (Hewett et al. 1996) observed a reduced incidence of severe knee injuries in female 

volleyball players using a six week jump training program. They focused on changing landing 

technique to decrease forces by teaching neuromuscular control of the lower extremity during 

landing. However, although the results are promising the intervention and control group 

consisted of an uneven number of athletes from different sports. In addition, the number of 

injuries was low and the study was too small to evaluate the specific effect on ACL injury rates.  

Other studies on ACL injuries or lower extremity injury prevention have had a more multifaceted 

approach in their intervention programs. Heidt (Heidt, Jr. et al. 2000), Mandelbaum 

(Mandelbaum et al. 2000) and Wedderkopp (Wedderkopp et al. 1999) have all used interventions 

consisting of warm-up training program, stretching, strength training, plyometrics and sports 

specific agility training. In the study by Heidt et al (Heidt, Jr. et al. 2000) 42 of 300 female soccer 

players participated in a 7-week, 20 sessions, individually tailored program to improve speed and 
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agility. Their preseason program resulted in an overall reduction in the number of injuries in 

general, and of nine ACL injuries at the end of the season, eight were in the untrained group.  

In the study by Mandelbaum et al (Mandelbaum et al. 2000), they evaluated the effectiveness of a 

neuromuscular and proprioceptive sport specific training program in order to reduce the number 

of ACL injuries among young female soccer players. A video and supplemental literature was 

given to the participating teams in the intervention group. Fifty-two teams (1041 players) 

participated in the intervention, which consisted of traditional warm-up, stretching, 

strengthening, plyometrics and sport specific agility training. They also stressed avoidance of high 

risk behavior and tried to increase the kinesthetic awareness of the training group. During the 

season they confirmed two ACL injuries in the intervention group while they had 32 in the 

control group. There was an overall 88% decrease in ACL injury among the players in the 

intervention group. Although there was an impressive reduction in injury risk, there is a 

possibility of a selection bias, since the teams in the intervention group were highly motivated 

and volunteered to participate in the study. 

Wedderkopp et al (Wedderkopp et al. 1999) introduced a preventive program in a randomized 

prospective study among young female team handball players. The aim of the study was to 

investigate the effectiveness of an intervention program designed to reduce the number of 

injuries in young female players. The intervention consisted of the same types of exercises as 

Mandelbaums program, in addition the players should use an ankle disc for ten minutes at all 

practice sessions. The results indicated that the intervention program decreased both traumatic 

and overuse injuries significantly. However, this was a reduction in all types of injuries; they 

found no significant reduction of knee injuries in the intervention group. 

However, no studies had tried out an ACL preventive intervention in team handball, and the 

promising results from Italian soccer inspired us to test a similar approach in team handball. The 

high number of ACL injuries and the potential dire long-term consequences of ACL injuries 

made developing of a preventive strategy an urgent priority. This was the objective of Paper IV. 
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Aims of the study 

The aims of the present study were to examine: 

1. The ACL injury incidence in team handball (Papers I & II). 

2. The gender differences in ACL injury incidence in team handball, injury mechanisms and 

possible risk factors, including menstrual status (Papers I & II). 

3. The return rate to sport in team handball players, the re-injury rate after reconstruction and 

clinical outcome 6-11 years after an ACL injury, including the prevalence of radiological 

changes (Paper III). 

4. The effectiveness of a preventive neuromuscular training program on the incidence of ACL 

injuries among female team handball players (Paper IV). 
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Methods 

Study populations 

In paper I all cruciate ligament injuries in the three upper divisions for both male and females 

during the 1989-91 seasons were recorded. All the ACL injured players (n=87) from this study 

group were invited to participate in study III six to eleven years after their initial injury. In paper 

II all elite players during the 1993-1996 seasons were followed prospectively. Finally, in paper IV 

all female players in the three upper divisions from 1998-2001 were in the study group.  

In these studies, the ability to record and verify all ACL injuries is crucial, and we have followed 

the teams very closely to avoid missing any injuries among the players during the registration 

periods. We kept in close contact with the team coaches, as well as the team physical therapist, if 

one existed. In addition, all the players were covered by NHF‘s compulsory injury insurance 

policy. This insurance covers the player’s expenses for treatment and possible operative costs, so 

it is very unlikely that any player with an ACL injury did not register their injury. The risk of 

including any “false positive” ACL injuries is assumed to be minimal, since almost all injuries 

have been verified arthroscopically, and with the patient’s consent we have obtained copies of 

their hospital records. 

Questionnaire 

A questionnaire developed by Strand et al (Strand et al. 1990) was used in paper I. It underwent 

minor changes and was used again in paper II and IV, but the main information always dealt with 

the injury situation, personal data, training history and menstrual data. In paper I the 

questionnaire was sent to the injured players and returned to the investigator. In paper II and IV 

the investigator interviewed the players in person or by phone. During the preparation for paper 

III a new questionnaire was developed, including questions on rehabilitation and recovery 

history, return to sport, reinjuries and consequences of the injury. This questionnaire was mainly 

filled out by phone. 

Injury definitions 

Total ACL ruptures which occurred during organized handball training or games were registered. 
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Tests 

All the patients in paper III went through a clinical examination by two experienced physicians. 

In addition the following tests and outcome measurements were used: 

1. The KT-1000 arthrometer (MEDmetric, San Diego, California, USA) described by Daniel et 

al (Daniel et al. 1985) was used to evaluate knee joint laxity in both conservatively and 

operatively treated patients.  

2. Muscle performance tests with isokinetic equipment (Cybex 6000 dynamometer, Cybex-

Lumex Inc, Ronkonkoma, NY, USA, or Biodex System 2 Isokinetic Dynamometer Biodex 

Medical Inc., Shirley, NY, USA) to evaluate the quadriceps and hamstrings muscle 

performance.  

3. Pain was recorded using Lysholm and IKDC evaluating scores. 

4. Measures of thigh circumference for recording of muscle atrophy. 

5. Osteoarthritis was assessed by radiograph using Ahlbacks (Ahlback 1968) classification. 

6. Functional knee tests to measure lower limb performance (Risberg and Ekeland 1994). 

7. The Lysholm (Lysholm and Gillquist 1982) and IKDC (Hefti et al. 1993) scores to evaluate 

the patient’s perception of symptoms and function. 

ACL injury prevention program 

Few studies exists dealing with prevention of ACL injuries in sports, and no study in team 

handball. When deciding to perform an ACL injury prevention study it was important to develop 

a program that was applicable to handball, relatively “easy” to carry out and would enhance 

neuromuscular control. We used the exercises used in the study by Caraffa et al (Caraffa et al. 

1996) as model for parts of the program, but also focused on the two injury risk situations seen in 

paper I & II, the plant and cut movement and the landing after a jump shot. We developed 

exercises which emphasized a narrower stance with more knee and hip flexion in the plant and 

cut situation, and exercises focusing on two feet landings with more knee and hip flexion in the 

jump shot situation. One set of exercises was floor exercises, one set on a wobble board and 

finally one set on a balance mat. The use of three types of exercises also made it easier to split the 

team and use five minutes on each type of exercise. After the first intervention season (1999-



 

 

 

 

25

2000) we changed the intervention program somewhat to make it more challenging and specific 

to handball. In addition physical therapists were attached to each team to supervise the training 

program.  

The first intervention season compliance was recorded based on a team basis, the second 

intervention season compliance was recorded individually for every player throughout the season. 

To fulfill the compliance requirement the teams or players had to conduct a minimum of 15 ACL 

injury prevention sessions during the 5-to-7 week program with more than 75% player 

participation. 
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Statistical methods 

Most data in this study have described the average as arithmetic mean, and the measure of 

variability as standard deviation (SD), standard error of the mean (SE) or range.  

Paired t-tests were used to compare involved and uninvolved legs in paper III. For nominal 

categorical data a chi-square test was used to determine whether there were significant differences 

between groups (paper I, III and IV). When comparing small groups in two by two tables, 

Fisher‘s exact test was used (paper IV). A chi-square test with three degrees of freedom was used 

to compare the injury risk during four menstrual phases (paper II and IV). A Mann Whitney test 

was used for ordinal categorical data (paper III). A Mantel-Haenszel test for cohort data with a 

person-time denominator was used to compare activity type and gender in paper II. Comparisons 

between rates were tested by a Walds test (paper IV). 

One-way analysis of variance was used to test mean differences in continuous variables between 

different treatments in paper III. 

A p-value less than 0.05 was considered as significant. 

Ethics 

All the studies included in this thesis were approved by the Data Inspectorate and the Regional 

Ethical Committee for Medical Research. The injured players gave their written consent to 

participate in the examinations in paper III and to provide medical information from hospital 

records. 
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Results and discussion 

ACL injury incidence data 

In paper I both ACL and PCL injuries were registered prospectively in the three upper divisions 

for males and females among 3392 players in the 1989-91 seasons. Ninety-three injuries were 

found, 87 in the ACL and 6 in the PCL. Among women, 1.8% of the players were injured each 

season compared to 1.0% of the men. In the elite division the risk of injury was considerably 

higher, 4.5% of the female players suffered a cruciate ligament injury. The cruciate ligament injury 

incidence was 0.97 injuries per 1000 playing hours for both sexes in the three divisions. The 

incidence is calculated based on league matches only, training matches and tournament games 

were not included. In addition, all the PCL injuries occurred in training and tournament matches, 

which mean that the total ACL injury incidence was 0.97 per 1000 playing hours. In the elite 

division the incidence was 1.62 injuries per 1000 playing hours among women and 0.54 injuries 

per 1000 hours among men. 

Since the injury incidence was highest at the elite level, we decided to follow the injury incidence 

in the elite division among men and women prospectively in the next study (Paper II). The injury 

incidence was followed for three seasons (1993-96) and a total of 28 ACL injuries were found. 

There were 23 injuries among women, resulting in an incidence (match and training) of: 0.31 

injuries per 1000 player hours. The corresponding results among men were five injuries and 0.06 

injuries per 1000 playing hours (p<0.001 vs women; risk ratio: 5.0). In match the numbers were 

1.60 injuries per 1000 playing hours among women and 0.23 injuries per 1000 playing hours 

among men (p<0.001 vs women; risk ratio: 7.0). Thus, these results confirm the gender 

difference found in the study from Strand et al (Strand et al. 1990) as well as the high incidence 

seen in paper I. The injury risk seen was comparable with incidence data from basketball and 

soccer in the US (Arendt and Dick 1995), but higher than the incidence data from soccer in 

Norway (incidence: 0.10 per 1000 playing hours among females and 0.06 among men) (Bjordal et 

al. 1997). 

In paper I, 75% of the injuries occurred in a competition, an even higher proportion was seen in 

the elite divisions in paper II: Of the 28 injuries, 24 occurred during competition (0.91 ± 0.19 

injuries per 1000 h and four during training (0.03 ± 0.02 injuries per 1000 h; p<0.001 vs. 

competition; risk ratio: 29.9).  
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Injury mechanism 

Paper I and II both shows that the ACL injury is a typical non-contact injury, 90-95% of the 

injuries occurred without contact between the player and the opponent. This has also been seen 

in other sports such as basketball and soccer (Arendt and Dick 1995; Hutchinson and Ireland 

1995). However, this information is based on the player’s recall of the injury situation. In a study 

by Olsen et al (Olsen et al. 2003a) video analyses of 20 ACL injuries showed that only one injury 

was a directly knee contact injury. This study confirms that the injuries do not result from a direct 

blow to the knee, but in six of the cases player contact was involved before the injury, but not to 

the lower extremity.  

Approximately 90% of the injuries occurred in a plant and cut movement or in a landing after a 

jump shot in both papers. 

Player position 

In paper I, II and IV the player position of the injured players has been recorded. The standard 

line-up in team handball is with three back players (43%), two wing players (29%), one line player 

(14%) and one goalie (14%). In table 1 we have summed up the players positions from the three 

studies; 112 (60%) were back players, 52 (28%) were wing players, nine (4%) were line players 

and 15 (8%) were goalkeepers. This means that the relative risk of an ACL injury appears to be 

higher among back players and lower among goalies and line players. Another trend is that it 

seems that the proportion of back players is even higher when studying the elite level only (paper 

II). One possible explanation for this tendency is that the back players have the team position 

where most plant and cut movements and jump shots are performed. 

This higher risk of having an ACL injury related to player position has also been seen in 

basketball and volleyball. Grey et al (Gray et al. 1985) reported that basketball centers suffer more 

ACL injuries than their respective teammates. A center executes more jumping and landing than 

other players on the court. Similarly has Ferretti et al (Ferretti et al. 1992) found that landing after 

a jump was the most common injury mechanism among volleyball players, and the net players 

sustained most injuries, and this increased incidence among the forward players was attributed to 

the constant jumping required of net players throughout the game (Traina and Bromberg 1997). 
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The back players in team handball perform the most plant and cut movements and probably also 

most landings after a jump shot. These two situations are the two high risk situations in the play. 

Table 1. Distribution of injuries in the different player positions. Data from paper I, II & IV 

Player position Paper I* Paper II** Paper IV*** Total n= 188 

Back player 50 (54%) 23 (82%) 39 (57%) 112 (60%) 

Wing player 28 (30%) 5 (18%) 19 (28%) 52 (28%) 

Line player 5 (5%) 0 4 (6%) 9 (4%) 

Goalkeepers 10 (11%) 0 5 (7%) 15 (8%) 

*Three top level divisions, male and female, **Elite division, male and female, ***Three top level divisions, female 

Menstrual data 

Paper II and IV include data on the player’s menstrual cycle status at the time of the injury. In 

paper II the number of observations was low (n=17), so the results should be interpreted with 

caution. In paper IV we had 46 players with a reliable menstrual history, and the same 

distribution as in paper II was seen in this study. Figure 4 shows the pooled results from the two 

papers, and the menstrual phase (day 1-7) seems to be the high risk period.  

There was a significantly higher risk of suffering an ACL injury during the menstrual phase 

(p=0.002, chi-square3 d.f ). These results are different from the study by Woitys (n= 65) (Wojtys 

et al. 1998; Wojtys et al. 2002) who found a significantly higher percentage of ACL injuries during 

midcycle (ovolatory phase) and less injuries during the luteal phase (day 15-28) of the menstrual 

cycle. They also found that oral contraceptives diminished the significant association between 

ACL tears distribution and the ovolatory phase. Wojtys group used a slightly different 

classification of the menstrual cycle than in our studies; follicular phase (day 1-9), the ovulatory 

phase (day 9-15) and luteal phase (day 15-28). One strength of their study is that they had blood 

samples from the injured players, and their classification of menstrual cycle status was based on 

hormonal measurements, not just player recall.  
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Figure 4. Distribution of the number of ACL injuries in relation to menstrual day (n=63). Menstrual data from 

study II and IV.  

The relationship between the use of oral contraceptives (OC) and ACL injuries has also been 

studied, with the hypothesis that OC should be protective for the player. Arendt concludes in a 

review that women using OC may be less susceptible to musculoskeletal injuries compared with 

non-contraceptive users (Arendt 2001). Recent data has demonstrated that the level of relaxin is 

increased with the use of OC (Wreje et al. 1995). This, and the information that administration of 

relaxin and estrogen increases knee stiffness versus estrogen alone in mice, has further 

confounded the association between these hormones and ACL injuries (Toth and Cordasco 

2001). 

In our data as many as 36 (eight in study II and 28 in study IV) of the injured players used OC, 

but we cannot assess the significance of this, since we do not know the proportion of OC users 

among the non injured players. Nevertheless, the data concerning the risk of suffering an ACL 

injury in relation to menstrual status are not yet consistent, and further studies are necessary to 

determine whether the use of oral contraceptives protects against an ACL injury or not. 

Injury consequences 

The follow-up study was performed to address the consequences of an ACL injury among team 

handball players. No other studies were available examining this aspect of the injury. Having an 
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ACL injury has not been seen as a cause to terminate the handball career and few have 

questioned if a return to high level pivoting sport is wise in relation to long term knee health. The 

high re-rupture rate, (22%), (10% BPTB, 8% primary repairs, and 4% unknown procedure), 

found in our study, was unexpected, but recently Drogset & Grøntvedt (Drogset and Grontvedt 

2002) have published an 8-year follow up of ACL reconstructed patients. They studied the long 

term outcome after ACL reconstruction (BPTB) with and without a ligament augmentation 

device. They found that 11 out of 94 (12%) patients had a rerupture of their reconstructed knee. 

All reruptures occurred in pivoting activities, in handball (three), soccer (two), unknown (two), 

activity at home (two), activity at work (one) and one as a result of postoperative infection 

(Drogset and Grontvedt 2002). Their rerupture rate with BPTB graft is similar to our results 

(10%). They also found that 15 (16%) of the patients had a rupture of their opposite ACL, but 

they do not present data on whether this was a sport specific injury or not. This rate of ruptures 

of the opposite limb was also seen in our study, six players (9%) injured their ACL, all when 

playing team handball. 

One possible explanation of the high rerupture rate and OA found in our follow-up study could 

be that the operative technique in the beginning of the 90‘s was not as good as contemporary 

surgery. Whether better results can be expected now, will not be known until new follow-up 

studies have been performed in 10-12 years. In our study, surgery had been carried out in many 

hospitals by many different surgeons and we did not know the exact operative technique. In the 

study by Drogseth & Grøntvedt (Drogset and Grontvedt 2002) all patients was operated at the 

same hospital and they used one of two operative methods (arthroscopic BPTB reconstruction 

with or without augmentation), and a notch plasty was performed on the patients. Despite this 

“controlled” situation they had at least as high a rerupture rate as we did. Since all of the ruptures 

occurred in pivoting activity (handball in three cases) one could ask if this is “the natural history” 

after an ACL reconstruction when patients are doing pivoting activities.  

Our finding of a quite high risk of OA in this study population after the initial injury is supported 

by the findings from many studies (Noyes et al. 1983), (Sherman et al. 1988), (Drogset and 

Grontvedt 2002). Drogseth & Grøntvedt (Drogset and Grontvedt 2002) found that almost half 

of the patients had developed radiological changes eight years after the ACL reconstruction, 

which is similar with our results on team handball players, whether they were operatively treated 

or not.   
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Not only are the high level of reinjuries and the high rate of OA dramatic, but so is the high 

proportion of other problems the players has reported in the follow-up study. Nearly half of the 

players reported problems with instability, pain or reduced ROM, and 25% of the players had 

work-related problems due to their knee injury.  Since a high proportion of the players returned 

to team handball (about 90% at the same or lower level in both conservative and operatively 

treated groups) one might ask if it is recommendable to continue to play team handball after an 

ACL injury. As early as in 1970 Kennedy stated that “the ACL tear is the most common cause of 

the ex-athlete” (Fowler and Snyder-Mackler 2001). However, the number of ACL injuries has 

increased since his statement, which probably was meant as a “conclusion” of the “state of the 

art” at that time, with operative techniques and rehabilitation programs that were insufficient. 

One might ask if a reasonable advice to the injured players would be to quit top level team 

handball/pivoting sports, if long-term knee health is the primary concern. Studies have shown 

that if you injure your ACL there is a 10% chance of injuring the opposite one, and those who 

have a sibling with ACL injury also have a 10% chance of sustaining the same injury compared to 

a less than 1% chance in the general population (Fowler and Snyder-Mackler 2001). 

We must be careful how we interpret the results from paper III. Perhaps today’s surgery and 

rehabilitation now is better than previously, but we do not know what the long-term results of 

contemporary surgery will be. Nevertheless, physicians and PT‘s working with this patient group 

should emphasize giving adequate information of possible consequences of a return to play so 

the players can make an informed decision with all necessary information available, including the 

caveats related to future risk of knee problems and OA.  

Prevention of ACL injuries 

Starting an ACL prevention study was a natural consequence of the information the three former 

studies provided. A high incidence among female players and quite dramatic consequences over 

time made it clear that an ACL prevention study was necessary. Methodologically we knew that if 

we were to detect a 50% reduction in the number of ACL injuries, we needed 1000 players each 

of the control and intervention groups in a randomized controlled trial. This represents twice as 

many players as what was available in the three top divisions in Norwegian team handball. A 

randomized controlled study was not possible in Norway. This was caused by the fact that the 

teams in the lower divisions play and practice too little to be included in an intervention. Another 

possibility would be to test the intervention in a Scandinavian study, but this was not possible at 
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the time for economical and practical reasons. Consequently, we choose to use one season as 

baseline and then the two following seasons for our intervention. 

The results showed a trend towards a reduction in the number of ACL injuries during the 

intervention. This was not statistically significant (p=0.15 for all divisions and p= 0.06 for the 

elite division), but we found a significant reduction in injury rate in the group of elite players who 

performed the intervention program as intended compared with those who did not.  

The number of non-contact injuries was reduced from 18 injuries in the control season to seven 

in the second intervention season (p=0.04). This is promising, since the intervention program 

was designed to prevent the non-contact injuries by improving neuromuscular control. 

The incidence was followed closely during the ACL prevention study in the 1998-2001 seasons 

(Paper III). The objective of the study was to assess the effect of a neuromuscular training 

program on the ACL incidence among female players in the three upper divisions. In Figure 3 

the ACL injury development has been illustrated from the control season (1998-99) to the second 

intervention season (2000-2001). In addition, data from a follow-up season were we did not do 

any intervention have been included to further illustrate the development (Myklebust et al. 2002). 

It shows that after a successful intervention, pressure must be kept on to keep the ACL incidence 

from rising. 

In the control season (1998-99) the incidence was 1.48 per 1000 playing hours for all three 

divisions and 2.79 in the elite level. The incidence decreased to 1.14 and 1.05 after the first 

intervention season (1999-2000) and then 1.09 and 1.31 during the second intervention season 

(2000-2001). After the prevention study was finished the teams were followed to see in what way 

the teams followed the training program and survey the injury incidence. We found an increasing 

number of ACL injuries in the follow-up season, with an incidence of 1.37 per 1000 playing 

hours for all divisions and 2.62 in the elite division. Approximately 2/3 of the teams had not 

followed the program after the intervention was finished and among the 20 ACL injured players, 

only one player used the exercise program from the intervention seasons (Myklebust et al. 2002). 
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Figure 3: ACL incidence data during the seasons 1998-2002. 

The high incidence changes we experienced during the ACL injury prevention period and the 

year after the intervention might be natural variation. However, studies from soccer and 

basketball in US have seen a slight increase in ACL incidence from the beginning of the 90‘s to 

2000 (personal communication Julie Agel dec 02, NCAA data). We do believe that a similar 

pattern could be the case in Norway. The 1998-2002 period could indicate that the prevention 

program have worked, but a continuous surveillance of the incidence is necessary to confirm this. 

Compliance 

This study clearly shows the importance of obtaining compliance data when performing an 

intervention study. Without this information we had not been able to explain the results that we 

saw among the elite players. No other ACL prevention studies have recorded compliance as a 

part of their methodology, so they cannot predict the exact effect of the training response. When 

we decided the compliance criteria we used Blumenthal et al (Blumenthal et al. 1982) 75% 

participation in practice as our criterion. The number of ACL training practices had to be at least 

15, and they had to be performed for 5-7 weeks to meet our compliance criteria. However, we 

don’t know what the minimum amount of practice is necessary to achieve an effect. We chose 

five to seven weeks, since studies have suggested that this is the minimum time needed to have 

an effect on the neuromuscular “performance” (Caraffa et al. 1996; Cerulli et al 2001; Hewett et 
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al. 1999). Also, we still don’t know if the effect could have been better with a longer and more 

intensive practice period. 

The ACL injury prevention program  

The main focus of the prevention program was to improve awareness and knee control during 

standing, cutting, jumping, and landing. The players were encouraged to be focused and 

conscious of the quality of their movements, and with emphasis given to core stability and hip 

and knee position in relation to the foot – the “knee over toe” position.  

The exercises were developed based on the exercises used by Caraffa et al (Caraffa et al. 1996) on 

different wobble boards. We included exercises on a balance mat to further challenge 

neuromuscular control, and finally floor exercises thought to be applicable to team handball. The 

focus on the knee position – “knee over toe” – was supported by data from Ebstrup and Bojsen-

Moller (Ebstrup and Bojsen-Moller 2000) and Olsen et al (Olsen et al. 2003a). Their video 

analyses of ACL injuries from team handball indicate that it could be beneficial not letting their 

knee sag medially or laterally during plant and cut movements or when suddenly changing speed. 

We also focused on two-feet landing after jump shot with the emphasis on hip and knee flexion 

based on the data of Hewett et al (Hewett et al. 1996) from volleyball. We also tried to influence 

the player’s way of performing the two feet plant and cut movement, aiming towards a narrower 

stance as well as the knee-over-toe position. We do not know whether it is possible to detect any 

change in technique in an intervention like this, and perhaps this is difficult in mature players. 

This type of program should be tested in young players, giving them neuromuscular challenges as 

a natural part of the practice and a focusing on a more “ACL friendly” technique. 

The prevention program is multi-faceted and addresses many aspects of risk for injury, aspects as 

agility, balance, proprioception, awareness of vulnerable knee positions and playing technique. By 

the time we started the intervention we did not know which part of the program that could be 

effective in preventing ACL injuries. 

However, during the first intervention season 35 female handball players from two of the elite 

division teams participated in a study investigating the physiological effects of the ACL injury 

prevention training program on balance, proprioception, muscle strength and lower limb 

function (Holm et al. 2003). The players were tested pre training, eight weeks and 12 months 

after the ACL preventive training started. The players went through the following tests; Knee 
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joint laxity by KT-1000 arthrometer, balance was tested using the KAT 2000, knee kinesthesia 

was conducted by measuring the threshold to detection of passive motion using a proprioception 

device, quadriceps and hamstrings muscle strength was tested using a isokinetic dynamometer, 

and finally three functional knee tests (the one-leg hop test, the triple jump test and the stairs 

hopple test) were used to evaluate general lower limb function. 

The main results was that there was a significant improvement in dynamic balance between test 1 

and test 2, with a balance index of 924 (±225) and 778 (±174), respectively (p=0.01). In addition, 

we found that the improvement in dynamic balance was maintained 1 year post training. We 

found no statistically significant changes for static balance. The results from this study showed a 

benefit on dynamic balance from the neuromuscular preventive training program, while there was 

no detectable effect on muscle strength or proprioception (Holm et al. 2003). One interesting 

aspect of this is that the prevention program gives measurable results on a quality that the 

program was designed to challenge, the dynamic stability. So far we do not know the possible 

effects on landing forces, knee moments, technique and other relevant neuromuscular 

parameters. These aspects need further investigation. 

Evaluation methods  

One crucial point in epidemiological studies is related to the injury registration: was it good 

enough in our studies? In all three studies (Paper I, II and IV) the teams were followed 

prospectively and we kept in close contact with team coaches and medical staff throughout the 

study periods, and they were requested to report ACL injuries as soon as they occurred. Also, all 

insurance claims were examined for additional ACL injuries. Even so, there is always a possibility 

that an injury may have been overlooked. However, an ACL injury usually causes pain, swelling 

and disability, and it is doubtful that a player may have developed an injury without the need for 

medical follow-up. In addition most of the injuries were verified arthroscopically. It is therefore 

unlikely that there were “false positive” or overlooked ACL injuries during the prospective 

studies. 

The evaluation tests used in Paper III was the most commonly used tests at the time we started 

the follow-up study. Studies have shown a weak correlation between process measures like 

radiographs or laxity tests and patient-related measures such as pain, function and activity level 

(Roos 1999). We wanted therefore to use tests that embrace several aspects of the patient’s 

possible outcome. 
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Snyder-Mackler et al (Snyder-Mackler et al. 1997) tested the anterior displacement of tibia relative 

to the femur in two groups of conservatively treated ACL patients. One of the groups had 

returned to high level sports activity, the other was not able to continue sport. There were no 

differences in anterior displacement measures between the groups. They concluded that there 

were no correlation between instability and function. This is in line with Sernert (Sernert et al. 

2001) who showed that KT 1000 measurements did not correlate with the subjective, objective 

and functional evaluation scores in a two-year post operative follow-up of ACL reconstructed 

patients. KT 1000 measures should be done by the same examiner since the reproducibility 

between two experienced examiners has been seen as fair (Sernert et al. 2001). In our study we 

used the same examiner in all the tests. 

The reproducibility (or reliability) and validity of isokinetic muscle strength measurements is 

important. Modern isokinetic equipment offers high sensitivity, so device error is not a big 

problem (Dvir 1995). If the calibration routines are closely followed, the systems are very reliable 

(Holm 1996). Dvir (Dvir 1995) have stated, in his book concerning validity, that isokinetic testing 

are valid for, among others, ACL deficiency. Several studies have shown a positive correlation 

between isolated isokinetic results and functional tests measures such as running, cutting and 

hopping (Tegner et al. 1986; Wiklander and Lysholm 1987; Barber et al. 1990; Noyes et al. 1991; 

Risberg and Ekeland 1994). Risberg et al (Risberg et al. 1993) showed a positive correlation 

between the stair hopple test, the triple jump test and the quadriceps strength measured 

isokinetically. Natri et al (Natri et al. 1996) have shown in a follow-up of ACL injured patients 

that patellofemoral pain and flexion deficits were most frequently and significantly associated 

with the strength deficits measured by isokinetic testing. Both the isokinetic and functional tests 

were performed by an experienced PT. 

Several functional tests are described in the literature to measure lower limb performance 

(Greenberger and Paterno 1995; Noyes et al. 1991; Wilk et al. 1994). Risberg et al (Risberg and 

Ekeland 1994; Risberg et al. 1999c) found that the one leg hop, the triple jump and the stairs 

hopple tests are sensitive in detecting changes over time in the late rehabilitation phase, and to 

detect knee instability. All of these tests are one-leg tests that make us capable to detect 

differences between injured and uninjured leg. Bolgla (Bolgla and Keskula 1997) tested the 

reliability of single hop, triple hop and 6m timed hop test. He concluded that clinicians could use 

functional performance testing to obtain reliable measures of lower extremity performance when 

using a standardized protocol. In paper III we used the same tests as Risberg et al (Risberg and 

Ekeland 1994; Risberg et al. 1999c).  
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The Lysholm score is probably the most commonly used score for evaluating knee injuries. The 

Lysholm score reliability and validity has been tested and found excellent (Marx et al 2001), but it 

is found to be less sensitive for ACL patients compared with patients with patellofemoral pain 

syndrome or lateral ankle sprains (Bengtsson et al. 1996). 

The IKDC evaluating form has been found to have low sensitivity to clinical changes over time, 

but have satisfactory results concerning criterion validity. The graded IKDC seems to have a 

satisfactory relationship to other commonly used outcome measurements, so IKDC is a good 

tool for testing at one follow-up (Risberg et al. 1999b; Irrgang et al. 1998).  

We also need tools to evaluate the patient’s ability to return to high level sports or leisure 

activities, tools that capture the many qualities needed for many sports activities. Until now we 

have had to use a combination of tests and measurements to achieve a reliable assessment of 

patient function, especially in relation to the ability to return to high demanding pivoting sports. 
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Conclusions 

1. The ACL injury incidence in team handball is high, up to 1.60 ACL injuries per 1000 playing 

hours among women and 0.23 among men.  

2. The incidence of ACL injuries is five-fold higher among elite female players compared to men, 

while at the lower levels the risk for female players is twice as high as for the males. The risk 

of getting an ACL injury is 30-fold higher during competition than during training. Most of 

the injuries occur in a non contact situation when the players performs a plant and cut 

movement in the attacking part of the play. Many of the injuries among women occur the 

week prior to or after the onset of menses.  

3. The return rate to sport at pre-injury level was high in both the operated group (59%) and the 

conservatively treated group (82%). The re-injury rate was high, 22% of the players sustained a 

new ACL injury. About half of the players in both groups complained of pain, instability or 

reduced range of motion 6-11 years after their ACL injury, and nearly half of the players had 

radiological signs of osteoarthritis.  

4. There was a reduction of the incidence of ACL injuries from the control season to the second 

intervention season among the elite players who completed the training program. The 

neuromuscular training program seems to work, provided a minimum of 15 practices in the 

intense training period and once a week until the season is completed. 
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Future studies 

Several questions have arisen through the study period and should lead to new studies: 

• Epidemiological studies should continuously be done to monitor the trend in ACL 

injuries among men and women, but also include younger players 

• The consequences of injury should be further studied in follow-up studies, with particular 

attention given to the effects of return to play on future risk of OA and knee function 

• Biomechanical studies of the plant and cut movement should be done to examine if there 

are differences between male and females in the way they perform the movement 

• Studies to determine the individual effect of each component of the neuromuscular 

training program used in study IV  
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