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ABSTRACT 

The overall purpose of this Thesis was to improve treatment and 

rehabilitation after anterior cruciate ligament (ACL) reconstruction with 

bone-patellar tendon-bone graft.  

Study I: The purpose of this study was to evaluate and compare closed 

kinetic chain (CKC) training and a combination of closed and open kinetic 

chain (OKC) quadriceps exercises following ACL reconstruction on anterior 

knee laxity and isokinetic muscle torque. Another purpose was to determine 

whether this leads to improved knee function and improves the ability to 

return to sporting activities. Forty-four patients, aged 18-40 years, were 

randomized and matched into two intervention groups, each comprising  

22 patients. Combined OKC and CKC rehabilitation protocol was superior to 

CKC alone by resulting in significantly better quadriceps torque (Kin-Com® 

dynamometer) and a two months earlier return to pre-injury level of sports 

without compromising knee joint stability (KT-1000). 

Study II: The purpose of this study was to evaluate if a normal knee, 

bandaged as after an ACL reconstruction and placed in a straight post-

operative brace lies in full knee extension (0°). Another purpose was to 

evaluate if a post-operative brace in slight hyperextension could prevent 

extension deficit after an ACL reconstruction. Five healthy subjects with 

known hyperextension of their knees underwent an X-ray examination.  

This showed that the brace had to be set in -10° to get all their knees in 

hyperextension. Forty-four patients were then randomised into two groups, 

either using a brace in 0° or -5° during three weeks postoperatively. At 

three months follow-up there were no group differences in anterior knee 

laxity (KT-1000). A brace set at -5° led to significantly less extension deficit 

than a brace set at 0° when measured with a goniometer with long lever 

arms. 
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Study III: The first purpose of this study was to evaluate the frequency of 

anterior knee pain (AKP) before and after ACL reconstruction using either 

the central or the medial third of the patellar tendon as a graft. The second 

purpose was to study whether there was a gender difference in the amount 

of AKP. The third purpose was to study possible correlations between AKP 

and quadriceps weakness. AKP was evaluated before and after ACL 

reconstruction with a functional knee score tested for reliability, r=0.96. 

Thirty out of 35 patients reported less AKP on an average 8.4±2.6 months 

after ACL reconstruction compared to before. In terms of AKP there was no 

significant difference between the use of the central or the medial patellar 

tendon graft, and no significant difference between genders. There was no 

correlation between AKP and quadriceps torque (Kin-Com® dynamometer). 

Study IV: The purpose of this follow-up investigation was to study possible 

relations between anterior knee laxity, knee function, personality and return 

to sports after bone-patellar tendon-bone ACL reconstruction. Another 

purpose was to check whether difference in knee laxity could distinguish 

patients that were able to return to pre-injury activity level after ACL 

reconstruction from those that did not. Forty-nine physically active patients 

were seen at a 7.2 year follow-up. One third of the patients returned to pre-

injury level of sports. These patients had a significantly better functional 

outcome (KOOS) and a significantly lower degree of Somatic Trait Anxiety, 

Physical Trait Anxiety and Stress Susceptibility (SSP). There were no 

significant group differences regarding anterior knee laxity (KT-1000).  

This study shows that some personality characteristics rather than 

instrumented knee laxity tests may predict the outcome of ACL 

reconstruction with respect to return to sports at pre-injury level. 

Keywords: ACL injury, ACL reconstruction, ACL rehabilitation, Anterior knee laxity, 
Closed kinetic chain, Extension deficit, Functional outcome score, Gender, 
Hyperextension brace, Isokinetic open kinetic chain, KOOS, KT-1000 arthrometer, 
Patello femoral pain, Personality characteristics, Physical activity, Quadriceps 
torque, Range of motion.  
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SWEDISH SUMMARY – SVENSK SAMMANFATTNING 

Målsättningen med denna avhandling var att försöka förbättra behandling och 

rehabilitering efter främre korsbandsrekonstruktion med patellarsenegraft. 

Studie I: Syftet med denna studie var att utvärdera och jämföra ett ”closed 

kinetic chain” (CKC) träningsprogram med samma CKC träningsprogram 

kombinerat med ”open kinetic chain” (OKC) quadricepsträning efter främre 

korsbandsrekonstruktion med hänseende till knälaxitet och lårmuskelstyrka. 

Syftet var också att utvärdera om dessa träningsprogram påverkar 

knäfunktion och återgång till samma idrott och nivå som innan skadan. 

Fyrtio-fyra patienter, 22 i varje grupp, randomiserades och matchades till 

två interventionsgrupper. Kombinationen OKC+CKC resulterade i signifikant 

bättre quadricepsstyrka (Kin-Com® dynamometer) samt återgång två 

månader tidigare till samma idrott och nivå som innan skadan utan att 

äventyra knästabiliteten (KT-1000). 

Studie II: Syftet med denna studie var att utvärdera om normala knän, 

bandagerade som efter en främre korsbandsrekonstruktion placerade i  

en rak ortos, låg i full extension. Syftet var också att utvärdera om en 

postoperativ hyperextensionsortos kunde förhindra extensionsdefekt  

efter främre korsbandsrekonstruktion. Fem friska försökspersoner med 

hyperextension bilateralt genomgick röntgen som visade att det krävdes  

att ortosen var i -10° för att samtliga 10 knän skulle uppnå hyperextension. 

Fyrtio-fyra patienter randomiserades till behandling med ortos antingen i  

0° eller -5° under tre veckor direkt efter främre korsbandsrekonstruktion. 

Vid 3 månaders uppföljning påvisades ingen signifikant skillnad i knälaxitet 

(KT-1000) mellan grupperna. Ortos med -5° ledde till signifikant mindre 

extensionsdefekt jämfört med ortos i 0°, mätt med goniometer med långa 

skänklar. 
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Studie III: Syftet med denna studie var att utvärdera frekvensen av främre 

knäsmärta före och efter främre korsbandsrekonstruktion med centrala eller 

mediala tredjedelen av patellarsenan som graft. Dessutom var syftet att 

jämföra graden av främre knäsmärta mellan könen samt studera om det 

fanns något samband mellan främre knäsmärta och svaghet i quadriceps. 

Främre knäsmärta utvärderades före och efter främre korsbands-

rekonstruktion med ett funktionellt knäscore testat för reliabilitet, r=0.96. 

Trettio av 35 patienter rapporterade mindre främre knäsmärta i genomsnitt 

8.4±2.6 månader efter operation jämfört med före. Vad gäller främre 

knäsmärta påvisades ingen skillnad mellan centrala och mediala delen av 

patellarsenan samt ingen skillnad mellan könen. Ej heller påvisades något 

samband mellan främre knäsmärta och quadricepsstyrka (Kin-Com® 

dynamometer).  

Studie IV: Syftet med denna studie var att undersöka om samband förelåg 

mellan knälaxitet, knäfunktion, personlighet och återgång till idrott efter 

främre korsbandsrekonstruktion. Ett annat syfte var att utvärdera om 

knästabilitet kunde särskilja patienter som återgick till samma idrott och nivå 

som innan skadan efter främre korsbandsrekonstruktion och dem som ej 

återgick. Fyrtio-nio fysiskt aktiva patienter följdes upp i genomsnitt 7.2 år 

efter operation. En tredjedel av patienterna återgick till samma idrott och 

nivå som innan skadan. Dessa patienter rapporterade signifikant bättre 

funktion mätt med KOOS samt lägre grad av somatisk ångestbenägenhet, 

psykisk ångestbenägenhet och stresskänslighet mätt med SSP. Ingen 

signifikant skillnad i knälaxitet förelåg mellan grupperna. Denna studie 

antyder att vissa personlighetskaraktäristika snarare än instrumenterad 

knälaxitet efter främre korsbandsrekonstruktion eventuellt kan förutsäga 

återgång till samma idrott och nivå som innan skadan.  
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LIST OF DEFINITIONS 

Anterior knee laxity  

The physiological translation between femur and tibia during a passive 

motion where tibia is displaced in anterior direction in relation to femur. 

Anterior knee pain after ACL reconstruction 

A syndrome based on unspecific knee pain that aggravates during knee 

loading conditions, in particular during eccentric phases of the quadriceps 

muscle.   

Open kinetic chain

The terminal link of the chain is freely movable. Non weight bearing 

movement or exercise that involves muscles working across single joints. 

Closed kinetic chain

The terminal link is constrained due to a fixed position. Weight bearing 

movement or exercise that involves muscles working across multiple joints. 
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INTRODUCTION 

Anterior cruciate ligament injuries 

Anterior cruciate ligament (ACL) injury is a serious traumatic injury 

especially among physically active individuals. In Sweden it is the sports 

injury that leads to the greatest number of permanent sport disability.  

Roos et al (1995a) studied ACL injured male soccer players three and  

seven years after their injury and found 30% and 20%, respectively to  

be active in soccer compared with 80% and 50%, respectively in the 

uninjured population. Söderman et al (2002) studied ACL injured female 

soccer players two to seven years after their injury and found that 78%  

had stopped playing soccer. Symptoms from their ACL injured knee were 

reported to be the most common reason for this.  

ACL injury is also the sports injury that costs an insurance company and 

society the most money (Folksam insurance company 1994). The frequency 

of ACL injuries varies in different sports. It is particularly common in so 

called pivoting sports like soccer, team handball, floor ball and basketball, 

where athletes run and suddenly change direction. Females are more 

accidentprone than males by demonstrating a higher incidence of ACL 

injuries when participating in the same sports (Huston et al 2000). It has 

been reported that ACL injuries occur between two and eight times more 

often in females than in males. (Lindenfeld et al 1994; Hutchinson and 

Ireland 1995; Bjordal et al 1997; Myklebust et al 1997; Huston et al 2000; 

Powell and Barber-Foss 2000). Team handball, especially in female athletes, 

seems to have one of the highest incidences (Myklebust et al 1997). ACL 

injuries also occur at a younger age in females than in males (Roos et al 

1995a). Söderman et al (2002) reported that 38% out of 398 young (  19 

years) female soccer players had sustained their ACL injuries before the age 

of 16 years.  
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An ACL injury is a severe injury which seems to influence normal age-related 

progression of joint cartilage changes. Osteoarthritis may be a possible 

consequence after an ACL injury irrespective of operative or non-operative 

treatment. Scientific reports maintain that a variety of 44% and 90% of ACL 

injured patients showed radiographic signs of osteoarthritis 10-15 years 

after the injury occurred, which is 20-30 years earlier than primary 

osteoarthritis (Noyes et al 1983; Sherman et al 1988; Roos et al 1995b; 

Gillquist and Messner 1999). Gillquist and Messner (1999) further claim  

that a high frequency of radiological changes is the rule rather than the 

exception after ACL injuries. 

Anterior cruciate ligament reconstruction 

In the majority of physically active ACL injured patients ACL reconstruction 

is regarded the treatment of choice. The goals of ACL reconstruction are to 

regain mechanical knee stability, improve knee function thereby allowing  

the athlete to return to pivoting sport activities. Currently there are a variety 

of surgical procedures using different grafts for ACL reconstruction. Patellar 

tendon and hamstring tendon grafts seem to be the most popular ones. 

Bone-patellar tendon-bone ACL reconstruction has earlier been coined  

“the gold standard” although the hamstring tendon graft nowadays seems 

to be used more often than the patellar tendon graft in Sweden. In our 

neighbour country Norway, however, the bone-patellar tendon-bone graft  

is more common than the hamstring graft (ACL-register of Norway and 

Sweden).   

Figure 1. ACL reconstruction 
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Rehabilitation after ACL reconstruction 

Postoperative rehabilitation plays a major role for the clinical outcome 

following ACL reconstruction. The rehabilitation protocols have changed 

considerably over time. In the past the knee was immobilized during  

6-9 weeks and a one year period of rehabilitation was considered normal. 

The rehabilitation period has gradually decreased and today the majority  

of the patients in Sweden are rehabilitated during a period of six to eight 

months. Furthermore, the rehabilitation has become more “aggressive” 

meaning a more intensive rehabilitation protocol with a greater variety of 

exercises including sport specific training. However, there is no consensus 

regarding the optimal rehabilitation program except for early motion, which 

was pointed out already 30 years ago by Eriksson (1976) and has since 

been confirmed by Noyes et al (1987). The main goal of rehabilitation after  

ACL reconstruction is to restore normal joint motion, regain thigh muscle 

strength and lower extremity performance reaching pre-injury level without 

producing excessive strain on the graft during healing. When performing  

a rehabilitation program following ACL reconstruction one therefore has to 

take the healing progress of the graft into consideration. However, scientific 

evidence is still lacking in terms of how much load a healing graft can 

sustain without stretching or disrupting. Another goal of significance of the 

rehabilitation is to decrease the risk for re-injuries. A rehabilitation protocol 

including exercises to regain normal range of motion, thigh muscle strength, 

neuromuscular control and proprioception are therefore important factors 

for a good clinical outcome. 

An ACL injury and reconstruction results in thigh muscle weakness, 

especially of the quadriceps muscle (Arangio et al 1997; Risberg et al 1999; 

Hiemestra et al 2000; Urbach et al 2001; Andersson et al 2002). 

Furthermore, the quadriceps muscle is an important stabilizer of the knee 

joint (Bodor 2001). Regained quadriceps strength is therefore regarded as 

paramount for successful ACL rehabilitation (Bodor 2001).  
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Several years ago it was suggested that ACL reconstructed patients should 

be treated with closed kinetic chain exercises rather than open kinetic chain 

exercises for strengthening the quadriceps muscle (Shelbourne and Nitz 

1992; Shelbourne et al 1992; Pässler and Shelbourne 1995). Their reason 

for this was to protect the ACL graft from detrimental strain. The closed 

kinetic chain protocol became a standard means for many years when 

treating patients after ACL reconstruction. However, Beynnon et al (1997) 

reported only minor differences in ACL strain values between closed kinetic 

chain and open kinetic chain exercises. The need for a combined closed 

kinetic chain and open kinetic chain protocol in order to regain a good 

quadriceps strength has also been reported recently (e.g. Wilk et al 1997; 

Mikkelsen et al 2000; Perry et al 2000). 

Several randomized prospective studies (e.g. Kartus et al 1997; Risberg et al 

1999; Möller et al 2001) have shown that bracing in the early postoperative 

phase after ACL reconstruction is not needed. These investigations did not 

show any significant differences with regards to range of motion, knee joint 

laxity, muscle strength and knee function. However, from a subjective point 

of view Risberg et al (1999) found significantly improved knee function in 

those patients that wore knee braces for 12 weeks measured with the 

Cincinnati Knee Score (Barber-Westin et al 1999) three months after ACL 

surgery. None of the above mentioned studies took hyperextension into 

account, though. In several sports and in ballet dancing, for instance, 

hyperextension is needed for normal performance. Many authors have 

reported problems of regaining full knee extension (e.g. Petsche and 

Hutchinson 1999). Almost no one reports regaining the original 

hyperextension if this exists in the patient’s contralateral knee. Most 

uninjured knees will hyperextend past 0° and it is from this hyperextended 

position that lack of extension should be measured (Shelbourne and Patel 

1999). 



 14

Return to sport 

The majority of athletes wish to return to sport at pre-injury level as soon as 

possible after ACL reconstruction. This means that the optimal goal of 

surgery is to regain a stable knee and for physical therapy to regain full 

range of motion, good thigh muscle strength, balance and coordination.  

The surgical management of ACL injuries as well as the rehabilitation 

following ACL reconstruction is continuously under evolution. In the past 

return to sports one year after ACL reconstruction and rehabilitation was 

considered the norm. Today most ACL reconstructed athletes return to 

sporting activities between 6 and 8 months, some even earlier.  

“Aggressive” rehabilitation after ACL reconstruction has won popularity 

among physical therapists and other clinicians worldwide believing that  

this will shorten the time for returning to sport. There might, however,  

be a number of reasons of concern about the “aggressive” rehabilitation 

protocol and early return to sport, especially in terms of graft healing and 

insufficiency to restore thigh muscle strength. Evidence based studies in 

humans concerning graft healing after ACL reconstruction are lacking. 

Hitherto, there is only one study in humans (Beynnon et al 1997) revealing 

that the bone-patellar tendon-bone graft may be similar to the ACL of  

the healthy contralateral knee 8 months after ACL reconstruction. More 

investigations are needed to construct the optimal rehabilitation protocol 

that includes exercises with a safe load of the healing graft after ACL 

reconstruction. In general, thigh muscle strength of 85% or 90% of the 

contralateral healthy side is recommended as a criterion for return to 

sporting activities after ACL reconstruction.  

Anterior Knee Pain 

Anterior knee pain is one of the most common knee disorders in physically 

active individuals (Dehaven et al 1979; Fairbank et al 1984; Percy and 

Strother 1985). Anterior knee pain is a diagnosis based on symptoms and 

clinical signs (Dehaven et al 1979). Publications vary with their own 
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particular definitions which, however, make comparisons and conclusions 

difficult. 

Anterior knee pain after ACL reconstruction has been documented as a 

frequent complaint by many investigators. It is reported to occur in between 

20% and 40% (Bach et al 1994; Aglietti et al 1992) and is suggested to  

be a main postoperative complication after ACL reconstruction using the 

patellar tendon (Rosenberg et al 1992; Breitfuss et al 1996; Shelbourne and 

Trumper 1997; Kartus et al 1999; Eriksson et al 2001; Kartus et al 2001; 

Laxdal et al 2005; Laxdal et al 2005). However, there are only a few 

prospective randomized trials that can confirm this assumption. Ejerhed  

et al (2003), Laxdal et al (2005) and Svensson et al (2006) have measured 

anterior knee pain with the so called “knee-walking test” (Kartus et al 1997). 

Prevention of anterior knee pain following ACL reconstruction has therefore 

been suggested as an essential key to success (Shelbourne et al 2006).  

It seems, however, important to differentiate this knee pain into two 

categories. A knee that functions well until an injury occurs and thereby 

causes a change can easily be understood by the patient as being a knee 

disorder as opposed to a knee that gradually becomes painful from overuse. 

Both these entities can develop after ACL reconstruction (Shelbourne et al 

2006). However, Shelbourne et al (2006) also suggest that the harvesting  

of the tendon itself is probably not the cause of anterior knee pain after  

ACL reconstruction. By far the most important issue for developing anterior 

knee pain after ACL reconstruction is lack of regaining full knee extension  

or hyperextension (Sachs et al 1989; Shelbourne and Johnson 1994; 

Shelbourne et al 1995; Shelbourne and Trumper 1997).  

Knee scores are often used to evaluate anterior knee pain. These are built 

on the patient’s own subjective evaluation of his or her knee function. Each 

functional score should be tested for reproducibility meaning that the score 

is reliable for repeated measurements under the same standardized 

conditions. A knee score for functional evaluation of patients with anterior 
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knee pain should consist of different categories of symptoms that are 

common in these patients.  

Personality 

The relationship between personality and pain has been the subject of 

numerous investigations (e.g. Craig 1984; Weisenberg 1984; Carlsson et al 

1993). Disadvantages of many of this type of studies are some 

methodological limitations that make it difficult to draw any firm conclusions. 

Most investigations have a retrospective design which makes it difficult to 

distinguish between personality factors that have occurred before pain 

developed and those which are consequences of the suffering. Personality 

data have in the majority of the studies been collected by self-administered 

questionnaires (Ellertsen 1992; Gustavsson et al 2000). Personality 

characteristics may influence psychological aspects of being injured and 

thereby be of significant importance in rehabilitation. In a retrospective 

investigation Kvist et al (2005) reported that 53% of patients that were  

ACL reconstructed 3-4 years earlier had returned to pre-injury level of 

sports, while 24% did not due to fear of re-injury. In light of this finding  

it seems necessary to put greater focus on each individual with respect  

to personality and psychological factors when planning a rehabilitation 

program. A screening test based on personality characteristics might be  

a good instrument in order to develop a tailored rehabilitation protocol  

that leads to the best possible functional outcome. 
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AIMS OF THE THESIS 

Study I
To evaluate the effect of closed kinetic chain alone and closed kinetic 
chain combined with an addition of open kinetic chain quadriceps 
training on anterior knee laxity and isokinetic muscle torques. 
To evaluate the effect of a combination of closed and open kinetic 
chain quadriceps training on knee function and ability to return        
to sport. 

Study II 
To evaluate if a normal knee, bandaged as after an anterior cruciate 
ligament reconstruction and placed in a post-operative brace lies in              
full knee extension (0°). 
To evaluate if a post-operative brace in slight hyperextension 
prevents extension deficit after an anterior cruciate ligament 
reconstruction. 

Study III 
To evaluate the frequency of anterior knee pain before and after 
anterior cruciate ligament reconstruction and to compare the use     
of central and medial patellar tendon grafts, respectively. 
To evaluate possible gender differences in the amount of anterior 
knee pain both before and after anterior cruciate ligament 
reconstruction. 
To evaluate the existence of possible correlations between anterior 
knee pain and quadriceps weakness. 

Study IV 
To evaluate whether anterior knee laxity as measured with KT-1000 
is able to distinguish a group of patients that had returned to pre-
injury activity level after ACL reconstruction from another group    
that did not. 
To evaluate possible relations between anterior knee laxity, knee 
function, personality, respectively and return to sports after anterior 
cruciate ligament reconstruction. 
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MATERIALS AND METHODS 

Patients 

Study I 

Forty-four males and females aged 18-40 years with a first time unilateral 

ACL injury and a uninjured contralateral knee participated in the study.  

All patients except one female were athletes in various sports such as  

soccer (n=22), floor ball (n=4), team handball (n=2), basketball (n=2), 

volleyball (n=1), bandy on ice (n=2), alpine skiing (n=3), gymnastics (n=3), 

karate (n=1), thai boxing (n=1) and motor cross (n=2).  

All underwent ACL reconstruction using a bone-patellar tendon-bone graft 

and were operated on by a standardized arthroscopy-assisted technique 

using the central one-third of the patellar tendon. 

The patients were randomised into two groups, each with 22 patients.  

Group 1 consisted 17 males aged 19-40 years (25.7 4.8) and            

5 females aged 17-22 years (19.4 2.5). This group trained only    

with closed kinetic chain exercises. 

Group 2 consisted 17 males aged 18-39 years (25.4 5.4) and           

5 females aged 18-21 years (19.0 1.4). This group followed the 

same closed kinetic chain protocol. From week 6 after surgery an 

addition of open kinetic chain quadriceps exercises was added. 

Each patient was matched to another patient regarding age, gender          

as well as type and level of physical activity/sports. 

Study II 

Five healthy female subjects with known hyperextension of their knees  

were investigated with X-ray of both knees. These were bandaged as after 

an ACL reconstruction. A brace (Firma Albrecht GmbH, Stephanskirchen, 

Germany) set at 0 , -5  and at -10  of knee extension was applied on their 

knees (Figure 1). 
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Fifty-four patients, in Perugia, Italy, scheduled for arthroscopic ACL 

reconstruction with a bone-patellar tendon-bone graft were randomized  

to either use of a straight post-operative brace or one set at -5° of knee 

extension.  

Group 1, straight brace group (n=22) included 21 males             

aged 17-49 years, and 1 female aged 41 years. 

Group 2, hyperextension brace group (n=22) included 19 males  

aged 16-39 years, and 3 females aged 24-40 years. 

Figure 1.  The Hypex® brace (Firma Albrecht GmbH, Stephanskirchen, 
Germany) used in both groups. 

Ten patients (five from each group) did not return at the three months 

follow-up and were regarded as drop-outs. Twenty-six patients were soccer 

players, 13 from each group, and seven were alpine skiers and the rest 

were physically active in sports such as basketball, team handball, tennis 

and beach volleyball. 

Study III 

Thirty-five patients scheduled for ACL reconstruction at the Karolinska 

Hospital, 20 males with a mean age of 23.8 2.9 years and 15 females  

with a mean age of 22.7 4.6 years were studied. There were no gender 

differences concerning the time preceding the ACL reconstruction from     

the time of injury. The surgery was performed on an average 18.0±24.2 
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months for males and 11.8±12.4 months for females from the time of 

injury. 

ACL injured side and graft selection are presented in Table 1. 

Table 1. Side of the ACL injury and part of the patellar tendon used       
for ACL reconstruction, the central or the medial third. n=35 

 Left knee Right knee Central third Medial third 

Males 5 15 12 8 

Females 5 10 13 2 

Study IV 

One hundred and sixty-nine patients were recruited among those that had 

undergone an ACL reconstruction with bone-patellar tendon-bone graft at 

the Karolinska Hospital in Stockholm between January the 1st in 1993 and 

December the 31st in 1996. We included those that at the time of surgery 

were below 30 years of age, had been measured with KT-1000 by the same 

examiner when the rehabilitation period after the ACL reconstruction was 

completed, were physically active before the ACL injury occurred and were 

living in Stockholm and its surroundings at the time of the follow-up 

(n=100). A written inquiry about participation was sent out to those  

100 patients. Forty-nine patients made a visit for a follow-up examination. 

The way of recruiting patients to this investigation is presented in Figure 2. 
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Figure 2.  Recruitment of the studied patients. n=49 

Methods 

Bone-patellar tendon-bone ACL reconstruction 

In study I and IV the surgical procedure was performed as an arthroscopic 

one-incision technique (Reat and Lintner 1997) by three experienced ACL 

surgeons. No acute ACL injuries were included. For all patients, a bone-

patellar tendon-bone graft and interference screw fixation were used. 

In study II the two-incision technique (Reat and Lintner 1997) was used  

by two experienced ACL surgeons in Perugia, Italy. In previous studies,  

no significant differences have been found between these two techniques  

in terms of post-operative results (Harner et al 1994; Gerich et al 1997; 

Brandsson et al 1999; Karlsson et al 1999).  

100 met the  
inclusion criteria 

64 did not 
answer 

12 did not want
to participate 

20 accepted  
to participate 

53 were scheduled
for examination 

36 answered 

33 accepted  
 to participate

3 were not able 
to participate 

4 did not show up 
at the scheduled 

visit 

32 did not answer

49 were studied
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In study III the surgical technique was performed by two experienced  

ACL surgeons as a mini-arthrotomy (Shelbourne et al 1993) using the 

central part of the patellar tendon in 25/35 patients and the medial part  

of the patellar tendon in 10/35 patients. 

Rehabilitation protocol 

The rehabilitation protocol used in Study I after ACL reconstruction is 

presented in Table 2. 

Table 2.  Our standard rehabilitation protocol for both groups after  
 ACL reconstruction (Study I). 

Time Exercises

0-2 weeks Passive knee extension exercises 

Active knee flexion exercises 

Electrical muscle stimulation  

(if unable to contract quadriceps and/or hamstrings) 

2-6 weeks, add: Patellar mobilization (if needed)

Gait training 

Closed kinetic chain exercises  

(quadriceps and hamstrings) 

Hamstring training (gradually isokinetically)

Proprioceptive and balance training 

Stationary biking (when 110° of knee flexion)

6-12 weeks, add: Functional exercises  

(stair walking, skip the rope, “skating” on a slide board)

3-4 months, add: Jogging straight ahead on an even surface 

4-6 months, add: Jogging and running on an uneven surface 

Jogging with turns 90°, 180°, 360° 

Cutting with 45° changes of direction 

Acceleration and deceleration running 

Sport-specific exercises 
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Figure 3. OKC exercise     Figure 4. CKC exercise 

Radiological examination 

For evaluating possible hyperextension of the knee joint long lateral X-rays 

of both knees were obtained. In five volunteers with known hyperextension 

both knees were first bandaged by an experienced operating room nurse 

exactly like after an ACL reconstruction. The X-rays were then read by two 

independent experienced radiologists. Their inter-examiner accuracy was 

found to be 94% (n=10). 

KT-1000 measurements 

The examination was standardized by using the same bench, the same 

arthrometer and all tests were done by the same examiner. The test  

was performed in 30° knee flexion with the patient in supine position  

with a foot support to constrain external tibial rotation equally on both  

sides. The joint line was marked, the arms were placed along the sides  

of the body and the patients were instructed to totally relax their muscles. 

The contralateral leg was tested first and followed by the ACL injured leg. 

Prior to each measurement the KT-1000 was calibrated. The measurements 

were performed three times on each leg. If the values of the same leg were 

within 0.5 mm from each other the measurement was accepted and the 

mean value was recorded. A side-to-side difference of 3 mm was defined 
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as a mechanical laxity (Daniel et al 1982; Malcolm et al 1985; Steiner et al 

1990; Rangger et al 1993; Strand et al 1995).  

The KT-1000 measurement in study I was performed before the isokinetic 

test. In study I the value of manual max test was used for statistical analysis 

(Anderson et al 1992). In study IV the values of 20 lb (89N) and manual 

max were recorded, the 20 lb value was used for statistical analysis.  

Intra reliability test of the KT-1000 measurements 

The intra reliability analysis of the KT-1000 examination (Figure 5)  

was performed as described above on non injured subjects. The tests  

were performed at three different times within one week. The reliability 

showed the following: right leg r=0.949; left leg r=0.984. 

Figure 5.  KT-1000 arthrometer (MEDmetric® Corp., San Diego, CA, USA). 

Isokinetic measurements 

A Kin-Com® dynamometer (Chattecx, Chattanooga, TN, USA) was used for 

measuring quadriceps and hamstring torques within the range of 10°-90° 

knee flexion. Both concentric and eccentric actions were measured at 

angular velocities of 30°/s, 120°/s and 240°/s. Prior to the test the patient 

sat on a stationary bicycle performing a five minute warm-up at a resistance 

of 100 Watts. The Kin-Com® measuring axis was aligned with the knee 

joint axis. The patient sat with the thigh supported, 90° hip flexion, a 

support for the low back, a fixation girdle around the pelvis and the arms 

folded. The resistance pad was placed just above the lateral malleolus. 
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Determinations at each velocity were obtained while superimposing the last 

record on the preceding ones. The highest observed amplitude was 

accepted in order to exclude measurements at submaximal effort. Torque 

values were corrected for gravitational force (Gransberg et al 1983). For 

comparisons of voluntary strength the average torque within a movement 

range of 20°-80° of knee flexion from at least three trials was used. 

In study I the group that trained with an addition of open kinetic chain 

quadriceps exercises followed a specific protocol (Table 3). 

Table 3.  Our isokinetic open kinetic chain quadriceps training protocol  
 that was added from week 6 in group CKC+OKC after  
 ACL reconstruction. 

Week ROM  
(°)

Angular velocity 
(°/s) 

 Reps 
(n) 

  Concentric Eccentric  
6 90-40 120 30 50 
7 90-40 120 30 80 
8 90-30 120 30 60 
  90 90 60 
9 90-30 120 30 90 
  90 90 80 

10 90-20 120 30 70 
  90 90 70 
  30 120 70 

11 90-20 120 30 80 
  90 90 80 
  30 120 90 

12 90-10 120 30 80 
  90 90 70 
  30 120 80 
  240 240 70 
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                             Figure 6.  Isokinetic measurement. 

Range of motion  

Measurement of knee extension and knee flexion is a key element in  

clinical assessment of knee function. A goniometer with long lever arms 

(Jagodzinski et al 2000) was used to evaluate range of motion of the knee 

joint (Study II). These measurements were performed by the same 

examiner and with the patient in a supine position. This long lever arm 

goniometer was chosen in order to reduce the amount of error of 

measurements. 

Visual analogue scale  

The visual analogue scale was used in Study II for pain rating (Collins et al 

1997). Pain evaluates both sensory and emotional dimensions. This means 

that pain ratings are unique in each individual. Postoperative pain was 

measured the day after surgery in order to compare a group of ACL 

reconstructed patients using a straight brace with the group using a brace 

set in hyperextension, -5°.     
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Functional knee score for anterior knee pain 

The Werner functional knee score for AKP was used (Werner et al 1993) 

before and on average 8.4 2.6 months after ACL reconstruction (Study III).    

This score is a modification of the Lysholm Knee Scoring Scale, which 

originally was designed to evaluate as well patients with ACL injury, 

meniscus lesion as those with chondromalacia patellae (Lysholm and 

Gillquist 1982). The knee score consists of difference categories that test 

common AKP and those of ACL injuries. It compromises 0-50 points and  

is provided with the following determinations in terms of AKP: 47 points 

=excellent, 42-46 points=good, 33-41 points=fair, and 32 points=poor

result. In order not to misunderstand any question of the score the patients 

answered each question supervised by one and the same examiner as well 

before as after the surgical procedure. 

In order to check the reliability of the score 30 patients with AKP alone 

answered the score twice within 1-2 weeks interval. They answered the 

score at the same time of the day at both test occasions. Between the 

testing times they were encouraged to “live as usually” without changing 

their ordinary habits. The score showed a reliability of r=0.96 (p<0.0001) 

according to the Kendall correlation test. 

Tegner activity scale 

In Study IV the Tegner activity scale (Tegner et al 1985) was used in a 

somewhat modified version due to a number of new sports such as floor 

ball, rugby and snowboard that have become popular after the scale was 

published in 1985. The activity level was reported before the ACL injury  

as well as the time of follow-up examination. The scale is graded between 

0-10, where grades 0-4 cover activities of daily living and work and, at 

grades 5-10, the patients are able to participate in recreational or 

competitive sports. 
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Physical activity form 

A questionnaire about physical activity was sent out to both groups on an 

average 31 months postoperatively. This physical activity form included the 

following questions: 

1. Were you active in any sport before your ACL injury? 

2. Are you active in any sport or physical activity today? 

3. How do you judge your operated knee today? 

   Very good?, Good?, Less good?, Poor? 

4. How satisfied are you with your operated knee today?  

   Very satisfied?, Satisfied?, Less satisfied?, Not satisfied at all? 

5. If you injured your ACL today, would you then want to be operated? 

6. Do you have any injury or problem with your ACL reconstructed knee   

today?

7. After your surgery, have you suffered any new injury or had any 

other problem with your ACL reconstructed knee? 

8. Have you undergone surgery for a new ACL injury or other injury  

of your ACL reconstructed knee? 

9. Do you suffer from any injury or other problems in your other knee? 

10.After surgery, have you sustained any injury or had other problems 

with your other knee? 

11.Have you been operated for an ACL injury or other injuries in your 

other knee? 

12.Do you have any injuries or problems, for instance of the foot or hip 

in either of your legs. 

13.Do you take any medicine today? 
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Knee injury and osteoarthritis outcome score  

In Study IV the Knee injury and Osteoarthritis Outcome Score (KOOS)  

(Roos et al 1998) was used. This questionnaire includes 42 items based on 

WOMAC Osteoarthritis Index (Bellamy et al 1988). These 42 items evaluates 

five different dimensions: symptoms, pain, daily activity function, function 

during leisure time and sports as well as knee related quality of life.  

Five-items Likert scales were used for answering the different items.  

The calculation of the points is performed for each dimension and  

thereafter changed to a number in percent between 0 and 100, where 

100% is the best possible point, meaning no problems. KOOS has a good 

reliability and is valid for individuals with ACL injuries (ROOS et al 1998).  

Swedish universities scales of personality  

In Study IV the Swedish universities Scales of Personality (SSP) (Gustavsson 

et al 2000) was used. SSP is a revised, updated and psychometrically 

evaluated version of Karolinska Scales of Personality. The inventory was 

designed to measure personality traits, i.e. stable personality characteristics. 

SSP consists of 91 items divided into 13 scales (Table 4). Each item is a 

statement with a four-point response format, ranging from “Does not apply 

at all” to “Applies completely”. All scale scores are transformed to T-scores 

(mean=50, SD=10) standardized for gender. A high T-score means a high 

scale score. Sixty-eight percent of the population is suggested to fall within 

the interval 50+/-10 (mean 1SD, or 40-60 points), while less than 5%  

will be found outside the interval 2SD. SSP is standardized based on  

a large sample randomly selected individuals from the general population 

(Gustavsson et al 2000).The different psychological traits of SSP are 

considered to be reliable (Gustavsson et al 2000). 
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Table 4.  The 13 scales of SSP and descriptions of patients                   
with high scores for each scale.  

_____________________________________________________________ 

Somatic Trait Anxiety Autonomic disturbances, restless, tense 

Psychic Trait Anxiety   Worrying, anticipating, lacking self-confidence 

 Stress Susceptibility Easily fatigued, feeling uneasy when urged to speed up 

Lack of Assertiveness Lacks ability to speak up and to be self-assertive in social 

situations 

Impulsiveness Acting on the spur of the moment, non-planning, impulsive 

Adventure Seeking   Avoiding routine, need for change and action  

Detachment Avoiding involvement in others, withdrawn, “schizoid” 

Social Desirability    Socially conforming, friendly, helpful  

Embitterment     Unsatisfied, blaming and envying others 

Trait Irritability     Irritable, lacking patience 

Mistrust       Suspicious, distrusting people’s motives 

Verbal Trait Aggression  Getting into arguments, berating people when annoyed 

Physical Trait Aggression Getting into fights, starts fights, hits back 

_____________________________________________________________ 

Statistics 

Study I 

Data were summarised with standard descriptive statistics (mean value SD).  

In cases of severely skewed distributions the median IQR/2 was used.  

For approximately normally distributed variables, differences between 

groups and changes over time were analyzed by analysis of variance  

for repeated measurements (group X leg X time) with leg and time as 

repeated measurements. Differences between groups in the outcome 

variables (global rating of outcome and number of patients who had 

returned to sports at the same level) were analyzed by the ² method 

(Fisher’s exact test, if the expected number of subjects in all cells was ¾ 5). 

The level of significance was five percent in all analyses (two-tailed). 
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Study II 

A power analysis was performed based on knee extension. Data were 

summarised with standard descriptive statistics (mean value SD, median 

and range). Differences between groups were calculated using Student’s  

t-test for independent variables and within groups for dependent variables. 

Correlations were done using Pearson’s coefficient of correlation test.  

The level of significance was five percent in all analyses (two-tailed). 

Study III 

All variables were summarised using standard descriptive statistics 

(mean SD and frequencies). The distributions of all variables were checked 

for skewed distributions and outliers. All distributions were approximately 

normal. Thus, the change in anterior knee pain from pre- to post-surgery 

was analyzed with an analysis of variance (ANOVA) for repeated 

measurements. An ANOVA for repeated measurements was also performed 

for the differences between legs and quadriceps torque and hamstring 

torque. Relationships between variables were expressed as Pearson’s 

product moment coefficient for normally distributed variables, while 

Kendall´s rank correlation coefficient was used for skewed distributions.  

The level of significance was five percent in all analyses (two-tailed).  

Study IV 

All variables were summarised using standard descriptive statistics (mean, 

SD and frequencies). The distributions of all variables were checked for 

skewed distributions and outliers. For skewed distributions non-parametric 

methods were applied. Thus, the differences between the groups for the 

KOOS variables were analyzed with Mann-Whitney rank test. All other 

variables were approximately normally distributed. Group differences were 

analyzed with Students t-test or analysis of variance (ANOVA) for repeated 

measurements. Leg (operated or non-operated) and time (before or after 

surgery) were regarded as repeated or dependent measurements. The 

ANOVAs differences in laxity between operated and non-operated knee 

appeared as a main effect and group differences in leg differences as an 
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interaction effect. Relationships between variables were expressed as 

Pearson’s product moment correlation coefficients for normally distributed 

variables, while Kendall’s rank correlation coefficients were used for skewed 

distributions. Differences in frequencies for discrete variables were analysed 

with the ² Fisher’s exact test (when the expected number of cases were 

below six). The level of significance was five percent in all analyses  

(two-tailed). 

Ethical approvals 

Study I 

This study was approved by the ethical committee at the Karolinska 

Hospital, dnr 00-044.    

Study II 

This study was approved by the ethical committee at the Karolinska 

Hospital, dnr 99-288. 

Study III 

This study was approved by the ethical committee at the Karolinska 

Institutet, dnr 86:90. 

Study IV 

This study was approved by the ethical committee at the Karolinska 

Hospital, dnr 02-172.   
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RESULTS

Study I

KT-1000 measurements 

In the group that trained both closed and opened kinetic chain exercises 

(n=22) the KT-1000 measurements of anterior knee laxity differed 7.8 mm 

preoperatively and 1.2 mm postoperatively between the ACL reconstructed 

and healthy contralateral leg. In the other group, that not trained open 

kinetic chain exercises (n=22), the values were 7.8 mm preoperatively and 

1.7 mm postoperatively. These differences between the groups were not 

statistically significant (Table 1).  

Table 1.  Mean values ±SD of anterior knee laxity (mm), KT-1000 at 
manual max, preoperatively and 6 months postoperatively  
in the ACL injured and healthy contralateral knee.  

       CKC only (n=22)   CKC+OKC (n=22)

      Preop   Postop  Preop   Postop 

Injured knee  15.5±3.6 9.1±3.2  15.6±2.9 8.5±2.2 

Healthy knee  7.7±1.9  7.4±2.1  7.8±2.4  7.3±2.4 

Quadriceps muscle torques 

The patients in the group that trained both OKC and CKC increased their 

quadriceps torques significantly more than those in the group that did not 

perform any OKC training (Table 2). No significant differences in concentric 

or eccentric hamstring torques were found between the groups 6 months 

postoperatively. 
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Table 2.  Mean values (%) of the side-to-side differences (injured vs 
healthy leg) of the isokinetic concentric and eccentric quadriceps 
torques within 20°-80° of knee flexion, preoperatively and 6 
months postoperatively. 

 CKC only CKC only CKC+OKC CKC+OKC  

 Preop Postop Preop Postop P-values

30°/s      

Concentric 76.4 65.7 81.2 78.8 <0.01 

Eccentric 77.3 65.7 84.9 83.2 <0.001 

120°/s      

Concentric 84.4 72.2 87.6 79.7 <0.05 

Eccentric 82.9 69.8 87.2 79.5 <0.01 

240°/s      

Concentric 85.9 75.6 89.0 82.6 <0.07 

Eccentric 90.7 70.4 87.1 79.8 <0.02 

Physical activity form 

The result of the physical activity form is presented in tables 3 and 4. 

Table 3.  Physical activity form in terms of returning to sports.  
 Results are given in number of patients. 
 CKC CKC+OKC

Return to pre-injury level 5    12* 

Reduced activity/ 

less demanding sports 

 10 3 

Social/family reasons 4 3 

Fear of re-injury 1 2 

Injury of contralateral knee  1 

Not physically active before  1 

Fracture 1  

No answer 1  

* P<0.05 
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Table 4.  Subjective rating of knee function and knee satisfaction. 
 Results are given in number of patients. 

 CKC CKC+OKC

Excellent/very satisfied 6 9 

Good/satisfied  11  11 

Fair/not fully satisfied 4 2 

Poor/dissatisfied 1  

Study II

Radiological examination of knee extension with a brace 

When the lateral X-rays of the 10 knees of the five healthy subjects were 

judged, it was found that with the brace set at 0° of knee extension not  

a single knee was straight. They were lying in different degrees of flexion. 

(Table 5).  

Table 5.  Mean and range of measured angles of the knee joint  
 when studied on long lateral X-rays with long films.  
 All were independently judged by two radiologists  
 with an inter-examiner accuracy of 94%. n=10 

Brace Mean Range 

0° +2.8° +1.5° to +4° 

-5° -2.5° +1.5° to -7° 

-10° -4.1° -0.5° to -9° 

Figure 1. 
   
Measurement of knee extension with  
X-ray. The subject is examined with  
a brace set at 0°, -5° and -10° after 
being bandaged like after an 
ACL reconstruction. 
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Postoperative pain 

There was no significant difference between the groups in postoperative 

pain the day after surgery (VAS: median=49.5 mm in the straight brace 

group and median=44 mm in the hyperextension group). 

Postoperative knee extension 

At three months follow-up the range of motion was measured with  

a goniometer with long lever arms (Table 6). 

Table 6.  Range of motion in both groups three months after  
 ACL reconstruction. Results are given in number of patients. 

Loss of knee extension Straight brace Hyperextension brace 

2 ° 12 2* 

2° 2  

3° 5  

5° 4 2 

7° 1  

* P<0.001 



   37

Study III

Anterior knee pain 

Thirty out of 35 ACL reconstructed patients reported less anterior knee pain 

after surgery (M=41.9±7.5) compared to before (M=31.2±10.9), P<0.0001,

measured with a functional knee score for anterior knee pain. Anterior knee 

pain divided into the different levels of pain is reported in table 7. 

Table 7.  Anterior knee pain (AKP) as measured with a functional knee 
score (0-50 points, 0 means severe knee pain, 50 means no knee pain) 
before and after ACL reconstruction.  

 Results are given in number of patients in different groups 
presenting the degree of their AKP. n=35  

Degree of AKP (points) Before After 

Excellent  47 1 13 

Good 42-46 6 11 

Fair 33-41 13 7 

Poor  32 15 4 

No significant differences in the amount of anterior knee pain between  

the central and the medial patellar tendon grafts were found. No significant 

gender differences in terms of anterior knee pain were recorded neither 

before nor after ACL reconstruction. There was no gender difference in 

terms of change of anterior knee pain before versus after ACL 

reconstruction. 

There was no correlation between the degree of anterior knee pain and 

quadriceps torque. On an average 8.4±2.6 months after ACL reconstruction 

the side-to-side reduction of quadriceps torque was 25% compared to that 

of the hamstrings, which was 8% (P=<0.001).
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Study IV 

Return to sport 

At the long-term follow-up examination (mean 7.2 years) after ACL 

reconstruction 18 patients, 14 males and 4 females reported that they had 

returned to pre-injury level of sport. Thirty-one patients, 14 males and 17 

females had not returned to their pre-injury level of sport (Table 8). 

Table 8.  Demographic data in the studied groups of patients that have 
undergone a bone-patellar tendon-bone ACL reconstruction. 
n=49 

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports 

  PAL (n=18) N-PAL (n=31)

Gender (n) Males 14 (78%) 14 (45%) 

 Females 4 (22%) 17 (55%) 

    

Age at surgery (years)  Mean 24.0 21.5 

 SD 3.07 3.79 

 Range 18-29 15-29 

    

Age at follow-up (years) Mean 31.3 29.0 

 SD 3.41 3.63 

 Range 26-38 22-36 

New knee injuries 

Four patients from the PAL group and three from the N-PAL group had 

sustained ACL injuries of the contralateral leg. There were no significant 

group differences in terms of new knee injuries postoperatively.  

One patient had a re-rupture of the ACL at the index leg (Table 9). 
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Table 9.  Clinical characteristics in the studied groups of patients that  
 have undergone a bone-patellar tendon-bone ACL reconstruction. 

Results are given in number of patients. n=49  

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports 

 PAL (n=18) N-PAL (n=31)

Arthroscopy 1 3 

ACL injury of contralateral leg 4 4 

Re-rupture of ACL injury 0 1 

Meniscal injury 4 3 

Meniscal suture 1 0 

Cartilage injury 1 0 

Anterior knee laxity 

Irrespective of leg the patients showed a lower degree of anterior knee 

laxity at the long-term follow-up compared to after completion of the 

rehabilitation that followed the ACL reconstruction. The operated leg  

showed greater anterior knee laxity than did the contralateral leg 

irrespective of time of measurement (20 lb) (Table 10). 

Table 10.  Side-to-side differences (M±SD) in terms of anterior knee laxity 
(KT-1000) 6-9 months after bone-patellar tendon-bone  

 ACL reconstruction and completed rehabilitation as well as at  
 the follow-up on an average 7.2 years after ACL reconstruction  
 in the studied groups of patients. n=49  

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports  

Group 6-9 months  

20lb (mm) 

6-9 months  

Man.max (mm) 

7.2 years  

20lb (mm) 

7.2 years  

Man.max (mm) 

PAL 1.7 1.6 0.3 0.5 

N-PAL 1.2 1.1 1.1 1.8 
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Physical activity form 

When evaluation knee function of the operated knee the PAL group rated 

significantly higher than the N-PAL group. The PAL group also rated 

significantly higher in terms of satisfaction of the operated knee than  

the N-PAL group (P=0.001). 

Knee injury and osteoarthritis outcome score 

At the long term follow-up a high average value, measured with KOOS 

(>90%) was found for the PAL group regarding symptoms, pain, daily 

activity function, function during leisure time and sport. Using KOOS the  

N-PAL group scored proportionately high (>80%) regarding symptoms,  

pain and daily activity function and considerably lower (<70%) regarding 

function during leisure time and sport and knee related quality of life.  

Both groups scored the lowest in terms of knee related quality of life.  

The results of functional outcome evaluated with KOOS are presented in 

Figure 2. 
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Figure 2. Functional outcome evaluated with KOOS on average 7.2 years 

after bone-patellar tendon-bone ACL reconstruction. n=49 

The groups differed concerning functional outcome evaluated with KOOS. 

The PAL group showed higher points, a better functional outcome than did 

the N-PAL group in all five dimensions. These differences were statistically 

significant for all dimensions but pain. The greatest differences were found 

in function during leisure time and sport (P=0.002), and in knee related 

quality of life (P=0.003).

Swedish universities scales of personality 

The Swedish universities Scales of Personality revealed differences between 

groups in terms of personality. The PAL group showed significantly lower 

scores than did the N-PAL group concerning the following scales: Somatic 

Trait Anxiety (P=0.010), Psychic Trait Anxiety (P=0.001) and Stress 

Susceptibility (P=0.003) (Figure 3).  
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Figure 3. Personality characteristics evaluated with SSP  
on average 7.2 years after bone-patellar tendon-bone 
ACL reconstruction. n=49  

-20 -10 0 10 20

Mistrust

Trait Irritability

Physical Trait Aggression

Verbal Trait Aggression

Social Desirability

Embitterment

Detachment

Adventure Seeking

Impulsivity

Low Assertivenss

Stress Susceptiblity

Psychic Trait Anxiety

Somatic Trait Anxiety

T-score - 50

N-PAL Group PAL Group

**

***

**

†



   43

Knee function 

There was no significant correlation between measurements performed with 

KT-1000 and KOOS in terms of increased anterior knee laxity and impaired 

knee function. 

Eight (out of the 49) patients, seven from the N-PAL group and one from 

the PAL group, reported a feeling of knee instability of their ACL 

reconstructed knee. This group difference was not significant (Fisher’s Exact 

Test=0.229). Neither was there any significant correlation between feeling 

of knee instability and side-to-side difference in terms of anterior knee laxity 

of 3 mm (operated knee minus contralateral healthy knee) at the time of 

the long-term follow-up (Fisher’s Exact Test=1.000).  

There was a significant correlation between a feeling of knee instability and 

Stress Susceptibility (P=0.032). There were significant correlations between 

a feeling of knee instability and all dimensions of KOOS except for 

symptoms, where there was a strong tendency towards a good correlation: 

symptoms (P=0.052), pain (P=0.024), daily activity function (P=0.019), 

function during leisure time and sports (P=0.022) and knee related quality 

of life (P=0.012). 



 44

DISCUSSION 

Rehabilitation after ACL reconstruction

An optimal clinical outcome after ACL reconstruction relies on a good 

surgical procedure, a good rehabilitation and a well motivated patient.  

The goal of the present Thesis was to try to improve rehabilitation after 

bone-patellar tendon-bone ACL reconstruction. We have focused on 

comparisons between closed and open kinetic chain exercises (Study I),  

the use of a hyperextension brace or a straight brace (Study II), anterior 

knee pain before and after the central or medial third of the patellar tendon 

graft (Study III), and personality characteristics in patients that returned  

to pre-injury level of sports and those that did not (Study IV).   

Closed and open kinetic chain exercises  (Study I)

Study I was based on our experience that closed kinetic chain exercises 

were not sufficient for regaining quadriceps torque after ACL reconstruction. 

Since that was not evidence based we designed a prospective matched 

investigation. We compared closed kinetic chain and open kinetic chain 

training for quadriceps during a rehabilitation period of 6-9 months and  

also made a follow-up on average 2.5 years after the surgical intervention. 

One group added open kinetic chain quadriceps training to closed kinetic 

chain exercises and the other group performed only closed kinetic chain 

exercises. Combined closed and open kinetic chain exercises was superior  

to closed kinetic chain exercises alone concerning greater improvement in 

quadriceps torque and a higher number of patients that were able to return 

earlier to sport and at pre-injury level without compromising knee joint 

stability. This result may favour open kinetic chain training in front of closed 

kinetic chain. However, the greater amount of training that the open kinetic 

chain group received might show that the closed kinetic chain group 

received too little training for strengthening the quadriceps muscle. 

Extension deficit after ACL reconstruction  (Study II) 

Extension deficit after ACL reconstruction means a poor knee function. 
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A small extension deficit may not be important for the majority  

of patients that are living a sedentary life. However, an extension deficit 

probably plays a considerably more important role for the athletic 

population, especially in certain sports. There are different ways of trying  

to prevent this cumbersome extension deficit of the knee joint. 

Postoperative hyperextension braces have been suggested (Eriksson 1995; 

Shelbourne and Patel 1995). In study II we provided one group of ACL 

reconstructed patients with a hyperextension brace during the first three 

postoperative weeks. Another group was treated with a straight brace 

during the same period of time. All patients were instructed by the test 

leader (CM) how to apply the brace properly and they were also informed  

to only take off the brace while taking a shower, for instance. Therefore,  

it is likely that this leads to variations of the adjustment of strap tension. 

However, Beynnon et al (1997) reported that high or low adjustment of 

strap tension did not change the protective effect of the brace. Although, 

our findings of positive effect on knee extension with a hyperextension 

brace, intensive physical therapy is another and less expensive way, but 

time consuming, of preventing extension deficit. We recommend the use of 

a hyperextension brace to those patients that do not have access to 

intensive physical therapy, though.  

Anterior knee pain after ACL reconstruction  (Study III)

Many orthopaedic surgeons maintain that anterior knee pain is a 

considerably more frequent problem after bone-patellar tendon-bone ACL 

reconstruction than after hamstring ACL reconstruction (Eriksson et al 

2001). It should, however, be pointed out that very few prospective 

randomized clinical trials can confirm this. Most of these statements are 

based on clinical experience. Furthermore, it should be taken into 

consideration how the different authors and orthopaedic surgeons define 

anterior knee pain. Kartus et al (1997) introduced the “knee-walking test”  

in order to evaluate anterior knee pain after ACL reconstruction. The “knee-

walking test” may have some significant advantages when evaluating the 
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impact of the knee cap against the underlying surface. This test could 

therefore be appropriate for individuals that perform a lot of work standing 

on their knees such as floor layers and goal keepers in floor ball. However, 

we find anterior knee pain to be a syndrome covering a number of different 

functional problems. Therefore, a functional knee score might be more 

appropriate for evaluating the patient’s problems from a wider point of view. 

However, the “knee-walking test” could belong to a battery of different tools 

for evaluating anterior knee pain. 

In Study III we evaluated anterior knee pain before and after bone-patellar 

tendon-bone ACL reconstruction and found more anterior knee pain before 

than after the surgery. The reduced number of patients with anterior knee 

pain after ACL reconstruction may be due to the rehabilitation following the 

surgical procedure. Our aggressive rehabilitation protocol is initially focused 

on increasing range of motion to regain full knee extension or hyper-

extension, if hyperextension exists in the contralateral knee. Furthermore, 

already at the start extra effort is used to improve thigh muscle strength, 

especially of the quadriceps muscle. Full knee extension (or hyperextension) 

and good quadriceps strength are factors that have been reported to 

prevent anterior knee pain (Sachs et al 1989; Shelbourne and Trumper 

1997; Shelbourne and Patel 1999; Shelbourne et al 2006).  

Our rehabilitation protocol after ACL reconstruction also comprises “work 

specific” or “sport specific” exercises meaning that a floor layer or a goal 

keeper in floor ball, for instance, are rehabilitated standing on their knees. 

We believe that this type of tailored rehabilitation plays an important role in 

preventing anterior knee pain. It should, however, also be pointed out that  

if the graft is placed properly in its anatomic position with the appropriate 

amount of tension, the graft can resist the forces applied with an aggressive 

rehabilitation program (Rubinstein and Shelbourne 1993), which also might 

lead to a reduced risk of developing anterior knee pain. 
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Personality  (Study IV)

The relationship between personality and its influence on rehabilitation and 

clinical outcome is not known. In the majority of investigations personality 

data have been collected by self-administered questionnaires  

(e.g Ellertsen 1992; Gustavsson et al 2000). In Study IV we used the 

Swedish universities scales of personality in order to compare personality 

characteristics between ACL reconstructed patients that were able to return 

to pre-injury level of sports and those who did not. We found significant 

differences between the groups in terms of Somatic Trait anxiety, Psychic 

Trait Anxiety and Stress Susceptibility. The group that did not return to pre-

injury level of sports showed higher values meaning more personality 

problems than a normal population. These personality characteristics also 

seemed to predict the outcome of ACL surgery and rehabilitation more 

rather than objective measurements such as anterior knee laxity. This might 

mean that some personality characteristics are important factors and could 

be taken in consideration to screen the patient’s readiness for surgery. 

KT-1000 measurements (Study I, II, IV)

Sagittal knee laxity can be measured objectively with different arthrometers 

(Daniel et al 1985; Anderson et al 1992; Mononen et al 1997). The most 

frequent used is the KT-1000 arthrometer (Eriksson 1999). The reliability of 

KT-1000 is a subject of argument between different authors. Some authors 

have reported the KT-1000 to be both reliable and valid (Daniel et al 1985; 

Sherman et al 1987; Neuschwander et al 1990; Rangger et al 1993), while 

others have found its reliability and validity to be questionable (Forster et al 

1989; Graham et al 1991; Isberg et al 2006). The most important factor 

concerning the use of KT-1000 arthrometer is that one and the same 

examiner performs all the measurements (Neuschwander et al 1990;  

Fiebert et al 1994; Sernert et al 2001). Furthermore, an experienced 

examiner shows higher reliability than a less experienced one (Ballantyne  

et al 1995; Berry et al 1999; Huber et al (1997). We have used the KT-1000 

in three out of the four studies in this Thesis. One and the same examiner 
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(CM) very well familiar with the KT-1000 arthrometer has performed all 

measurements in all the studies. Based on this design we believe that the 

results of the KT-1000 measurements are trustworthy. Recently, Isberg  

et al (2006) have in a prospective study on ACL injured and reconstructed 

patients evaluated the validity of the KT-1000 by comparing its result with 

radiostereometric analysis (RSA) technique. Similarly as earlier published by 

Jonsson et al (1993) they found that KT-1000 arthrometer recorded 

significantly smaller side-to-side differences in anterior-posterior knee laxity 

when compared with the RSA. These results indicate that the RSA technique 

is more valid than the KT-1000. The clinical value may be questioned, 

though.  

Isokinetic methodology (Study I, III)

High accuracy in measurement of muscle strength is considered to be  

of great value in clinical research and practice (Knutsson and Mårtensson 

1977). Since the 70ies the isokinetic method has been the method of choice 

in the laboratory when determining muscle torques. The term “isokinetic” is 

defined as a dynamic muscular contraction, when the velocity of the 

movement is controlled and maintained constant by a special device (Thistle 

et al 1967). The isokinetic method provides optimal loading of the muscles 

during both concentric and eccentric actions (Baltzopoulos 1989). Open 

kinetic chain exercises can preferably be performed using an isokinetic 

device. It should, however, be pointed out that only individuals motivated 

for physical exercise/muscle strengthening are those that most likely have 

the best outcome of isokinetic training. Therefore, screening patients for 

their motivation of training could be considered when planning muscle 

strengthening exercises. On the other hand there are arguments against 

isokinetic training that it may not be functional and do not mirror activities 

of daily living as well as recreational and sports activities. In Study I, we 

found an addition of open kinetic chain exercises for quadriceps to be 

superior to closed kinetic chain exercises in terms of quadriceps torque.  

The open kinetic chain group performed their training on an isokinetic 

device both concentrically and eccentrically. This result might of course to 
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some extent depend on the additional amount of training that the open 

kinetic chain group received. But, it may also indicate that isokinetic training 

leads to considerably better muscle torques than the isotonic training that 

the closed kinetic chain group carried out. 

Range of motion measurements  (Study II) 

Limited range of motion, due to a number of different pathologies or 

injuries, is an impairment that physical therapists often deal with in  

the clinical setting (Brosseau et al 2001). This impaired range of motion 

prevents normal function. In terms of knee range of motion even a small 

reduction after ACL reconstruction, for instance, may play a significant role 

for athletes in certain sports. In order to quantify possible restrictions in 

range of motion as well as to guide treatment interventions and document 

their approach (Gajdosik and Bohannon 1987) reliable and valid 

measurement tools are needed. The universal goniometer is the most 

common instrument for measuring range of motion. It has been reported  

to have a good overall intra- and intertester reliability, although the 

intratester reliability is superior to the intertester reliability (Rothstein et al 

1983; Mayerson and Milano 1984; Watkins et al 1991; Brosseau et al 1997). 

Jagodzinski et al (2000) recommend the use of a long arm goniometer to 

reduce the amount of error of measurements. In general, 5° change in 

range of motion is suggested to be of clinical value in most joints. However, 

in terms of knee extension even a smaller change might be of interest, 

especially when it comes to hyperextension. International Knee Document 

Committee (IKDC) form suggests that a difference in knee extension of >2° 

has to be detected in order to categorize knee function properly (Hefti et al 

1993). In Study II one examiner (CM) performed all the range of motion 

measurements with a long arm goniometer in order to minimize the 

measurement error as much as possible. According to the IKDC form we 

also chose 2° to be a difference of significance.      
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Outcome scores  (Study I, III, IV)

During the last decade many self-reported questionnaires or outcome scores 

such as different knee scoring scales have been utilized. A knee score is 

built on the patient’s own subjective evaluation of his or her function. Each 

functional score should be tested for reproducibility, meaning that the score 

is reliable for repeated measurements under the same standardized 

conditions. Furthermore, the most optimal functional score should be tested 

for validity and sensitivity and thereby tailored for a specific diagnosis. 

In the present Thesis we used Knee injury and Osteoarthritis Outcome Score 

(KOOS) (Roos et al 1998; Roos et al 1998), Swedish universities Scales of 

Personality (SSP) (Gustavsson et al 2000), Tegner activity scale (Tegner  

and Lysholm 1982), Physical activity form (Mikkelsen et al 2000), and 

Werner functional knee score for anterior knee pain (Werner et al 1993).  

The problem with self-administered outcome scores that are mailed to  

the patients (or subjects) is that a sufficient number of the answered 

questionnaires are returned to the test leader. Another problem may be  

that some questions within the questionnaire are unanswered because the 

patient (or subject) did not understand this particular question. Answering 

the questionnaire under the supervision of a test leader is therefore one  

way of preventing this.  

Strengths and limitations of the Thesis 

Strength 

All the four studies have a prospective design. One is a prospective 

randomized study (study II), one is a prospective matched study  

(Study I), one is a prospective comparative study (Study III) and  

one is a prospective long-term follow-up study (Study IV). 

All examinations of the patients have been performed by one and  

the same physical therapist (CM).  
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The study of anterior knee pain after ACL reconstruction with bone-patellar 

tendon-bone graft is prospective unlike the majority of other studies of 

anterior knee pain. It has also been tested for reproducibility and showed  

a high reliability (r=0.96). Furthermore, the patients answered the score 

supervised by a test leader, which means that a possible misunderstanding 

of a question was prevented. 

The study comparing closed and open kinetic chain after ACL reconstruction 

is one of the first prospective randomized trials in the scientific literature on 

this subject. This investigation pointed out the importance of adding open 

kinetic chain quadriceps training to the rehabilitation protocol. Before this 

study was published closed kinetic chain was universally used as the 

standard means for rehabilitation after ACL reconstruction during several 

years. This study is also often quoted in the literature.  

One and the same examiner with an intra-test reliability of r= 0.949  

(right knee) and r=0.984 (left knee) has performed all the KT-1000 

measurements in all studies, where anterior knee laxity was measured 

(Study I, II and IV).  

Limitations  

The Physical activity form that was used in Study I and IV has not been 

tested for reliability.  

In study I one group of patients received only closed kinetic chain exercises, 

while the patients of the other group also received open kinetic chain 

training. This means that the latter group received more training.  

Study II was done in collaboration with professor G. Cerulli, Perugia 

university, Italy. Christina Mikkelsen travelled repeatedly to Perugia to 

perform all the measurements before surgery and three months after 

surgery in each patient. In the meantime the patients followed a 
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rehabilitation program recommended by professor G. Cerulli. The 

compliance of this rehabilitation is, however, unknown.  

All patients in the hyperextension investigation (Study II) were given 

heparin according to the Italian law. This might have led to some more 

swelling than normally. Both groups of patients received this treatment, 

though.  

The sample size of Study III is somewhat small and there were a higher 

number of patients operated with the central third compared to the medial 

third of the patellar tendon.  

There was a high number of drop-outs in Study IV. There are difficulties  

to reach the involved subjects in this type of long-term follow-up. In 

general, it is believed that individuals without or with only small problems 

are less motivated to participate in a follow-up investigation.   

Future research in rehabilitation after ACL reconstruction 

The goal of the present Thesis was to try to improve the rehabilitation after 

bone-patellar tendon-bone ACL reconstruction. Future studies are needed to 

provide the ACL reconstructed patient with the best possible rehabilitation. 

There are still a number of questions that needs to be answered. Today we 

are focusing on whether we should have different rehabilitation protocols 

due to the graft used, and whether we should have different rehabilitation 

programs for males and females.  
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CONCLUSIONS 
A combination of closed kinetic chain and open kinetic chain 

quadriceps exercises is superior to closed kinetic chain exercises 

alone after ACL reconstruction. The combined closed kinetic chain 

and open kinetic chain exercises led to significantly better quadriceps 

torque and earlier return to pre-injury level of sports without 

compromising knee joint stability. 

Even if a knee (with known hyperextension) bandaged like after an 

ACL reconstruction is put in a straight brace the knee is lying in slight 

flexion. A brace in hyperextension is needed to get the knee in full 

knee extension.  

The use of a Hypex® brace set in hyperextension for at least three 

weeks after ACL reconstruction seems to be an easy way of 

preventing a cumbersome extension deficit of the knee joint. 

We found less anterior knee pain after than before bone-patellar 

tendon-bone graft ACL reconstruction. 

There was no difference in the amount of anterior knee pain between 

the use of the central or the medial part of the patellar tendon.  

No gender difference was observed concerning the degree of anterior 

knee pain before as well as after ACL reconstruction. 

No correlation was found between the degree of anterior knee pain 

and quadriceps torque.  
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Approximately one third of the patients were able to return to pre-

injury level of sports following bone-patellar tendon-bone graft ACL 

reconstruction and two thirds were not. Those who returned to pre-

injury level of sports were more satisfied with their knee function. 

They scored higher on KOOS and reported a lower degree of Somatic 

Trait Anxiety, Psychic Trait Anxiety and Stress Susceptibility on SSP 

than those who did not. 

At the long-term follow-up (7.2 years) there was a lower degree of 

anterior knee laxity, measured with KT-1000, when compared to 

measurements performed 6-9 months after ACL reconstruction.  

Different psychological characteristics such as Stress Susceptibility, 

Somatic Trait Anxiety and Psychic Trait Anxiety rather than 

instrumented anterior knee laxity seem to predict the outcome of  

ACL reconstruction in terms of returning to pre-injury level of sports. 
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Introduction

Anterior cruciate ligament (ACL) rupture is one of the
most common and most serious traumatic injuries among
physically active individuals [8]. The Swedish company
Folksam, which insures most Swedish athletes, reports

that ACL injury entails the longest disability period, leads
to the highest percentage of permanent sports disability,
and is the most expensive injury for the company and for
society [8].

There is still no consensus regarding the optimal reha-
bilitation program following ACL reconstruction except
for early motion, which was pointed out some 25 years
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ago by Eriksson [7] and has since been confirmed by
Noyes et al. [18]. The importance of hamstring strength-
ening during the first postoperative weeks after ACL re-
construction has been advocated [26]. Some authors ex-
press concern that active quadriceps strengthening during
the last 30° of knee extension may be harmful because it
produces substantial ACL graft strain [2, 3, 20]. Several
years ago studies carried out by Shelbourne and Nitz [22],
Shelbourne et al. [23], and Pässler et al. [19] suggested
that ACL-reconstructed patients should be treated with
closed kinetic chain (CKC) exercises rather than open ki-
netic chain exercises (OKC) in order to protect the ACL
graft. Bynum et al. [4] maintained that CKC exercises
should be used exclusively after ACL reconstruction.
Over the past decade CKC training has become the stan-
dard means for treating patients after ACL reconstruction.
However, Beynnon et al. [3] have recently reported that
there were only minor differences in ACL strain values
between CKC and OKC exercises. In our experience, pa-
tients treated only with CKC exercises have problems re-
gaining sufficient quadriceps torque to return to sports af-
ter a 6 months rehabilitation period. Several authors also
report low quadriceps muscle output after ACL injuries
[9, 10, 14, 15, 21, 25].

The primary aim of the present investigation was to
evaluate the effect of CKC quadriceps rehabilitation ver-
sus the same program with addition of OKC exercises fol-
lowing ACL reconstruction on anterior knee laxity and
isokinetic muscle torque. A secondary aim was to deter-
mine whether this leads to differences in knee function
and the ability to return to sporting activities.

Patients and methods

Patients

Forty-four men and women aged 18–40 years with their first-ever
unilateral ACL injury and a healthy contralateral leg participated
in this study, approved by the Karolinska Hospital ethics commit-
tee. Patients with a previous serious knee injury or a concomitant
other injury that might influence the rehabilitation were excluded.
No acute ACL injuries were included. All patients except one
woman were athletes in various sports such as soccer (n=22), floor
ball (n=4), team handball (n=2), basketball (n=2), volleyball (n=1
patient), bandy on ice (n=2), downhill skiing (n=3), gymnastics
(n=3), karate (n=1 patient), thaiboxing (n=1 patient), and motor-
cross (n=2). All underwent ACL reconstruction using a bone patel-
lar tendon bone graft and were operated on by a standardized
arthroscopy-assisted technique using the central one-third of the
patellar tendon, 10–11 mm wide. The surgical procedures were
performed as a one-incision technique by three highly experienced
ACL surgeons.

The patients were randomized into two groups, each with 
22 patients. Those in group 1 trained only with CKC quadriceps
exercises; this group included 17 men aged 19–40 years (25.7±4.8)
and 5 women aged 17–22 years (19.4±2.5).. Those in group 2 were
treated with the same CKC exercises but from week 6 after surgery
with the addition of OKC for the quadriceps muscle; in this group
there were 17 men aged 18–39 years (25.4±5.4) and 5 women aged
18–21 years (19.0±1.4). Each patient was matched to another pa-

tient for age, gender, and type and level of physical activity/sports.
The one woman who was not an athlete was randomized into
group 2 and was matched to a patient in group 1 with a low phys-
ical activity level.

KT-1000 measurement

Anterior knee laxity was determined with the KT-1000 arthrome-
ter (MEDmetric, San Diego, Calif., USA) [5, 17] in all patients be-
fore surgery and 6 months postoperatively by one and the same
examiner, who postoperatively was unaware of the preoperative
KT-1000 result. Since the original report by Daniel et al. [5] in
1985 many other authors have studied and found a good repro-
ducibility of the KT-1000 [1, 24, 30]. In the present study we per-
formed the test in 30° knee flexion with the patient in supine posi-
tion on a bench with a foot support to constrain external tibial ro-
tation equally on both sides. The joint line was marked, and the pa-
tients were instructed to totally relax their thigh muscles. This was
carefully checked by the examiner before the test. The contralat-
eral healthy leg was tested first and then the ACL injured leg. The
value of the maximum manual test was used for statistical analyses
[1].

Isokinetic measurement

A Kin-Com dynamometer (Chattecx, Chattanooga, Tenn., USA)
[11] was used for measuring quadriceps and hamstring torque
within the range of 10°–90° knee flexion. Both concentric and ec-
centric actions were measured at angular velocities of 30, 120, and
240°/s. Patients sat with the thigh supported, with 90° hip flexion,
a support for the low back, a fixation girdle around the pelvis, and
the arms folded. The resistance pad was placed just above the
malleoli. Determinations at each velocity were obtained while su-
perimposing the last record on the preceding ones. The highest ob-
served amplitude was accepted in order to exclude measurements
at submaximal effort [13]. Torque values were corrected for grav-
itational force [13]. For comparisons of voluntary strength the av-
erage torque within a movement range of 20°–80° of knee flexion
from at least three determinations was used. The isokinetic mea-
surements were performed both preoperatively and 6 months post-
operatively by the same examiner.

Rehabilitation protocol

Rehabilitation started the first day after the ACL reconstruction.
The rehabilitation protocol consisted of traditional items such as
range of motion and flexibility training, proprioceptive and bal-
ance training, CKC exercises, and hamstring training (Table 1).
The two groups followed the same rehabilitation protocol during
the first 5 weeks. From week 6 group 2 also received isokinetic
concentric and eccentric quadriceps exercises, initially within
90°–40° of knee flexion, which over 6 weeks was gradually in-
creased to 90°–10° of knee flexion (Table 2). Group 2 continued
with these OKC quadriceps exercises during the entire rehabilita-
tion period. Otherwise the two groups continued the same rehabil-
itation program for 6 months postoperatively. Both groups per-
formed the rehabilitation at the hospital under supervision of the
same physical therapist throughout the entire rehabilitation time.

Follow-up evaluation

A questionnaire regarding knee function and satisfaction, physical
activity and/or sports participation was answered by all patients,
on average 31.0±9.7 months after surgery. The patients were asked
to judge their knee function at that time using the following four
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scale parameters: excellent, good, fair, and poor. They were also
asked to report their knee satisfaction at that time using the fol-
lowing four scale parameters: very satisfied, satisfied, not fully sat-
isfied, and dissatisfied. Furthermore, they were asked whether they
had returned to sports, and if so, they were asked whether they re-
turned at the same or a lower level than before their injury, and at
what time they started their sporting activities after surgery. If they

had not returned to sports or had returned to a lower level and/or to
a less knee demanding sports they were asked for what reason.

Statistics

Data were summarized with standard descriptive statistics (mean
value ±SD). In cases of severely skewed distributions the median
±IQR/2 was used. For approximately normally distributed vari-
ables, differences between groups and changes over time were an-
alyzed by analysis of variance for repeated measurements (group ×
leg × time) with leg and time as repeated measurements. Differ-
ences between groups in the outcome variables (global rating of
outcome and number of patients who had returned to sports at the
same level) were analyzed by the χ2 method (Fisher’s exact test, if
the expected number of subjects in a cell was 3/4 5). A signifi-
cance level of P<0.05 on a two-tailed test was applied.

Results

Anterior knee laxity

In group 2 the KT-1000 measurements of anterior knee
laxity differed 7.8 mm preoperatively and 1.2 mm postop-
eratively between the ACL reconstructed and healthy con-
tralateral legs. The corresponding values in group 1 were
7.8 mm preoperatively and 1.7 mm postoperatively. These
differences between the groups were not statistically sig-
nificant (Table 3).

Isokinetic muscle torque

Table 4 presents the proportional side-to-side differences
(injured vs. healthy leg) in quadriceps and hamstring
torque preoperatively and 6 months postoperatively. The
patients in group 2 had increased their quadriceps torque
significantly more than those in group 1 6 months after
surgery (Table 5). After 6 months no significant differ-
ences in concentric or in eccentric hamstring torque were
found between the groups.

Clinical outcome: return to sports

Of the 22 patients who strengthened their quadriceps with
both OKC and CKC exercises (group 2) 12 returned to
sports at the same level as before the injury, after a me-
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Table 1 Our standard rehabilitation protocol for both groups fol-
lowed after ACL reconstruction

Time Exercises

0–2 weeks Passive knee extension exercises
Active knee flexion exercises
Electrical muscle stimulation (if unable to
contract quadriceps and/or hamstring)

2–6 weeks, add: Patella mobilization (if needed)
Gait training
Closed kinetic chain exercises (quadriceps
and hamstrings)
Hamstring training (gradually isokinetically)
Proprioceptive and balance training
Stationary biking (when 100° of knee flexion)

6–12 weeks, add: Functional exercises (stair walking, skip the
rope, “skating” on a slide board)

3–4 months, add: Jogging straight ahead on an even surface

4–6 months, add: Jogging and running on an uneven surface
Jogging with turns 90°, 180°, 360°
Cutting with 45° changes of direction
Acceleration and deceleration running
Sport-specific exercises

Table 2 Our isokinetic open kinetic chain quadriceps training
protocol that was added from week 6 in group 2 after ACL recon-
struction

Week ROM (°) Angular velocity (°/s) Reps

Concentric Eccentric

6 90–40 120 30 50

7 90–40 120 30 80

8 90–30 120 30 60
90 90 60

9 90–30 120 30 90
90 90 80

10 90–20 120 30 70
90 90 70
30 120 70

11 90–20 120 30 80
90 90 80
30 120 90

12 90–10 120 30 80
90 90 70
30 120 80

240 240 70 Table 3 Mean values ±SD of anterior knee laxity (mm), KT-
1000-max, preoperatively and 6 months postoperatively in the
ACL injured and healthy contralateral knee (n=22 in each group)

CKC only CKC + OKC

Preop Postop Preop Postop

Injured knee 15.5±3.6 9.1±3.2 15.6±2.9 8.5±2.2
Healthy knee 7.7±1.9 7.4±2.1 7.8±2.4 7.3±2.4



dian of 7.5±1.0 months. Eight patients had reduced their
activity level and/or changed to a less knee demanding
sport due to impaired knee function in three patients, so-
cial and family reasons in three, and the fear of reinjuring
the knee in two. One patient did not return to any type of
sport due to a new knee injury of the contralateral leg.
One patient was not physically active either before or af-
ter ACL reconstruction.

Of the 22 patients who strengthened their quadriceps
with only CKC exercises (group 1) five returned to sports
at the same level as before the injury, at a median of
9.5±3.0 months postoperatively. Fifteen patients had re-
duced their activity level and/or changed to a less knee de-
manding sport due to impaired knee function in ten pa-
tients, social and family reasons in four, and the fear of
reinjuring the knee in one. Two patients did not return to
any type of physical activity after surgery due to a fracture
of the lower extremity in one patient, and one patient did
not respond to the questionnaire.

A higher proportion of patients in group 2 returned to
sports at the same level as before the ACL injury than in
group 1 (P<0.05).

Subjective rating of knee function and knee satisfaction

Ratings of knee function and knee satisfaction averaged
31.0±9.7 months postsurgery in both groups. There were
no significant differences between the groups with regard
to subjective knee function or knee satisfaction. The re-
ports of knee function and knee satisfaction in group 2
were excellent or very satisfied in nine patients, good or
satisfied in 11, and fair or not fully satisfied in two. The
reports of knee function and knee satisfaction in group 1
were excellent or very satisfied in six patients, good or
satisfied in 11, fair or not fully satisfied in four, and poor
or dissatisfied in one.

Discussion

We studied knee joint stability and thigh muscle torque,
comparing clinical outcome in terms of knee function and
return to sports after CKC quadriceps training and after a
CKC plus OKC quadriceps training in ACL reconstructed
patients. There was no difference between the treatments
with regard to knee joint stability. This indicates that iso-
kinetic OKC quadriceps training starting 6 weeks postop-
eratively within a range of 90°-40° of knee flexion does
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Table 4 Mean values (%) of
the side-to-side differences (in-
jured vs. healthy leg) of the
isokinetic concentric and ec-
centric quadriceps and ham-
string torque within 20°–80° of
knee flexion, preoperatively
and 6 months postoperatively
(n=22 in each group)

CKC only CKC + OKC

Quadriceps Hamstrings Quadriceps Hamstrings

Preop Postop Preop Postop Preop Postop Preop Postop

30°/s
Concentric 76.4 65.7 89.1 92.8 81.2 78.8 89.2 96.9
Eccentric 77.3 65.7 88.5 86.6 84.9 83.2 87.7 96.0

120°/s
Concentric 84.4 72.2 91.8 96.6 87.6 79.7 95.8 103.3
Eccentric 82.9 69.8 90.4 94.4 87.2 79.5 89.2 102.1

240°/s
Concentric 85.9 75.6 91.7 88.7 89.0 82.6 96.2 104.4
Eccentric 90.7 70.4 89.7 93.5 87.1 79.8 92.8 100.2

Table 5 Mean values ±SD of
isokinetic concentric and ec-
centric quadriceps torque (Nm)
within 20°–80° of knee flexion
of both legs 6 months postop-
eratively (n=22 in each group)

aSide to side differences (in-
jured vs. healthy leg) between
the groups is reported

CKC only CKC + OKC Pa

Injured leg Healthy leg Injured leg Healthy leg

30°/s
Concentric 114.3±35.8 174.0±44.0 129.1±42.7 163.9±49.3 <0.01
Eccentric 144.7±39.9 220.3±58.0 157.5±53.4 189.4±55.0 <0.001

120°/s
Concentric 102.5±27.3 141.9±34.1 110.4+32.5 138.6±36.4 <0.05
Eccentric 146.5±36.5 210.0±50.3 155.5±52.3 195.7±56.5 <0.01

240°/s
Concentric 83.2±22.8 110.0±27.6 86.1±24.2 104.3±25.1 <0.07
Eccentric 143.4±37.9 203.7±52.3 150.0±47.9 188.0±51.2 <0.02



not harm the ACL reconstruction. However, a longer fol-
low-up would be needed to confirm this definitively. We
know from several animal studies (e.g., [27, 29]) that
some strain on a healing ligament produces a stronger lig-
ament, although we do not know how much strain is ex-
cessive. Both the OKC and the CKC exercises performed
in the present study were carefully controlled. Therefore
they probably did not lead to excessive strain on the graft.
Irrgang et al. [16] have reported good results with a con-
trolled OKC training. It is our belief, in agreement with
Bynum et al. [4], that unrestricted OKC exercises might
place too much strain on the ACL graft. Therefore we
strongly recommend the OKC training to be performed
under controlled conditions and to start from week 6 after
the ACL reconstruction.

As in earlier studies (e.g., [7, 9]) we found the quadri-
ceps muscle very vulnerable in patients undergoing ACL
reconstructions. In spite of a 6-month intensive rehabilita-
tion program our patients did not fully regain the quadri-
ceps torque of their reconstructed leg. However, the pa-
tients who trained their quadriceps with CKC plus OKC
exercises showed a significantly greater improvement in
their quadriceps torque than those who carried out only
CKC exercises. This was most evident in eccentric mus-
cle torque and is probably due to the use of isokinetic
training, which allows specific eccentric loading. Our re-
sults indicate that the quadriceps needs OKC training to
regain good muscle torque. This is also in agreement with
Davies [6], who has pointed out the importance of addi-
tional OKC exercises to restore total muscle function.

Twelve of the 22 patients who followed a quadriceps
strengthening program with both OKC and CKC exer-
cises (group 2) and only five of 22 who trained with only
CKC (group 1) returned to the same sports and activity
level postsurgery as before they were injured. Quadriceps
torque may play a role in return to sports, since the pa-
tients in group 2 showed greater improvement of their
quadriceps than those in group 1. Furthermore, the side-
to-side differences 6 months postsurgery were less in
group 2 than in group 1, meaning that the patients in
group 2 had recovered their quadriceps strength better.
The patients in group 2 also returned to sports 2 months
earlier than those in group 1 without altered knee joint
stability. This is in agreement with the findings of Glas-
gow et al. [12], who compared two groups, one early and
one late returning to sports 2–6 months and 7–14 months

after ACL reconstruction. An early return to physical ac-
tivity did not predispose the patients to a less satisfactory
clinical outcome [12]. Our isokinetic OKC training proto-
col for quadriceps strengthening evidently improved the
group 2 patients’ possibility of returning to sports earlier
and at the same level as before they were injured. This
means that there probably is a need for additional OKC
quadriceps training to be able to return to high level of
sports after ACL reconstruction. We recommend OKC
training.

Patients evaluated their knee function on average 31
months after ACL reconstruction and answered whether
they were satisfied with their knee function. The two
groups were equally satisfied. However, it should be
pointed out that 15 of 22 patients in group 1 and only 8 of
22 in group 2 had reduced their activity level and/or
changed to a less knee demanding sport. Furthermore, 10
of 15 of group 1 patients and only 3 of 8 of group 2 pa-
tients did so because of impaired knee function. Since the
two groups of patients were operated on with the same
standardized technique and rehabilitated by the same
physical therapist, this indicates that CKC exercises alone
are not sufficient for a good outcome in terms of return to
physical activity after ACL reconstruction. This is in
agreement with Snyder-Mackler et al. [25], who con-
cluded that CKC exercises alone do not adequately stimu-
late the quadriceps muscle to normal knee function. On
the basis of this study, we agreet with Wilk et al. [28] that
a rehabilitation program should combine various exer-
cises including both OKC and CKC, and that a mixture of
the two best facilitates the patient’s return to full, unre-
stricted physical activity.

Conclusion

We conclude that a combination of CKC and OKC
quadriceps exercises is better than strengthening the
quadriceps with only CKC exercises after ACL recon-
struction, since this leads to significantly better quadri-
ceps muscle torque and significantly earlier return to the
original sports at the same level as prior to injury without
compromising knee joint stability.
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Introduction

When reviewing the literature of complications to ACL
surgery, Petsche and Hutchinson [18] found failure to re-
gain full knee extension following anterior cruciate liga-
ment (ACL) reconstruction to be the most common com-
plication. An extension deficit after an ACL-reconstruc-
tion leads to a prolonged rehabilitation and sometimes
even to further surgery [2, 5, 13, 15, 16]. Being able to

prevent this complication is therefore essential. The fre-
quency of extension deficit has been estimated to vary be-
tween 4% [5] and 74% [13].

Extension deficit after ACL-reconstruction can be pre-
vented in many ways. Anterior-intercondylar-notch scar
tissue is reported to be the most common cause of exten-
sion deficit of the knee joint [1, 2, 7, 8, 22, 23]. This can
be explained by a mechanical block due to impingement
on the roof of the notch, which leads to prevention of ter-
minal knee extension. Non-anatomic placement of the

Abstract It has been our observa-
tion that post-operative anterior cru-
ciate ligament (ACL) braces together
with the post-operative bandages do
not always allow the knee to reach
full extension. In ten uninjured knees
with known hyperextension, the
knees were bandaged in the same
way as after an ACL-reconstruction.
The knees were then studied radio-
logically in a Hypex brace set at 0°,
–5° and –10° of knee extension. Not
a single knee was found to be straight
in the brace set at 0°. At –5° most of
the knees were straight or in slight
hyperextension. It took –10° to get
all knees straight or in hyperexten-
sion. In a prospective randomised
study 44 patients who underwent an
arthroscopic ACL-reconstruction
with a bone patellar tendon bone graft
were randomised to use either a brace
set at –5° or a straight brace (0°) for
at least the first three postoperative
weeks. Before and three months after
surgery range of motion was deter-
mined, using a goniometer with long

arms, and sagittal knee laxity was
measured with a KT-2000 arthrome-
ter at manual max. Pre- and post-op-
erative pain was evaluated with the
Visual Analogue Scale (VAS). The
same examiner (blindfolded to what
type of brace was used) performed
all the measurements. At three
months, two of the 22 patients with
the brace set at –5° and twelve of the
22 patients with the straight brace
had a loss of full extension of 2° or
more (p<0.001). No significant dif-
ferences were found between the
groups in terms of knee flexion,
sagittal knee laxity or post-operative
pain. Although extension deficit after
ACL-reconstruction can be pre-
vented also in other ways, a Hypex
brace set at –5° seems to be an easy
way of ensuring full knee extension.
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graft during intraarticular reconstruction is another reason
for extension deficit [2, 5, 6, 7, 11, 15]. In order to evalu-
ate whether tibial tunnel placement had any effect on
range of motion Romano et al. [20] controlled the radio-
graphs of ACL-reconstructed patients. They found that
the further anterior the tibial tunnel was placed the higher
the degree of extension deficit. A third reason could be
the time of the ACL-reconstruction. It has been reported
that acute ACL-reconstruction leads to a higher number of
patients with extension deficit [16, 22]. Therefore, a num-
ber of authors recommend delaying the ACL-reconstruc-
tion until acute swelling has resolved, and range of mo-
tion and the function of quadriceps have improved (e.g.
[16, 22]). In contrast to this, Majors and Woodfin [14]
concluded in a retrospective review that the timing of the
ACL-reconstruction does not affect post-operative range
of motion, whilst an appropriate physical therapy program
has a good effect on range of motion. Shelbourne and Pa-
tel [24] recommend a posterior splint and stretching exer-
cises. In our experience we have had some good results by
placing the patient in prone position with the knee cap
outside the table and allow the knee to passively hang in
full extension.

In a large number of normals some degree of hyperex-
tension of their knees is normally present. It is, however,
unusual that patients recover this hyperextension after an
ACL-reconstruction. As a matter of fact, many operations
lead to an extension deficit [2]. Eriksson [3] and Shel-
bourne and Patel [24] have suggested that one perhaps
should put the patients in a brace in slight hyperextension
post-operatively. The hypothesis of the present study was
that when patients after ACL-reconstructions are put in an
ordinary straight post-operative brace, the knees are in re-
ality lying in slight flexion, and if one placed them in
slight hyperextension instead a post-operative extension
deficit might be avoided.

Material and method

The present investigation was approved by the Karolinska Hospi-
tal ethics committee.

Radiological examination

The effect of a post-operative bandage and a brace in straight posi-
tion and in different degrees of hyperextension was studied in both
knees with known hyperextension in five healthy female subjects.
Long lateral X-rays were obtained after their knees had been ban-
daged by an operating nurse in the same manner as after an ACL-
reconstruction.

X-rays were obtained when the brace, a Hypex® brace (Firma
Albrecht GmbH, Stephanskirchen, Germany) was set at 0°, –5°
and –10° of knee extension. Two independent radiologists judged
the X-rays. A careful control that the brace really was straight
when set at 0°, and was in –5° and in –10° respectively when set at
these values, had also been performed.

Patients and post-operative bracing

Fifty-four patients scheduled for arthroscopic ACL-reconstruction
with a bone patellar tendon bone graft were randomised to either
use a straight post-operative brace (straight brace group) or one set
at –5° of knee extension (hyperextension brace group). The pa-
tients were instructed to use the brace for at least three weeks; they
were only allowed to take off the brace during daytime for range of
motion exercises in both extension and flexion, but told to sleep
with it at night.

Ten patients (five from each group) who did not return for the
clinical examination and measurements at the three month follow-
up were regarded as drop-outs. Therefore, the study population in-
cluded 44 patients, 22 in each group. Anthropometric data about
the patients are presented in Table 1. Twenty-six patients were soc-
cer players, 13 from each group, and seven were alpine skiers,
while the rest of the patients were physically active in sports such
as basketball, team handball, tennis and beach volleyball.

Clinical examination/measurements

Post-operative pain was evaluated the day after surgery using the
VAS (0–100 mm, where 0 means “no pain” and 100 “maximal
pain”). Before and three months after surgery knee extension and
knee flexion were measured using a goniometer with long arms
[9]. The same examiner performed all these measurements. Sagit-
tal knee laxity was also measured before and three months after
surgery with a KT-2000 arthrometer at manual max. These mea-
surements were carried out by the same examiner, who also per-
formed a test-retest of the intra-reliability of the KT-2000 mea-
surements at three different times within one week.

Statistics

A power analysis was performed. Data were summarised with stan-
dard descriptive statistics (mean value±SD, median and range).
Differences between groups were calculated using Student’s t-test
for independent variables and within groups for dependent vari-
ables. Correlations were done using Pearson´s coefficient of corre-
lation test. A P-value less than 0.05 was considered significant. All
P-values are two-tailed.

Results

When the lateral X-rays of the 10 knees of the five healthy
subjects were judged, it was found that with the brace set
at 0° of knee extension not a single knee was straight.
They were lying in different degrees of flexion (Table 2).
Even when the brace was set at –5° there were still some
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Table 1 Anthropometric data with regard to age, gender, and
ACL-reconstructed side in each group (n=44). SB-group Straight
brace group, HB-group hyperextension brace group

SB-group HB-group
n =22 n =22

Age (years): median (range) 28 (17–49) 24 (16–40)
Males 21 19
Females 1 3
Right knee 13 10
Left knee 9 12



knees in slight flexion. The inter-observer correlation be-
tween the judgments by the two radiologists was 94%.

There was no significant difference between the groups
in post-operative pain (VAS: median=49.5 mm in the
straight brace group and median=44 mm in the hyperex-
tension brace group).

At three months, twelve patients from the straight brace
group and two patients from the hyperextension brace
group showed a loss of full knee extension of ≥2° (P<
0.001).Within the straight brace group a loss of full exten-
sion of 2° (n=2), 3° (n=5), 5° (n=4) and 7° (n=1) was found,
and within the hyperextension brace group of 5° (n=2).

At three months there was no significant difference in
knee flexion between the straight brace group (mean=
141°±9.6°) and the hyperextension group (mean=145°±
6.5°).

There was no significant difference in sagittal knee
laxity between the two groups at three months. The side-
to-side differences in sagittal knee laxity were 3.0 mm for
the straight brace group and 3.6 mm for the hyperexten-
sion brace group. The intra-reliability of the KT-2000
measurements at manual max of the right and left knee
was rtt=0.949 and rtt=0.984, respectively.

No complications were encountered during the study
period.

Discussion

Immediate emphasis on obtaining full knee extension is
the most important factor in preventing loss of extension
after ACL-reconstruction [21]. In the present investiga-
tion we compared bracing at 0° with bracing at –5° of the
knee joint in ACL-reconstructed patients. Our hypothesis
was that a brace keeping the knee in hyperextension for
the first three post-operative weeks could reduce the risk
of developing an extension deficit. It is also evident from
this study that a bandaged knee in a brace set at 0° is ly-
ing in slight flexion. Jagodzinsky et al. [10] have, how-
ever, pointed out that in such radiological measurements
of the degree of extension there is a difficulty of obtaining
a correct measurement, and that this could lead to an error
of about 5°. In the present study we used lateral long 
X-rays and two trained radiologists, who independently
judged the X-rays with a high inter-examiner correlation
in order to try to avoid bias. In another study Jagodzinsky
et al. [9] pointed out that clinical measurement of the de-

gree of extension or flexion of the knee joint has a certain
error. They concluded that the longer the goniometer
arms, the smaller the error. Therefore, we chose to use a
goniometer with long arms.

On the basis of the results of the present study one
could have considered using a brace set at –10° of knee
extension post-operatively. Since in Italy heparin has to be
given post-operatively to all patients (by law) and relatively
large subcutaneous haematomas therefore often develop,
we were afraid that forcing the knees into –10° might be
too painful. Therefore, a brace set at –5° was chosen. In
our control of post-operative pain, there was, however, no
difference between the two groups.

A significant difference in loss of complete knee ex-
tension (0°) was found between the two groups. Out of the
twelve patients from the straight brace group that had loss
of full extension, five had a more advanced deficit of 5° or
more, which most likely is a disadvantage for knee func-
tion. Only two patients from the hyperextension brace
group showed a 5° loss of full extension. It is evident that
the use of a post-operative brace set at –5° is a simple way
of preventing extension deficits after ACL-surgery. It can
be argued that an extension deficit as small as 2°–3° does
not play any role in functional outcome. This is probably
true for a non-physically active population. However, for
athletes [18] and in particular elite athletes in sports such
as gymnastics and ballet dance for instance, such an ex-
tension deficit is a serious complication, leading to pro-
longed rehabilitation and subsequently also a delay in re-
turning to sport. Furthermore, Shelbourne and Trumper
[25] reported the importance of regaining full knee exten-
sion in order to prevent anterior knee pain. In a controlled
study they found that immediate postoperative hyperex-
tension of the knee will prevent anterior knee pain without
compromising long-term knee stability. This is in line
with the result of the present investigation which showed
that knee stability was the same in both groups regardless
of whether a brace was set at 0° or –5° of hyperextension.

When deciding at what angle the Hypex brace should
be set after surgery, the degree of hyperextension of the
contralateral healthy knee should be taken into considera-
tion. If that knee has a hyperextension of –10°, the Hypex
brace should probably be put in –10°.

We do not know how well the patients complied with
our bracing program and if they really used their braces
for three weeks as they were told. However, the fact that
we have found a highly significant difference between the
groups in loss of complete knee extension indicates that they
probably followed our instructions.

It could also be argued that the brace set at 0° might have
prevented some of the patients with pre-operative hyper-
extension from regaining this after surgery. The fact that
loss of some degree of extension is so common after
ACL-surgery speaks against that, however.

Several prospective randomised studies on a post-oper-
ative brace versus no brace at all after ACL-reconstruc-
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Table 2 Mean and range of measured angles of the knee joint
when studied on long lateral X-rays with long films. All were in-
dependently judged by two radiologists with an inter-examiner ac-
curacy of 94%. (n=10)

Brace Mean Range

0° +2.8° +1.5° to +4°
–5° –2.5° +1.5° to –7°
–10° –4.1° –0.5° to –9°
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tions [12, 17, 19] have shown no need for any braces at
all. However, these studies did not particularly focus on
loss of full knee extension but on the general functional
outcome. In spite of these studies many orthopaedic sur-
geons still use a post-operative brace. Irrgang and Harner
[7] recommend an extension drop-out cast to be used at
night, which is somewhat similar to the bracing therapy
that we used in the present study.

In a prospective randomised study Feller et al. [4] eval-
uated the use of an extension-assisting brace after ACL-

reconstruction. They found no difference in extension
deficit between their brace group and their controls at four
months. They believed this was due to satisfactory tunnel
placement and good rehabilitation. Their braces were,
however, not forcing the knees into hyperextension as in
the present study with the Hypex brace.

We conclude, that the use of a Hypex brace set in hy-
perextension for at least three weeks after ACL-recon-
struction seems to be an easy way of preventing a cum-
bersome extension deficit of the knee joint.
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Purpose: The aim of the present study was to evaluate the frequency of anterior knee pain 

(AKP) before and after anterior cruciate ligament (ACL) reconstruction and to compare the 

frequency of AKP after using the central or the medial patellar tendon as a graft, respectively. 

A second aim was to study whether there was a gender difference in the amount of AKP. A 

third aim was to study the existence of possible correlations between AKP and quadriceps 

weakness. Methods: Thirty five patients were evaluated with an AKP score before ACL 

reconstruction with patellar tendon graft and on an average 8.4±2.6 months after surgery. This 

knee score involves different categories typical for AKP patients. It comprises 0-50 points and 

is provided with the following determinations in terms of AKP:  47 points = excellent, 42-46 

points = good, 33-41 points = fair, and  32 points = poor result. The reliability of the score 

was r=0.96 (P<0.0001). A Kin-Com dynamometer was used for recording quadriceps and 

hamstring torques before and after (mean 8.4±2.6 months) the ACL reconstruction. Results:

Thirty out of 35 ACL reconstructed patients reported less AKP after surgery (mean 41.9±7.5 

points) compared to before (mean 31.2±10.9 points), P<0.0001. No significant differences in 

the amount of AKP between the central or the medial patellar tendon grafts were found. No 

significant gender differences in terms of AKP were shown either before or after ACL 

reconstruction. There was no correlation between the degree of AKP and the quadriceps 

torque. Conclusions: Our bone-patellar tendon-bone ACL reconstructions led to a reduction 

of AKP from what the patients had before surgery irrespective of whether the medial or the 

central part of the patellar tendon was used as a graft. There were no gender differences 

regarding AKP. No correlation was found between quadriceps torque and AKP. Level of 

Evidence: II:1.

Key words: patello femoral pain – functional outcome score – quadriceps torque – gender   
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INTRODUCTION 

Anterior cruciate ligament (ACL) injury is a serious traumatic injury that has become a 

frequent problem especially in the athletic population. Most orthopaedic surgeons worldwide 

agree that reconstruction of the ACL is needed to provide the best possible treatment in those 

who wish to return to high level of sports. The goal of ACL reconstruction is not only to 

obtain a mechanically stable knee joint but also to improve knee function, which means 

absence from pain and swelling as well as giving way during or after physical performance. 

The patellar tendon ACL reconstruction has traditionally been advocated as the gold 

standard.1 During the last decade the importance of both objective clinical outcome and the 

patient´s subjective evaluation of the surgical procedure and the rehabilitation has been the 

focus following ACL reconstruction. This has led to the development of a number of different 

outcome measures. One of these is to evaluate anterior knee pain (AKP). 

AKP after ACL reconstruction has been reported to occur in between 20% and 40% according 

to the literature. 2-3 AKP is suggested to be a main postoperative complication following ACL 

reconstruction using the patellar tendon. 4-11  However, hitherto there are only a few 

prospective randomized studies that can confirm this assumption. Ejerhed et al 12 and recently 

Laxdal et al 10 and Svensson et al 13 measured AKP with the knee-walking test 14 both prior to 

and after ACL reconstruction comparing patellar tendon and hamstring grafts. Two years after 

the ACL surgery they found more AKP among the patients with a patellar tendon graft than 

those that were reconstructed with a hamstring graft.  

The pathophysiological background for developing AKP after ACL reconstruction is, 

however, disputed. Some authors mean that it is an extensor mechanism disorder with 

radiographic abnormalities 4 and/or resulting in patellar malalignment during flexion and 

extension of the knee joint. 15 This extensor mechanism disorder might lead to a reduced 

quadriceps strength which is often observed after ACL reconstruction. 4, 16-17 In a study of 

ACL reconstructed patients Sachs et al 18 reported quadriceps weakness to be intimately 

related to AKP. Furthermore, it is generally believed and also reported by a number of authors 

that AKP occurs more often in females than in males. e.g. 19-20 

The use of the central third of the patellar tendon for ACL reconstruction was first described 

by Jones in 1963 21 and has since then been widespread when performing bone-patellar 
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tendon-bone ACL reconstruction. When our group at the Karolinska hospital in Stockholm, 

Sweden started reconstructing the ACL with patellar tendon in the 1960-1970:s, we used the 

medial third of the patellar tendon. The frequency of AKP in this group of patients was, 

however, only 13%. 22 We therefore wondered if the high frequency of 20-40% reported by 

others 2-3 could be due to the use of the central third of the patellar tendon. 

In earlier publications AKP has often been recorded solely after ACL reconstructions. 

Therefore, the main aim of the present study was to evaluate the frequency of AKP both 

before and after ACL reconstruction and to compare the use of central and medial patellar 

tendon grafts, respectively. Another aim was to study whether there was a gender difference 

in the amount of AKP. A third aim was to study the existence of possible correlations 

between AKP and quadriceps weakness.  
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METHODS 

Patients 

The present prospective investigation comprised 35 consecutively ACL reconstructed 

patients, 20 males and 15 females, mean age 23.8±2.9 and 22.7±4.6 years, respectively.  

The central as well as the medial third of the patellar tendon were used and all surgical 

procedures included a mini-arthrotomy. Postoperatively the knee was braced allowing 0-90

of motion for 6 weeks. Immediate weight-bearing was also allowed. All patients followed the 

same physical therapy rehabilitation protocol for at least six months after surgery. There were 

no gender differences concerning the time preceding the ACL reconstruction from the time of  

injury. It was performed on an average 18.0±24.2 months for males and 11.8±12.4 months for 

females from the time of injury. Further patient demographics are reported in table 1.  

The study was approved by the Ethical Committee of the Medical Faculty, Karolinska 

Institutet, Stockholm, Sweden. All patients gave their informed consent to participate. 

Functional knee score for anterior knee pain  

A functional knee score for AKP 23 (Table 2) was used both before and on an average 8.4±2.6 

months after ACL reconstruction for both males and females. This score is a modification of 

the Lysholm Knee Scoring Scale, which originally was designed to evaluate patients with 

ACL injury, meniscus lesion or Chondromalacia Patellae. 24 The knee score used in the 

present investigation consists of different categories that test common AKP and those of ACL 

injuries. It comprises 0-50 points and is provided with the following determinations in terms 

of AKP:  47 points = excellent, 42-46 points = good, 33-41 points = fair, and  32 points = 

poor result. In order not to misunderstand any question of the score the patients answered 

each question supervised by one and the same examiner as well before as after surgery.  

In order to check the reliability of the score used in the present study 30 patients with AKP 

solely answered the score twice within 1-2 weeks interval. This was done at the same time of 

the day at both test occasions. Between the testings they were encouraged to “live as usually” 

without changing any of their ordinary physical habits. The score showed a reliability of 

r=0.96 (p<0.0001) according to the Kendall correlation test. 
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Isokinetic measurements  

A Kin-Com® dynamometer (Chattecx Corporation, Chattanooga, TN, USA) 25 was used  

for recording quadriceps and hamstring torques before and on an average 8.4±2.6 months 

after ACL reconstruction. This was performed during both concentric and eccentric actions at 

30°, 120° and 240° angular velocity and within the range of motion of 10°-90° knee flexion. 

The subjects sat with the thigh supported, with 90° hip flexion, a support for their low back, a 

fixation girdle around the pelvis and their arms folded. The center of motion of the lever arm 

was aligned as accurately as possible with the slightly changing flexion-extension axis of the 

knee joint and the resistance pad was placed just proximal to the lateral malleus. 

Determinations were repeated at least three times and consecutive recordings for 

reproducibility were obtained while superimposing the last record on the preceding ones on 

the computer monitor. Only closely similar recordings of the highest observed amplitude were 

accepted to exclude measurements at obvious submaximal effort. 26-27 Torque values were 

corrected for gravitational force. 28 For comparisons of voluntary strength the mean torque 

within a movement range of 20°-80° was used for the following reasons: a) the movement 

velocity was constant within this range of motion, b) the time from the start of movement to 

that point of the range from where the results were reported would be approximately equal 

for concentric and eccentric trials, and c) thus all measurements were performed with a 

similar muscle length of each individual. 27

Statistics  

All variables were summarized using standard descriptive statistics (mean, standard deviation 

and frequencies). The distributions of all variables were checked for skewed distributions and 

outliers. All distributions were approximately normal. Thus, the change in AKP from pre- to 

post-surgery was analyzed with an analysis of variance (ANOVA) for repeated 

measurements. An ANOVA for repeated measurements was also performed for the 

differences between legs and quadriceps torque and hamstring torque. Relationships between 

variables were expressed as Pearson’s product moment correlation coefficients for normally 

distributed variables while Kendall’s rank correlation coefficients was used for skewed 

distributions. The level of significance was five percent in all analyses (two-tailed). 
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RESULTS

Thirty out of 35 ACL reconstructed patients reported less AKP after surgery (M=41.9±7.5) 

compared to before (M=31.2±10.9), P<0.0001. Table 3 presents the number of patients with 

different degree of AKP before and after ACL reconstruction. No significant differences in 

the amount of AKP between the central and the medial patellar tendon grafts were found.  

No significant gender differences in terms of AKP were recorded neither before nor after 

ACL reconstruction [F (1 iu 33) <1.00, P=0.687]. There was no gender difference in terms of 

change of AKP before versus after ACL reconstruction [F (1 iu 33) <1.00, P=0.673].

The quadriceps torque was calculated as one unit with males and females together, concentric 

and eccentric muscle contractions together and measurements at all the three angular 

velocities studied. There was no correlation between the degree of AKP and quadriceps 

torque. On an average 8.4±2.6 months after ACL reconstruction the side-to-side reduction of 

quadriceps torque was 25% compared to that of the hamstrings, which was 8% (P<0.001). 
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DISCUSSION 

One of the main arguments against patellar tendon ACL reconstructions today is that it should 

lead to a higher frequency of AKP than a hamstring ACL reconstruction. This appears to be 

true in the majority of studies. However, these studies are mostly performed retrospectively. It 

is difficult and even non-scientific to judge the degree of post-operative AKP if the amount of 

pre-operative AKP is not known. The number of prospective studies of AKP is very sparse. 

This is surprising since AKP has been reported to be a common finding after ACL 

reconstruction not only after patellar tendon 4-11 but also after hamstring ACL reconstruction. 
29

In the present investigation we found significantly more AKP before patellar tendon ACL 

reconstruction than after. We used a reliable functional AKP score that covers a variety of 

different functional activities that AKP patients often have problems with due to their knee 

pain. This score includes questions of how they manage to perform daily activities such as 

walking and running, stair walking, squatting and sitting with flexed knees. Furthermore, the 

patients inform us about their symptoms such as the degree of knee pain, when it occurs, and 

whether they experience a feeling of patellar instability or not. 

In prospective studies Ejerhed et al 12 and Svensson et al 13 compared patellar tendon and 

hamstring ACL reconstructions in terms of AKP. After a period of two years they reported 

significantly more AKP in patients that were reconstructed with a patellar tendon graft. They 

judged AKP by the knee-walking test. 14 The knee-walking test might, however, be classified 

as a non-physiological test since very few patients normally walk on their knees in their daily 

life. In our department patients who perform a lot standing on their knees like carpet floorers, 

goal keepers in floor ball or wrestlers, for instance, have had exercises standing on their knees 

included in their rehabilitation. They have then been able to return to their original work or 

sport without any problems standing on their knees. However, in this study nobody had that 

type of work or performed that type of sports. If patients who normally never walk on their 

knees are asked to walk on their knees after a patellar tendon ACL reconstruction it is not 

surprising that they report a high frequency of knee complaints. Our good result in terms of 

relatively little AKP after ACL reconstruction might also be due to our specific postoperative 

rehabilitation. 
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In the present investigation there was no significant difference in terms of AKP between 

patients operated with central or medial patellar tendon grafts. The relatively low incidence of 

AKP reported previously by our group with the medial part of the patellar tendon earlier 22

therefore also might be due to our rehabilitation. 

We found no gender differences regarding AKP neither before nor after ACL reconstruction. 

This is in agreement with Barber-Westin et al 30 and Ferrari et al. 31 This means that patellar 

tendon ACL reconstruction is useful as a surgical technique irrespective of gender.  

In the present investigation no correlation was found between quadriceps weakness and AKP. 

This is in contrast to the report by Sachs et al 18. However, in their study mean quadriceps 

index (side-to-side comparisons) was reported to be only 66.2% 18 compared to ours that was 

75%. This might explain why we did not find any correlations between quadriceps weakness 

and AKP. We believe that the less difference in quadriceps index the less AKP. Whether the 

way of measuring AKP plays any role in this respect is difficult to determine. Sachs et al 18

evaluated AKP as a combination of patellar irritability (when the examiner palpated the 

medial and lateral patellar facets) and patellofemoral pain during active knee extension (while 

the examiner firmly pressed the patella into the trochlear groove). Contrary to that, we used 

an AKP score including a variety of functional activities that AKP patients often have 

problems with due to their knee pain. 

A possible limitation of our study could of course be the small number of patients included. 

Despite that we could statistically verify our results, which means that the sample size was no 

limitation of importance. Another argument against this study could be that it was performed 

during the time of mini-open ACL surgery and that a brace was used during the first 6 post-

operative weeks. Both groups received similar rehabilitation, though. Nor do we think that the 

arthrotomies could have influenced the degree of AKP, since it is lower than what has 

reported after arthroscopic patellar tendon ACL-reconstructions. 22

The strength of this study is the prospective design with evaluation of AKP before as well as 

after ACL reconstruction. A second strength is the complete compliance when answering the 

AKP score. This was made possible since one and the same examiner supervised each patient 

when he (or she) answered the questionnaire. In this way the score was not misunderstood by 

any of the patients. 
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In conclusion, bone-patellar tendon bone graft ACL reconstruction led to reduction of AKP 

compared to before surgery. After ACL reconstruction 23 patients (66 %) were “excellent” or 

“good” as measured by the functional AKP score compared to only seven patients (22 %) 

before surgery. No significant difference in terms of the amount of AKP was found between 

the use of the central or the medial part of the patellar tendon. No gender difference was 

observed concerning the degree of AKP before as well as after ACL reconstruction. No 

correlation was found between the degree of AKP and quadriceps torque. 
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Table 1.  Side of the ACL injury and part of patellar tendon used   
  for reconstruction, the central or the medial third. n=35  

 Left knee Right knee Central third Medial third 

Males 5 15 12 8 

Females 5 10 13 2 
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Table 2. Functional knee score for anterior knee pain (50-0 points) 
  The patients were instructed to encircle all points that corresponded  
  with them in terms of knee problems and the least point in each category  
  was counted. 
__________________________________________________________________

Pain       Squatting 
None     15  No problems    5 
Slight and infrequent  12  Minor problems    4 
During or after running  10  Difficulties     2 
While climbing stairs  8  Unable to     0 
After > 2 km walking  6 
After < 2 km walking  5  Walking upstairs 
During ordinary walks  3  No problems    5 
After sitting with flexed  2  Minor problems    4 
knees > 30 min     Difficulties     2 
Constant pain   0  Unable to     0 

Limp       Walking downstairs 
None     5  No problems    5 
Slight or periodic limp  3  Minor problems    4 
Constant limp   0  Difficulties     2 
       Unable to     0 
Arretations 
Never     5  Swelling 
Sometimes    3  None      5 
Often     0  Some swelling after running  4 
       Some swelling after walking  2 
Feeling of instability    Constantly swollen   0 
Never     5 
Sometimes    3 
Often     0 
__________________________________________________________________

Excellent  47 
Good 42-46 
Fair 33-41 
Poor  32 
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Table 3.  Anterior knee pain (AKP) as measured with a functional knee score (0-50 points, 
  0 means severe knee pain, 50 means no knee pain) before and after ACL  
  reconstruction. The result is given as the  number of patients in different groups 
  presenting the degree of their AKP. n=35  

Degree of AKP (points) Before After 

Excellent  47 1 13 

Good 42-46 6 11 

Fair 33-41 13 7 

Poor  32 15 4 
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Abstract     

The aim was to study possible relations between anterior knee laxity, knee function, 

personality and return to sports. Another aim was to check whether knee instability could 

distinguish patients that returned to pre-injury activity level after ACL reconstruction from 

those that did not. The study comprised 49 physically active patients that had undergone  

ACL reconstruction on average 7,2 years earlier. All patients had been evaluated with KT-

1000 after their surgery and postoperative rehabilitation. Anterior knee laxity was assessed 

with the KT-1000, functional outcome with Knee Injury and Osteoarthritis Outcome Score 

(KOOS) and personality with Swedish universities Scales of Personality (SSP). All patients 

showed a more stable knee joint at the follow-up (p<0.001). Irrespective of side or time of 

measurement a tendency was that the group that returned to sports at pre-injury level was 

more stable, measured with KT-1000, than those who did not (p=0.088). These patients also 

had a significantly better functional outcome (KOOS) and a lower degree of Somatic Trait 

Anxiety (p=0.01), Psychic Trait Anxiety (p=0.001) and Stress Susceptibility (p=0.003) (SSP). 

Thus, return to sports may be more related to personality characteristics than to instrumented 

anterior knee laxity.  

Key words 

ACL injury, functional outcome, KOOS, KT-1000 arthrometer, personality characteristics, 

physical activity. 



INTRODUCTION

Anterior cruciate ligament (ACL) injury is one of the most common serious sports related 

injuries and the injury that leads to the largest number of a so called sports disability in 

Sweden (Folksam Insurance Company, 1994). Irrespective of type of sport an ACL injury 

often occurs after a rapid deceleration or change of direction (Noyes et al., 1983). Due to the 

long lever arms of femur and tibia, major forces at the knee joint lead to the typical trauma 

when the ACL is torn (Fridén et al., 1997). The ACL contributes 86% of the resistance when 

tibia is forced forwardly in relation to femur (Butler et al., 1980). Subsequently, the ACL 

plays an important role for stabilizing the knee joint. Currently many orthopaedic surgeons 

maintain that an ACL reconstruction is required in order to regain the loss of function of the 

knee joint that is traumatized by virtue of an ACL injury (Clancy et al., 1988; Andersson & 

Gillquist, 1992; Shelbourne & Gray, 1997). 

There are a variety of methods for objective evaluation of knee joint stability. Some of these 

are based on radiological examination (Jakobsen, 1976; Torzilli et al., 1981; Kärrholm et al., 

1988), while others, which are more common, are based on clinical methods and often 

instrumented laxity arthrometers (Markolf et al., 1978; Daniel et al., 1985; Neuschwander et 

al., 1990; Un et al., 2001). The KT-1000 arthrometer (MEDmetric Corp., San Diego, 

California) is the most commonly used instrument for determination of sagittal anterior as 

well as posterior knee laxity (Daniel et al., 1985). Some authors have reported the KT-1000 

arthrometer to be both reliable and valid (Daniel et al., 1985; Sherman et al., 1987; 

Neuschwander et al., 1990; Rangger et al., 1993). However, in contrast others have found its 

reliability and validity questionable (Forster et al., 1989; Graham et al., 1991; Isberg et al., 

2006). The most important factor concerning the use of KT-1000 is that one and the same 

examiner well familiar with the instrument performs all the measurements (Neuschwander et 

al., 1990; Sernert et al. 2001). 

Despite the fact that sagittal knee laxity, measured with KT-1000, has been shown to be 

poorly correlated to knee function at long-term follow-ups (Seto et al., 1988; Eastlack et al., 

1999; Hrubesch et al., 2000) it is still commonly used by clinicians. Depending on graft 

placement Beynnon et al. (2001) found that an abnormal lengthening of the graft during 

flexion and extension immediately after fixation indicates a greater anterior-posterior laxity  

at follow-up with KT-1000 five years later.  



There are a number of outcome scores for evaluating knee function after ACL reconstruction 

(Noyes et al., 1977; Lysholm et al., 1982;  Müller et al., 1988; Hefti et al., 1993). A few years 

ago Hrubesch et al. (2000) studied 44 patients that had undergone ACL reconstruction 9-36 

months earlier. They compared the results from seven different scores with measurements of 

sagittal knee laxity. The results varied depending on the score systems. This clearly indicates 

difficulties judging the validity of each score. Only two out of these seven scores, the 

International Knee Documentation Committee form and the Orthopadische Arbeitsgruppe 

Knie questionnaire, showed a good/positive correlation with the KT-1000 measurements. 

These two positives were also the only scores where measurement of sagittal knee laxity 

belonged to the score as one item of evaluation.  

In long-term follow-ups the time for the patient to return to his (or her) pre-injury level of 

sport is another important aspect. In a retrospective investigation Glasgow et al (1993) studied 

the correlation between early (2 to 6 months) and late (7 to 14 months) return to vigorous 

physical activity, respectively and long-term clinical follow-up results after ACL 

reconstruction. Sixty-four patients were divided into two groups, early and late return to sport. 

At the follow-up, 46 months postoperatively, there was no significant group differences 

regarding symptoms, isokinetic thigh muscle torques and knee function. There was no 

correlation between time from injury to surgery and time from surgery to return to pre-injury 

level of physical activity. Nor was there any correlation between sagittal knee laxity, 

measured with KT-1000, and time for returning to pre-injury level of physical activity.      

However, a significant correlation was found between time of injury and surgery and sagittal 

knee laxity at the follow-up, where an acute repair of the ACL led to a lower mean difference 

of anterior-posterior laxity at follow-up (Glasgow et al., 1993). 

We have not found any studies in which personality and knee function, respectively, and 

return to sport at pre-injury level after ACL reconstruction have been correlated. The aim of 

the present investigation was therefore to evaluate possible correlations between anterior knee 

laxity, knee function, personality, respectively and return to sport in a group of young ACL 

reconstructed patients. Another aim was to check whether knee instability could distinguish 

patients that returned to pre-injury activity level after ACL reconstruction from those that did 

not. 



MATERIAL AND METHODS 

The present investigation was approved by the ethics committee at the Karolinska Hospital.  

Patients and inclusion criteria 

1. Patients were recruited among those that had undergone an ACL reconstruction with a 

bone-patellar tendon-bone graft at the Karolinska Hospital in Stockholm between 

January the 1st in 1993 and December the 31st in 1996.  

2. Out of these 169 patients we included those that a) at the time of surgery were below 

30 years of age, b) had been measured with KT 1000 by the same examiner when the 

rehabilitation period after the ACL reconstruction was completed, c) were physically 

active before the ACL injury occurred, and d) were living in Stockholm and its 

surroundings at the time of the present follow-up study (n=100). 

3. A written inquiry about participation was mailed out to those 100 patients.  

4. Thirty-six patients answered and 33 out of these accepted to participate. Repeated 

attempts were done by telephone calls in order to reach those patients that did not 

answer the written inquiry within two weeks (n=64). Twenty out of these accepted to 

participate. Thus 53 patients were scheduled for examination at the Karolinska 

Hospital. Four out of these did not show up at the scheduled visit leaving 49 patients 

that made the visit for a follow-up examination (Fig. 1).  

5. The patients were divided into two groups based on whether they had returned to pre-

injury activity level or not. The “pre-injury activity level” group (PAL) were those that 

after ACL reconstruction had returned to their pre-injury level of physical activity. 

The “not pre-injury activity level” group (N-PAL) were those that after ACL 

reconstruction did not return to their pre-injury level of physical activity. 

KT-1000 arthrometer   

Anterior knee laxity was measured bilaterally with the KT-1000 (MEDmetric Corp., San 

Diego, California) (Daniel et al., 1985) by the same examiner (CM) that had performed those 

measurements six to nine months after the ACL reconstruction. This examiner did not have 

access to the original knee laxity values at the follow-up examination.  

The KT-1000 measurements were performed with the patient in supine position and with a 

thigh support proximal to the knee joint that was placed in 25° of flexion as well as with a 



foot support. The patient was requested to relax his (her) thigh muscles. The KT-1000 was 

calibrated prior to each measurement. The measurements were performed three times on each 

leg starting with the contralateral healthy leg. If the values of the same leg were within 0,5 

mm from each other the measurement was accepted and the highest value was recorded. 

Values at 20 lb (89 N) and manual max were recorded. A side-to-side difference of  3 mm 

was defined as a mechanical laxity, which is in agreement with other authors (e.g. Daniel et 

al., 1985; Rangger et al., 1993).  

Self-report questionnaires 

At the follow-up examination at the Karolinska Hospital the patients answered four different 

questionnaires.

Knee Injury and Osteoarthritis Outcome Score (KOOS) (Roos et al., 1998; Roos et al., 1998). 

This questionnaire includes 42 items based on WOMAC Osteoarthritis Index (Bellamy et al., 

1988). These 42 items evaluate five different dimensions: symptoms, pain, daily activity 

function, function during leisure time and sport as well as knee related quality of life. Five-

items Likert scales are used for answering the different items. The calculation of the points is 

performed for each dimension and thereafter changed to a number in percent between 0 and 

100, where 100% is the best possible result, meaning no problems. KOOS has a good 

reliability and is valid for individuals with ACL injuries (Roos et al., 1998). 

Tegner Activity Scale (Tegner & Lysholm, 1985) which has a good reliability, was used in a 

somewhat modified version due to an addition of a number of new sports such as floor ball, 

rugby and snowboard that have been developed after the Tegner Activity Scale was published 

in 1985. The activity level was reported before the ACL injury occurred as well as at the time 

of the present follow-up examination.  

Swedish universities Scales of Personality (SSP) was used (Gustavsson et al., 2000). SSP is a 

revised, updated and psychometrically evaluated version of the widely used Karolinska Scales 

of Personality (KSP). The inventory was designed to measure personality traits, i.e. stable 

personality characteristics. SSP consists of 91 items divided into 13 scales (Table 1). Each 

item is a statement with a four-point response format, ranging from “Does not apply at all” to 

“Applies completely”. All scale scores are transformed to T- scores (mean=50, SD=10) based 

on a large sample randomly selected from the general population and standardized for gender.  



A high T-score means a high scale score. The different psychological traits of SSP are 

considered to be reliable and stable over time (Gustavsson et al., 2000).

Physical activity form 

A questionnaire about physical activity that has been published earlier (Mikkelsen et al.; 

2000) was used. This consisted of six questions about physical activity or sports: a) before 

ACL injury, b) after ACL reconstruction and completed rehabilitation, and c) whether the 

patient had returned to pre-injury level of physical activity. The alternatives of responses  

were ”yes” or ”no”. Four out of the six questions also had attached questions, for instance: 

Have you returned to sport at pre-injury level? If the answer was “yes” the following attached 

question was: When (number of months) after the ACL reconstruction did you return to pre-

injury level of sports?

Statistical methods 

All variables were summarized using standard descriptive statistics (e.g. mean, standard 

deviation and frequencies). The distributions of all variables were checked for skewed 

distributions and outliers. For skewed distributions non-parametric methods were applied. 

Thus, the differences between the groups for the KOOS variables were analyzed with  

Mann-Whitney rank test. All other variables were approximately normally distributed.  

Group differences were analyzed with Student’s t-test or analysis of variance (ANOVA) for 

repeated measurements. Leg (operated or non-operated) and time (before or after surgery) 

were regarded as repeated or dependent measurements. The ANOVAs differences in anterior 

knee laxity between operated and non-operated knee appeared as a main effect, and group 

differences in leg differences as an interaction effect. Relationships between variables were 

expressed as Pearson’s product moment correlation coefficients for normally distributed 

variables, while Kendall’s rank correlation coefficients were used for skewed distributions. 

Differences in frequencies for discrete variables were analysed with the χ2-test (Fisher’s exact 

test when the expected number of cases were below six). The level of significance was five 

percent in all analyses (two-tailed). 



RESULTS

At the long-term follow-up examination (mean 7.2 years) after ACL reconstruction 18 

patients, 14 males and 4 females (mean age 31.3 years, range 26-38 years) reported that they 

had returned to pre-injury level of sport (PAL group). Thirty-one patients, 14 males and 17 

females (mean age 29.0 years, range 22-36 years) had not returned to their pre-injury level of 

sport (N-PAL group). There were a significantly smaller number of females (p=0.026) that 

had returned to pre-injury level of sporting activity. The PAL group was significantly older 

than the N-PAL group, at the time of surgery t[42)=2.54, p=0.015] and at the long-term 

follow-up [t(38)=2.17, p=0.036]. Demographic data are presented in Table 2.  

Four patients from the PAL group and three from the N-PAL group had sustained ACL 

injuries of the contralateral leg. There were no significant group differences in terms of  

new knee injuries postoperatively. One patient from the N-PAL group had a re-rupture of  

the ACL at the index leg. Data of associated injuries are presented in Table 3.  

There were very high correlations bilaterally between 20 lb and manual max in terms of 

anterior knee laxity (0.83-0.91, p<0.001). Irrespective of leg the patients showed a lower 

degree of anterior knee laxity at the long-term follow-up compared to after completion of the 

rehabilitation that followed the ACL reconstruction [F(1, 47)=15.29, p<0.001] (20 lb). There 

was a tendency that the reduction in anterior knee laxity was greater in the operated leg than 

in the contralateral leg [F(1, 47)=3.09, p=0.085] (20 lb). The operated leg showed greater 

anterior knee laxity than did the contralateral leg irrespective of time of measurement [F(1, 

47)=14.96, p<0.001] (20 lb). Irrespective of leg and time of measurement there was a 

tendency to greater anterior knee laxity in the N-PAL group in comparison with the PAL 

group [F(1, 46)=3.05, p=0.088] (20 lb). Data of the KT-1000 measurements are presented in 

Table 4. 

When evaluating knee function of the operated knee the PAL group rated significantly higher 

than the N-PAL group [t(44)=2.88, p=0.006]. The PAL group also rated significantly higher 

in terms of satisfaction of the operated knee than the N-PAL group [t(46)=3.51, p=0.001].   

At the long-term follow-up a high average value, measured with KOOS (>90%) was found 



for the PAL group regarding symptoms, pain, daily activity function, function during leisure 

time and sport. Using KOOS the N-PAL group scored proportionately high (>80%) regarding 

symptoms, pain and daily activity function and considerably lower (<70%) regarding function 

during leisure time and sport and knee related quality of life. Both groups scored the lowest in 

terms of knee related quality of life. The results of functional outcome evaluated with KOOS 

are presented in Fig. 2. 

The groups differed concerning functional outcome evaluated with KOOS. The PAL group 

showed higher points, a better functional outcome than did the N-PAL group in all five 

dimensions. These differences were statistically significant for all dimensions but pain. The 

greatest differences were found in function during leisure time and sport (z=3.11, p=0.002), 

where the average value was 91% (SD=11.1%) for the PAL group and 67% (SD=28.1%) for 

the N-PAL group. In terms of knee related quality of life (z=2.94, p=0.003) the average value 

was 85% (SD=14.1%) for the PAL group and 65% (SD=24.8%) for the N-PAL group. 

The results of the analysis of personality traits, evaluated with SSP are presented in Fig. 3. 

All the means were within normal range. The PAL group showed significantly lower scores 

than the N-PAL group concerning the following scales: Somatic Trait Anxiety [t(47)=2.70, 

p=0.010], Psychic Trait Anxiety [t(47)=3.38, p=0.001] and Stress Susceptibility [t(47)=3.08, 

p=0.003]. There was a strong but not significant tendency towards lower scores for the PAL 

group in the Embitterment scale [t(47)=1.99, p=0.053].  

There were no significant correlations between the measurements performed with KT-1000 

and KOOS meaning absence of correlation between increased anterior knee laxity and 

impaired knee function.  

Eight (out of the 49) patients, seven from the N-PAL group and one from the PAL group, 

reported a feeling of knee instability of their ACL reconstructed knee. This group difference 

was not significant (Fisher’s Exact Test=0.229). Neither was there any significant correlation 

between feeling of knee instability and side-to-side difference in terms of anterior knee laxity 

of 3 mm (operated knee minus contralateral healthy knee) at the time of the long-term 

follow-up (Fisher’s Exact Test=1.000).  



There was a significant correlation between a feeling of knee instability and stress 

susceptibility [t(47)=2.21, p=0.032]. There were significant correlations between a feeling of 

knee instability and all dimensions of KOOS except for symptoms, where there was a strong 

tendency towards a good correlation: symptoms (z=1.96, p=0.052), pain (z=2.25, p=0.024), 

daily activity function (z=2.35, p=0.019), function during leisure time and sports (z=2.29, 

p=0.022) and knee related quality of life (z=2.57, p=0.012). 



DISCUSSION

The aim of the present long-term follow-up investigation was to prospectively evaluate 

anterior knee laxity at least five years after ACL reconstruction and to study possible 

correlations between anterior knee laxity, knee function and personality, respectively and 

return to pre-injury level of physical activity or sport. We also wanted to check whether knee 

instability could distinguish patients that returned to pre-injury activity level from those that 

did not. 

The present study showed that the patients as a group had become somewhat, although not 

significant, more stable in their operated knee as measured with the KT-1000. However, the 

difference in anterior knee laxity was small and therefore most likely of no clinical 

significance. It should be pointed out, however, that even a small side-to-side difference in 

anterior knee laxity may play a role for some athletes, such as ballet dancers and figure 

skaters, especially at an elite level. When studying each patient on his/her own this difference 

in anterior knee laxity showed that KT-1000 arthrometer is not an optimal instrument for 

measuring anterior knee laxity on an individual level. This finding corresponds with other 

authors (e.g. Sernert et al., 2001; Isberg et al., 2006).  

There was a tendency that KT-1000 could be a reliable instrument in order to distinguish 

between the group of patients that were able to return to pre-injury level of sports after ACL 

reconstruction and the group that was not. Slightly more than one third of the patients 

returned to their pre-injury level of sports compared to approximately two thirds that did not. 

One explanation could be insufficiency of the musculature around the knee. After an ACL 

injury with haemarthrosis an inhibition of muscular function occurs often leading to muscular 

hypotrophy (Arvidsson et al., 1986). The surgical intervention could lead to further problems 

for physical therapy. Therefore, the rehabilitation period needed in the majority of cases 

seldom is less than six months. One of the main goals of the rehabilitation following surgery 

is to rebuild loss of muscle strength. Several authors have reported that at a long-term follow-

up a good strength of the quadriceps and hamstring muscles of the operated leg in relation to 

the contralateral healthy leg indicates improved knee function (Arvidsson et al., 1981; Seto et 

al., 1988; Eastlack et al., 1999; Risberg et al., 1999).  



When evaluating muscle strength one always compares the operated leg with the contralateral 

healthy leg. It is generally recommended that the muscle strength of the operated leg should 

be at least 85-90% of the contralateral healthy leg before return to physical activity and sport. 

It is, however, likely that muscle strength of the contralateral healthy leg also is somewhat 

reduced after such a long absence from physical activity or sports. The immediate reduction 

of muscle strength after an injury could be due to reflectory inhibition. The activity of the 

Golgi tendon organ might also be influenced. This could be an explanation for the reduced 

anterior knee laxity by time after ACL reconstruction. A good knee function usually returns 

with time by physical activity. This may to some extent explain why the PAL group that 

returned to pre-injury level of sports showed a tendency towards a greater reduction of 

anterior knee laxity than did the N-PAL group. 

In general, the group that returned to pre-injury level of sports showed better knee function, 

measured with KOOS, than the group that was not able to do this. The two groups also 

differed in terms of personality. In comparison to those who did not return to pre-injury level 

of sports, those who did, showed significantly lower degree of somatic trait anxiety, psychic 

trait anxiety and stress susceptibility. Generally speaking those patients that returned to pre-

injury level of sports could be classified as tougher. This could mean that they did not feel any 

anxiety about loading their ACL reconstructed knee, a likely reason for their return to pre-

injury level of sports. 

The KT-1000 arthrometer could not distinguish a group of individuals with a feeling of knee 

instability from a group without. Neither was there any correlation between increased anterior 

knee laxity, measured with KT-1000, and impaired knee function, measured with KOOS. 

However, there was a correlation between a feeling of knee instability and Stress 

Susceptibility.  

The present investigation showed that personality characteristics rather than anterior knee 

laxity seems to be stronger predictor for returning to pre-injury level of sports. Anterior  

knee laxity may be a result of activity level as well as muscle function and muscle strength.

Patients with low stress susceptibility and low anxietyproneness might be more tougher 

during their rehabilitation and therefore improve thigh muscle strength in a desirable manner. 

The combined observed tendency towards greater anterior knee laxity in the N-PAL group 



and these patients personality characteristics may to some extent explain why they did not 

return to pre-injury level of sports.  

We have had a relatively high drop-out frequency. Our biggest problem was that many of  

our patients did not live at the address that we received from the Swedish database. This also 

made it impossible to contact them by telephone. The majority of the patients were about  

30 years of age. It is not unusual that young people are moving around for studies and/or  

work before they settle down. The patients that turned down our invitation to participate did 

so mostly because of children and family reasons and commonly expressed: “I do not have 

time”. From an ethical point of view we also had to be frank with our patients by informing 

them that our investigation had no special benefits for them. This may be another reason why 

some patients were not motivated to participate. An additional reason might be that we did not 

have any research money for any economical compensation to the participants. Furthermore, 

long-term follow-up studies like this one often have difficulties to reach the involved subjects. 

It is probable that the longer the follow-up time the more the difficulty to have subjects 

accepting to participate. 

There is a certain risk of a big external drop-out if those individuals who accept to participate 

are not representative for the population. It is generally believed that individuals with fewer 

problems more often are not motivated to participate in this type of investigations. However, 

what speaks against this is the variety of the results in the present study. Many patients were 

almost symptom free and participated in sports. Therefore, the group of patients that 

participated in this study most likely is a representative sample from the population of the 

ACL injured individuals meaning that the results could be generalized to this group of 

individuals. 

In conclusion, approximately one third of the patients were able to return to pre-injury level  

of sports following bone-patellar tendon-bone ACL reconstruction and two thirds were not. 

Those who returned to pre-injury level of sports were more satisfied with their knee function 

and scored higher on KOOS, which means a better functional outcome, than those who did 

not. The patients who returned to pre-injury level of sports scored a lower degree of Somatic 

Trait Anxiety, Psychic Trait Anxiety and Stress Susceptibility on SSP than those who did not. 

At the long-term follow-up (mean 7.2 years) there was a lower degree of anterior knee laxity 

measured with KT-1000 when compared to measurements performed 6-9 months after ACL 



reconstruction. Different psychological characteristics such as stress susceptibility and 

anxietyproneness rather than instrumented anterior knee laxity might predict the outcome  

of ACL reconstruction in terms of returning to pre-injury level of sporting activities. 
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                   Fig.1. Recruitment of the studied patients. n=49 

Centrera på sidan

100 met the 
inclusion criteria

64 did not answer

12 did not 
want to participate

20 accepted to
participate

53 were scheduled
for examination

36 answered

33 accepted to
participate

3 were not able
to participate

32 did not answer

100 met the 
inclusion criteria

64 did not answer

12 did not 
want to participate

20 accepted to
participate

53 were scheduled
for examination

36 answered

33 accepted to
participate

3 were not able
to participate

32 did not answer

4 did not turn up 
at the scheduled visit

49 were studied



Fig. 2. Functional outcome evaluated with KOOS on average 7.2 years 
           after bone-patellar tendon-bone ACL reconstruction. n=49 
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Fig. 3. Personality characteristics evaluated with SSP on average 7.2 years  
           after bone-patellar tendon-bone ACL reconstruction. n=49 
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Table 1. The 13 scales of SSP and descriptions of patients with high scores for each scale.  

___________________________________________________________________________

Somatic Trait Anxiety      Autonomic disturbances, restless, tense 

Psychic Trait Anxiety      Worrying, anticipating, lacking self-confidence 

Stress Susceptibility        Easily fatigued, feeling uneasy when urged to speed up 

Lack of Assertiveness      Lacks ability to speak up and to be self-assertive in social situations 

Impulsiveness            Acting on the spur of the moment, non-planning, impulsive 

Adventure Seeking         Avoiding routine, need for change and action  

Detachment              Avoiding involvement in others, withdrawn, “schizoid” 

Social Desirability         Socially conforming, friendly, helpful  

Embitterment             Unsatisfied, blaming and envying others 

Trait Irritability           Irritable, lacking patience 

Mistrust                 Suspicious, distrusting people’s motives 

Verbal Trait Aggression     Getting into arguments, berating people when annoyed 

Physical Trait Aggression   Getting into fights, starts fights, hits back 

___________________________________________________________________________



Table 2. Demographic data in the studied groups of patients that have undergone  
               a bone-patellar tendon-bone ACL reconstruction. n=49 

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports 

  PAL (n=18)   N-PAL (n=31)_

Gender  Males   14 (78%)      14 (45%) 
  Females   4 (22%)       17 (55%) 

Age at surgery (years)  M   24,0          21,5 
  SD   3,07          3,79 
  Range   18-29         15-29 

Age at follow-up (years) M   31,3          29,0  
  SD   3,41          3,63 
  Range   26-38         22-36 
___________________________________________________________________________ 



Table 3.  Clinical characteristics in the studied groups of patients that have undergone  
               a bone-patellar tendon-bone ACL reconstruction.  
 Results are given in number of patients. n=49  

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports 

                  PAL (n=18)     N-PAL (n=31)___

Arthroscopy    1              3  

ACL injury of contralateral leg    4               4 

Re-rupture of ACL injury    0              1 

Meniscal injury    4              3 

Meniscal suture    1              0 

Cartilage injury    1              0  
_______________________________________________________________ 



Table 4.  Side-to-side differences (M±SD) in terms of anterior knee laxity (KT-1000)  
6-9 months after bone-patellar tendon-bone ACL reconstruction and completed 
rehabilitation as well as at the follow-up on an average 7,2 years after ACL 
reconstruction in the studied groups of patients. n=49  

PAL = patients that returned to pre-injury level of sports 
N-PAL = patients that did not return to pre-injury level of sports  

Group 6-9 months 

20lb (mm)  

6-9 months  

Man. max (mm) 

7,2 years  

20lb (mm) 

7,2 years  

Man. max (mm) 

PAL 1,7 1,6 0,3 0,5 

N-PAL 1,2 1,1 1,1 1,8 










