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Zusammenfassung 

 

Einleitung: 

Vordere Knieschmerzen (VKS) sind eine sehr häufige Komplikation nach vorderer 

Kreuzbandrekonstruktion (VKBR). Obwohl VKS eine bekannte Komplikation sind, 

wurden Schmerzen nach VKBR nie spezifisch klassifiziert oder lokalisiert. Ziel 

dieser Studie war es, postoperative Schmerzen nach arthroskopischer VKBR zu 

klassifizieren und zu lokalisieren und deren Einfluss auf das subjektive funktionelle 

Ergebnis und die Lebensqualität, unter Berücksichtigung der psychologischen 

Verfassung der PatientInnen, zu untersuchen. 

 

Material und Methoden: 

Dies ist eine prospektive Beobachtungsstudie mit 103 PatientInnen 

(Durchschnittsalter 32 Jahre), die sich einer arthroskopischen VKBR unterzogen 

haben. Das durchschnittliche Follow-up betrug 3.1 Jahre. Alle ProbandInnen 

wurden zwischen März 2010 und August 2019 an der Universitätsklinik Graz 

(Österreich) operiert. Die Daten wurden einmal postoperativ mittels eines selbst 

gestalteten elektronischen Fallberichtsformulars (eCRF) im Querschnitt erhoben. 

 

Ergebnisse: 

Knieschmerzen traten hauptsächlich im medialen Kniegelenk (61,2 %) und in der 

Kniekehle (43,7 %) auf. Mediale Knieschmerzen traten häufiger bei Männern auf 

(67.1% vs. 44.1%). Schmerzen in der Kniekehle traten häufiger bei Männern (51.3% 

vs. 22.2%) und bei jüngeren PatientInnen auf. PatientInnen mit medialen 

Knieschmerzen und Schmerzen in der Kniekehle wiesen im Vergleich zur übrigen 

Studienpopulation signifikant schlechtere subjektive funktionelle Ergebnisse (IKDC, 

TAS, Lysholm-Score), niedrigere SF-36-Scores und mehr Kinesiophobie auf. 

Negative Korrelationen zwischen IKDC und Lysholm-Score mit der NRS-Skala 

wurden nicht durch psychologische Parameter (FESS, TSK, PCS) vermittelt. 
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Diskussion: 

Schmerzempfindungen nach arthroskopischer VKBR sind ein chronisches Problem 

im medialen Kniegelenk und in der Kniekehle. Selbst bei geringer Schmerzintensität 

haben diese Schmerzempfindungen einen erheblichen Einfluss auf Funktion und 

Lebensqualität. Der Ursprung und die Prävalenz dieser Schmerzempfindungen 

sollten in künftigen Studien weiter untersucht werden, um die Qualität der 

arthroskopischen VKBR weiter zu verbessern.  
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Abstract 

 

Introduction: 

Anterior knee pain (AKP) is a very common complication after anterior cruciate 

ligament reconstruction (ACLR). Although AKP is a well-known complication, pain 

after ACLR has never been specifically classified or localized. The aim of this study 

was to classify and localize postoperative pain after arthroscopic ACLR and to 

investigate its influence on the subjective functional outcome and quality of life, 

taking the psychological state of the patients into account. 

 

Material and Methods: 

This is a prospective observational study of 103 patients (mean age 32 years) 

undergoing arthroscopic ACLR with a mean follow-up of 3.1 years. All subjects 

underwent surgery at the University hospital of Graz (Austria) between March 2010 

and August 2019. The data were collected once postoperatively via a self-designed 

electronic Case Report Form (eCRF) at cross-section.  

 

Results: 

Knee pain occurred mainly in the medial knee joint (61.2%) and in the popliteal fossa 

(43.7%). Medial knee pain was more common in men (67.1% vs. 44.1%). Popliteal 

knee pain was more common in men (51.3% vs. 22.2%) and younger patients. 

Patients with medial knee pain and popliteal fossa pain had significantly worse 

subjective functional outcome scores (IKDC, TAS, Lysholm score), lower SF-36 

scores and more kinesiophobia compared to the rest of the study population. 

Negative correlations between IKDC and Lysholm score with the NRS scale were 

not mediated by psychological parameters (FESS, TSK, PCS). 

 

Discussion: 

Pain sensations after arthroscopic ACLR are a chronic condition in the medial knee 

joint and the popliteal fossa. Even with low pain intensity, these pain sensations 

have a significant impact on function and quality of life. The origin and prevalence 

of these pain sensations should be further addressed in future studies to further 

improve the quality of arthroscopic ACLR.   
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1 Introduction 

 

Ruptures of the anterior cruciate ligament (ACL) are the most common knee injuries 

(1). Surgical treatment of the ACL is associated with a higher Quality of Life (QoL), 

better function and better control of symptoms than non-surgical treatment (2). A 

very popular surgical technique nowadays is arthroscopically guided anterior 

cruciate ligament reconstruction (ACLR). The most used grafts are hamstring 

tendon (HT) and bone-patellar-tendon-bone (BPTP) autografts (3, 4). 

ACLR is one of the most successful operations in orthopedic surgery (5, 6). 

However, complications occur in 39% according to the literature (7). A common 

complication is anterior knee pain (AKP) (7, 8). The pain sensations can be mild, 

sporadic, or severe enough to limit daily and sports activities (8). According to a 

study of Vasconcelos et al. AKP, even if minimal, can have a detrimental effect on 

the outcome in the medium term (9). AKP appears to be more common in BPTB 

autografts compared to other types of grafts and seems to be related to the graft 

harvest site (8, 10-14). However, AKP also affects patients with other autografts 

implanted (8). The question arises whether there are clustered pain points and 

localizations that may be independent from the implanted device. According to the 

existing literature, AKP seems to be of high frequency in the early postoperative 

period. However, the prevalence seems to decrease over time (15, 16). Several 

authors have already studied the prevalence of AKP with percentages ranging 

between 5% and 19% of patients being affected (8, 17-19). 

Until now, these pain sensations have never been classified and localized in more 

detail. To improve the quality of surgical procedures and the outcome by reducing 

postoperative complaints, further information on AKP is needed. Since pain is 

generally a very subjective sensation, it stands to reason that the psychological 

constitution can also make a significant contribution to the extent of postoperative 

pain. Psychological factors that influence outcome after ACLR include self-efficacy, 

pain catastrophizing and kinesiophobia that can be measured through specific 

questionnaires (20-22). 

The aim of this prospective observational study was to investigate the prevalence, 

pain intensity and exact anatomical location of postoperative pain sensations after 

arthroscopic ACLR. Furthermore, we investigate the influence of postoperative pain 
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on function and QoL and test existing correlations for mediation by psychological 

parameters. Our hypothesis was that potential postoperative pain after ACLR might 

have a significant and clinical relevant influence on patients knee function and QoL. 
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2 Theoretical Background 

2.1 Anatomy of the Knee Joint 

The knee joint is the largest joint in the human body (23). It consists of the 

femorotibial joint and the femoropatellar joint (1). The two joints have a common 

joint capsule and lie in a contiguous joint cavity (1). The knee joint is called a 

transmission joint and is the special form of a movable hinge joint (23). In the knee 

joint, extension, flexion and rotation in the flexed state are possible. During flexion, 

rolling and sliding movements occur (23). Flexion and extension take place around 

a transverse axis (23). Rotation in the flexed position takes place around the lower 

leg axis (23). The range of extension is 5 to 10 degrees beyond the neutral position 

(1). Internal rotation is possible up to 10 degrees, external rotation is possible up to 

30 to 40 degrees (1). Flexion ranges  up to 120 to 150 degrees (1). 

 

2.1.1 Bones / Articulating Surfaces  

The bones involved in the knee joint are the femur, the tibia and the patella (23). 

The articulating surfaces of the femorotibial joint are the two condyles of the femur 

and the two condyles of the tibia (23). They are incongruent in shape, which makes 

the joint weak from a mechanical point of view (1). Therefore, stability depends on 

the muscles and ligaments that surround and strengthen the joint (1). The condyles 

are covered by relatively thick cartilaginous tissue (23). The two tibial condyles are 

separated by the Eminentia intercondylaris and the two Areae intercondylares (23). 

The articular surfaces of the femoropatellar joint are the cartilaginous front of the 

femur and the cartilaginous back of the patella (1).  

 

2.1.2 Menisci 

The two menisci (medial meniscus, lateral meniscus) help to compensate the 

incongruence of the joint surfaces (23). They are semi-lunar in shape and increase 

the load-bearing surface in the knee joint (1). In this way they help to distribute the 

joint pressure (1). The meniscal horns are anchored in the Areae intercondylares of 

the tibia by short ligaments (1). On the outside, the menisci are fused to the knee 
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joint capsule (23). They flatten out towards the inside (23). The medial meniscus is 

larger and firmly fused to the medial collateral ligament (23). The lateral meniscus 

is not fused to the lateral collateral ligament (23). The medial meniscus is therefore 

less mobile than the lateral meniscus (making it more susceptible to injury) (1, 23).  

The menisci consist of soft tissue with plenty of collagenous fibrous material (23). 

The collagenous fibers are arranged in two main directions (23). The stronger fibers 

run along the shape of the menisci (23). The weaker fibers run radially to an 

imaginary center of the menisci (23). 

 

2.1.3 Muscles 

A few muscles have an exclusive effect on the knee joint (23). Most muscles also 

have an additional effect on the ankle joint (23). In Table 1, the muscles are grouped 

according to their function in the knee joint (1): 

 

Extension: 

- Musculus (M.) quadriceps 

femoris 

- M. tensor fasciae latae 

- M. rectus femoris 

 

External rotation: 

- M. biceps femoris 

- M. tensor fasciae latae 

 

Flexion: 

- M. semimembranosus 

- M. semitendinosus 

- M. biceps femoris 

- M. gracilis 

- M. sartorius 

- M. popliteus 

- M. gastrocnemius 

 

Internal rotation: 

- M. semimembranosus 

- M. semitendinosus 

- M. biceps femoris 

- M. gracilis 

- M. sartorius 

- M. popliteus 

 

Table 1: Muscles involved in knee joint motions  
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2.1.4 Extracapsular Ligaments 

The extracapsular ligaments serve to strengthen the joint capsule (23). Together 

with certain muscle tendons and the joint capsule, they form the capsule-ligament 

apparatus (1). The capsule-ligament apparatus on the front of the knee is mainly 

used to brace and position the patella (1). In Table 2, the extracapsular ligaments 

of the knee joint are grouped according to their anatomical position in the knee joint 

(1): 

 

Anterior: 

- Ligamentum (Lig.) patellae 

- Retinaculum patellae 

longitudinalae mediale 

- Retinaculum patellae 

longitudinalae laterale 

- Retinaculum patellae 

transversale mediale 

- Retinaculum patellae 

transversale laterale 

Posterior: 

- Lig. popliteum obliquum 

- Lig. arcuatum 

 

 

Medial/Lateral: 

- Lig. collaterale mediale (MCL) 

- Lig. collaterale laterale (LCL) 

Table 2: Extracapsular ligaments of the knee joint  

 

The patellar tendon (Lig. patellae) is the continuation of the quadriceps tendon and 

extends from the patella to the tibial tuberosity (23). Other important ligaments are 

the medial collateral ligament (MCL) and the lateral collateral ligament (LCL) (23). 

The collateral ligaments stabilize the knee joint in the horizontal plane (1). 

 

2.1.5 Intracapsular Ligaments 

The intracapsular ligaments of the knee are the cruciate ligaments. The cruciate 

ligaments consist of the anterior cruciate ligament (ACL) and the posterior cruciate 

ligament (PCL) (23). These are located intracapsularly but extraarticularly (23). The 

cruciate ligaments are stretched between the anterior and posterior intercondylar 

regions of the tibia and the intercondylar fossa of the femur (1). 

In every joint position, at least parts of the cruciate ligaments are in tension (1). The 

cruciate ligaments stabilize the knee joint, especially in the sagittal plane, and 
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secure the joint contact between femur and tibia (1). They guide the knee joint 

especially in flexion as soon as the collateral ligaments become insufficient (23). 

During internal rotation, the cruciate ligaments wrap around each other (23). This 

inhibits excessive internal rotation (23). In external rotation, the cruciate ligaments 

wrap apart (23). External rotation is therefore primarily stopped by the collateral 

ligaments (23).  

 

2.1.5.1 Anterior Cruciate Ligament (ACL) 

The anterior cruciate ligament (ACL) extends from the anterior intercondylar area of 

the tibia to the inner surface of the lateral femoral condyle (23). Up to 26% of knees 

have a single ACL bundle, while there are also knees that have two or three bundles 

(24). However, in the past it was generally accepted that the ACL consists of two 

bundles (24). A distinction is made between the anteromedial (AM) and a 

posterolateral (PL) fiber bundle (1). In recent years, reports have accumulated in 

which the anterior cruciate ligament is described as flat and "ribbon-like" (25, 26). 

The attachment points of the ACL are described as c-shaped on the tibia and 

crescent-shaped on the femur (26). The ACL is described as having a width of 12.6 

mm and a mean thickness of 3.3 mm at the tibial attachment site and a width of 16 

mm and a mean thickness of 3.54 mm at the femoral attachment site (26). 

 

2.1.6 Infrapatellar Fat Pad (IPFP) 

The Infrapatellar fat pad (IPFP) is located in the knee joint space inferior to the 

patella (23). It is located between the two layers of the joint capsule (Membrana 

synovialis, Membrana fibrosa). (23). The infrapatellar fat pad has various functions 

in the knee joint. It serves the vascular supply, cushions the patellar tendon and 

secretes inflammatory factors (27). A partial resection of the IPFP is often necessary 

as part of an arthroscopic anterior cruciate ligament reconstruction (27). 

 

2.1.7 Innervation 

An important nerve in the knee area is the saphenous nerve (23). The saphenous 

nerve supplies cutaneous sensation to the medial aspect of the knee, lower leg and 



 

 10 

ankle (28). It originates from the posterior segment of the femoral nerve in the 

proximal femur (28). On exiting the adductor canal, the nerve immediately divides 

into its two terminal branches: the infrapatellar branch (IPBSN) and the sartorial 

branch (SBSN) (28). The IPBSN runs anteriorly and divides further into a superior 

and an inferior branch to supply the anteromedial side of the knee (28). The SBSN 

runs in close connection with the gracilis muscle and controls the sensitivity of the 

medial side of the leg and ankle (28). 

 

2.2 Anterior Cruciate Ligament Rupture 

Rupture of the ACL is a typical sports injury. It is the most common knee injury. 70% 

of ruptures occur between the ages of 15 and 45 (1). 

 

2.2.1 Injury mechanism 

Most ruptures of the ACL occur through a non-contact event (29). The mechanism 

of injury is flexion with internal or external rotation, forced external rotation or 

hyperextension in the knee joint (30). In addition, anterior tibial translation increases 

the risk of rupture (31, 32). Ruptures of the ACL often occur during sudden changes 

of direction when running (e.g. soccer) or as internal rotation trauma when the lower 

leg is stationary and the knee is strongly flexed (e.g. skiing) (1). 

 

2.3 Anterior Cruciate Ligament Reconstruction (ACLR) 

Anterior cruciate ligament reconstruction (ACLR) is recommended especially for 

people who are active in sports. The aim of reconstruction is to replace the 

destroyed structures in an anatomically correct way to restore stability. This should 

prevent long-term damage such as ligament, meniscus or cartilage damage (1). 

 

2.3.1 History 

The first surgical reconstruction of the ACL was performed in 1917 using 

autogenous tissue (4). This was followed by a period that produced many different 

methods for reconstructing the ACL (4). Especially in the last 50 years, the methods 
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have improved considerably (3). In the 1980s, ACLR using the middle third of the 

patellar tendon became the gold standard (3). Due to secondary frequent knee pain, 

over time more and more surgeons decided to use the hamstring tendons as 

autograft (3). These two preparations are still among the most popular today (3). 

Initially, reconstructions were performed using the single-bundle technique (3). 

However, insufficient control of rotational laxity led to a new approach (3). Due to an 

increasingly better anatomical and biomechanical understanding of the ACL, the 

double-bundle technique was established (3). Nevertheless, there are still concerns 

about the choice of techniques to restore normal knee biomechanics (33). A present 

meta-analysis demonstrates that both techniques for ACLR are associated with 

restoration of normal knee kinematics (33). Since the C-shaped anatomy of the tibial 

tunnel has been known, there have also been surgical approaches to restore this 

natural anatomy with a special ACLR technique (25). Whether this technique can 

offer better long-term results in the future remains to be seen. 

 

2.3.2 Arthroscopically guided ACLR 

The first arthroscopically guided ACLR was already performed in the 1980s (34). 

Over time, studies confirmed the advantage of arthroscopically performed ACLRs 

over open techniques (35). Reduced postoperative morbidity, improved cosmesis, 

faster recovery and greater range of motion (ROM) have been demonstrated (35). 

Originally, two incisions were required to perform arthroscopic surgery (36). One 

incision was required to allow removal of the graft and preparation of the tibial tunnel 

(4). The second incision was made over the lateral side of the femur to allow outside-

in drilling of the femoral tunnel (4). By the end of the 1990s, most surgeons adopted 

a single incision technique (37). However, the single incision technique had 

disadvantages in the placement of the femoral tunnel (38, 39). There was a risk of 

a vertically aligned, non-anatomical graft that could not effectively control rotation 

(38, 40). This finding has led researchers to reconsider the advantages of a revised 

two-incision technique (41, 42). 
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2.3.3 Grafts 

Many different grafts have been used over the past 100 years (4). The most 

commonly used grafts include hamstring-tendon (HT), bone-patellar-tendon-bone 

(BPTB) and quadriceps-tendon (QT) autografts, allografts and synthetic grafts (43). 

All of these grafts have their own specific advantages and disadvantages (43). 

Surgeons should choose the graft for each patient individually (43). 

 

2.3.3.1 Autografts 

By using the patient's own tissue, the risk of graft infection is minimized, the local 

immune response is limited and faster integration of the graft is possible (43). Table 

3 shows the advantages and disadvantages of the most used autografts (43-45): 

 

Graft Advantages Disadvantages 

HT- Tendon + Small incision (harvest) 

+ Reduced anterior knee 

pain 

+ Great maximum load to 

failure 

+ Comparable strength to 

native ACL 

- Hamstring weakness 

- Unpredictable graft size 

- Risk of saphenous nerve 

injury 

- Less stiffness than native 

ACL 

BPTB-Tendon + Fast graft incorporation 

(bone-to-bone) 

+ Comparable stiffness to 

native ACL 

- Large incision (harvest) 

- Risk of AKP 

- Risk of patella fracture 

- Weaker than native ACL 

QT-Tendon + Reduced anterior knee 

pain 

+ Reduced HT-weakness 

+ Large graft 

- Large incision (harvest) 

- Risk of patella fracture 

Table 3: Autografts, advantages and disadvantages   
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2.3.3.2 Allografts 

Allografts have no morbidity at the harvest site, no risk of residual hamstring 

weakness or anterior knee pain (43). However, there is a risk of graft disease 

transmission, longer time to insertion and higher cost compared to autografts (43). 

The risk of rupture is three to four times higher compared to autografts (43). 

Allografts are therefore now more commonly used in revision surgery and patients 

with moderate to low functional requirements (43, 46, 47). 

 

2.3.3.3 Synthetic grafts 

In recent decades, synthetic grafts have been developed to replace or augment HT 

and BPTP autografts (43). Synthetic grafts can lead to a comparable return to 

athletic activity and functional performance as autografts in the short term (43, 48). 

However, in the long term, synthetic grafts have a high graft failure rate (43, 48). 

 

2.3.4 Outcome 

ACLR is one of the most successful operations in orthopedic surgery (5, 6). The risk 

of serious complications such as infections (0.47 %) or pulmonary embolisms (0.12 

%) is low (49). However, complications such as anterior knee pain (16%) or stiffness 

(8.8%) are quite common (7). 

The general outcome after ACLR is influenced by several factors. The literature 

reports that concurrent meniscal and cartilage damage worsens the prognosis after 

ACLR (50, 51). There are also gender differences. Women seem to do worse than 

men in subjective and functional outcomes and in the ability to return to sports (RTS) 

(52). The age of the patient (53) and the timing of surgery after injury (54) do not 

seem to play a role in the overall outcome. 

 

The outcome is measured by several parameters. These include RTS and patient 

reported outcome measurements (PROM) (55-57). RTS is often considered the 

primary goal of ACLR (58). However, patients do not always reach their previous 

level of function at the time of RTS (59). Questionnaires such as the Lysholm score 

and the International Knee Documentation Committee (IKDC) questionnaire are 

used to measure function and symptoms (60). The general health and subjective 
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QoL of patients after ACLR are also of particular interest. This can be recorded and 

objectified with so-called Short-Form Health Surveys (61, 62). By answering various 

questionnaires, the general well-being of the patients can be recorded (60). 

 

2.4 Anterior Knee Pain (AKP) 

The prevalence of anterior knee pain (AKP) is estimated in the literature to be 

between 5 and 19% (8, 17-19). However, the prevalence varies widely in the 

literature (8, 63). This could be due to the timing of data collection, as longer follow-

ups lower the prevalence of AKP (15, 16). Pain can be mild, sporadic, or severe 

enough to limit daily and sports activities (8). 

 

2.4.1 Pain Intensity and Localization 

Little is known in the existing literature about the precise location and pain intensity 

of AKP. The pain intensity is described as low (9, 64). Vasconcelos et al. pointed 

out that AKP after ACLR, even if minimal, can have a detrimental effect on the 

outcome in the medium term. They also described that patients with patellar tendon 

grafts most frequently had pain at the patellar tendon (37%) and patients with 

hamstring grafts most frequently had pain near the tibial tunnel (51%) (9). 

 

2.4.2 Causes of AKP 

Some studies name postoperative deficits such as postoperative flexion 

contractures (18), postoperative extension deficits (8, 65, 66) and postoperative 

quadriceps weakness (67, 68) as causes of AKP. ACLR with BPTP autografts 

usually reports a higher incidence of AKP than ACLR with HT autografts (8, 10-14). 

Factors such as graft harvest site (10, 69, 70), IPFP size (19, 63, 71) or IPBSN injury 

(72, 73) have also been reported to influence the occurrence of AKP. The type of 

fixation, gender and age do not seem to have a significant influence on the 

occurrence of AKP after ACLR (8). 
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2.5 Psychological Influence 

Although function and stability of the knee joint usually improve significantly after 

ACLR, a large percentage of patients do not return to the same level of athletic 

performance compared to their activity before surgery (59, 74, 75). Psychological 

condition plays an important role in rehabilitation after ACLR (76-78). Some studies 

have found a positive relationship between RTS and psychological outcome (79-

81). Psychological factors that influence the outcome after ACLR include self-

efficacy, pain catastrophizing and kinesiophobia (20-22). 

 

2.5.1 Kinesiophobia 

Kinesiophobia is described as an excessive and irrational fear of physical activity 

(20). It arises from a feeling of increased vulnerability to painful injury or re-injury 

(20). This leads to an overall negative attitude of the person affected towards their 

own body and movement (20). Kinesiophobia is associated with a lower RTS (82, 

83), a higher risk of re-injury (82, 83) and lower subjective knee function (22, 84). 

Kinesiophobia is very common postoperatively but seems to decrease during 

postoperative rehabilitation. (85) 

 

2.5.2 Pain Catastrophizing 

Pain catastrophizing, refers to an exaggerated negative cognitive and affective 

response to an expected or actual pain experience (86). Patients who catastrophize 

pain magnify the potentially negative aspects of pain, are unable to detach from 

thoughts about pain and feel helpless in coping with pain (87, 88). This often leads 

to avoidance, escape and protective behaviors (89). Pain catastrophizing causes 

delayed recovery after musculoskeletal injuries and surgery (89, 90). Higher levels 

of pain catastrophizing result in greater pain intensity and deteriorated knee function 

in the postoperative period (91, 92). 

 

2.5.3 Self-efficacy 

Self-efficacy influences how people feel, think and act (93). It describes how people 

rate their ability to organize and execute courses of action in order to achieve certain 
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results (94). Determination to return to previous levels of physical performance is 

crucial for rehabilitation after ACL injury (95). Studies show that patients who return 

to their pre-injury sports level have higher self-efficacy of knee function (95-98). 
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3 Material and Methods 

3.1 Hypothesis of the Study 

Primary null hypothesis:  

• Patients do not develop specific chronic knee pain/discomfort after 

arthroscopically guided anterior cruciate ligament reconstruction. 

Alternative hypothesis: 

• Patients develop specific chronic knee pain/discomfort after arthroscopically 

guided anterior cruciate ligament reconstruction.  

Secondary hypothesis:  

• The association of pain after arthroscopically guided anterior cruciate 

ligament reconstruction with function is mediated by psychological influence 

parameters (FESS, TSK, PCS).  

• The correlation of Quality of Life after arthroscopically guided anterior 

cruciate ligament reconstruction with pain and function is mediated by 

psychological parameters (FESS, TSK, PCS). 

 

3.2 Study Population 

3.2.1 Inclusion Criteria 

Patients included in the study had to fulfil the following criteria: 

1) Documented arthroscopic reconstruction of the ACL. 

2) Surgery in the period from March 2010 to August 2019 at the University 

Hospital Graz (Austria). 

3) Electronic signature of the informed consent form. 

 

3.2.2 Exclusion Criteria 

Patients were excluded from the study if one or more of the exclusion criteria 

applied: 

1) ACL revision surgery on the index knee. 

2) Patient age > 50 years at the time of surgery.  
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3) Postoperative fractures of the index knee. 

4) Psychiatric illness that precludes informed consent. 

 

3.2.3 Primary Study Population 

Between March 2010 and August 2019, 247 ACL procedures were performed at the 

University Hospital Graz (Austria). Nineteen operative reports could not be used, 

leaving 228 documented arthroscopically guided ACLRs. Three patients had 

undergone ACLR on both knees in the specified period, with only the most recently 

operated knee being relevant. This left a total of 225 patients who had undergone 

arthroscopically guided ACLR at the University Hospital Graz (Austria) during the 

specified period. 

Of these 225 patients, 25 patients were excluded because they had undergone ACL 

revision surgery on the knee relevant to the study. In addition, 16 patients were 

excluded because they were older than 50 years at the time of surgery. No patient 

was excluded because of severe secondary trauma or psychiatric illness. After 

applying the exclusion criteria, the primary study population consisted of 184 

patients (Figure 1). 

 

Figure 1: Primary study population 
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3.3 Study Design 

3.3.1 General Information 

This study is a prospective observational study of a patient population undergoing 

arthroscopically guided ACLR at the University Hospital Graz (Austria). 

 

3.3.2 Data Sources and Collection 

Medical data were required as part of the study. First and last names, dates of birth, 

telephone numbers, addresses, dates of operations, checkups and other personal 

data were requested. These data were routinely collected, came from the hospital 

information system openMEDOCS (KAGES Group) and were stored in a Microsoft 

Excel spreadsheet. 

An electronic Case Report Form (eCRF) was developed with the MedUni licensed 

online portal RedCap®. This eCRF consisted of 11 individual questionnaires. The 

patients' data were recorded with the eCRF postoperatively only once at the time of 

data collection. This resulted in individually different time intervals between surgery 

and data collection. 

 

3.3.3 Data Collection Procedure 

On December 15, 2020, a letter was sent to each individual patient in the primary 

study population (n=184) to inform about the study (see 7.1). This letter contained 

information about the study and the email address of a study investigator. If patients 

were interested in participating in the study, they were asked to send their full name 

to the email address provided. Patients were given three weeks to respond. 

Telephone notification began on January 7, 2021. A template for notification was 

developed in advance (see 7.2). The telephone notification was only sent on 

weekdays between 9:00 and 16:00. The telephone numbers of the patients were 

taken from the hospital information system openMEDOCS (KAGES Group). Each 

patient was given a total of four attempts for consultation. The first call was made 

before lunchtime for each person. If patients did not answer the first call or called 

back, a second attempt was made in the afternoon. If neither call was answered, 

the same procedure was followed the following week. Patients who could not be 
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reached after four attempts were excluded from the study. The telephone notification 

ended on January 13, 2021. 

If a patient could be reached by phone and expressed further interest in participating 

in the study, the email address was requested and noted in a Microsoft Excel 

document. Patients then received a special link to the email address they provided. 

This link led to the eCRF on the online portal RedCap® (see 7.4.2). The link led to 

the patient information and consent, which was digitally stored as a PDF file (see 

7.3) on RedCap®. The consent to participate in the study had to be confirmed by a 

digital signature. There was also the option to return the signed consent form by 

post or scanned by email. 

After the consent form was signed, the patients automatically received their 

individual link to the eCRF on RedCap® by email. Patients had almost four weeks 

to complete the eCRF. In case of inactivity, automatically generated reminder emails 

were sent every three days. The reminder emails were sent up to five times. The 

reminder emails contained a link that led directly to the incomplete part of the eCRF. 

This made it possible to interrupt the answering of the eCRF and continue later 

without losing progress. The data collection process ended on February 7, 2021 

(Figure 2). 

 

Figure 2: Data collection procedure 
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3.3.4 Ethics 

With their digital signature, the patients confirmed their consent to the data collection 

via the eCRF, the use and analysis of these data and the anonymized publication 

of these data. The patient information and consent form were reviewed by the 

responsible ethics committee. The ethics committee of the Medical University of 

Graz (Austria) approved this study with the project number 32-477 ex 19/20. 

All patients are subject to the provisions of the Austrian Data Protection Act 2000 as 

amended. The data will be processed exclusively for scientific purposes. 

 

3.3.5 Data Protection 

The study-specific data collection was only carried out by the study investigators. 

The patients' data in the Microsoft Excel spreadsheet and in the online portal 

RedCap® were password-protected and encrypted. The password was known only 

to the study operators. The data could therefore only be viewed by the operators of 

the study. In the statistical evaluation of the data, the patient data were anonymized 

by numerical codes. 

 

3.4 Electronic Case Report Form (eCRF) 

The eCRF was created via the online portal RedCap®. The eCRF consisted of 11 

individual questionnaires. The “Enrolment” questionnaire was filled out by the 

operators of the study. The patients started with the questionnaire "Fragebogen 

LKH-Uniklinikum Graz". The questionnaires listed below correspond to their 

chronological order in the eCRF and in the data collection process. 

 

3.4.1 Enrolment 

The questionnaire “Enrolment” (see 7.4.1) was completed by the operators of the 

study themselves. The data for the questionnaire were taken from the hospital 

information system openMEDOCS (KAGES Group). To complete it, the email 

address, demographic data (gender, date of birth), known concomitant diseases 

(diabetes mellitus, hypertension, rheumatic diseases, etc.) and surgery-specific 
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data (date of surgery, structures treated) had to be entered by the operators. After 

completion, the patients received the access link to the eCRF by email. 

 

3.4.2 Fragebogen LKH-Uniklinikum Graz 

The questionnaire "Fragebogen LKH-Uniklinikum Graz" (see 7.4.3) was the first 

questionnaire filled out by the patients. It consisted of questions about demographic 

data (age, weight, etc.), more specific questions about the patients themselves 

(educational status, employment status, marital status, smoking habits, etc.), 

questions about a possible intake of painkillers (type, frequency, duration, reason, 

etc.) and specific questions about the operation (operation side, previous 

operations, subsequent operations, re-ruptures, etc.). 

 

3.4.3 Knee Pain Map (KPM)  

The Knee Pain Map (KPM) (see 7.4.4) is a self-designed questionnaire to localize 

and standardize knee pain. The questionnaire contains two pictures. One picture 

shows a left and a right knee in frontal view, the second picture also shows two 

knees, but viewed from behind. In both pictures, the knees were graphically divided 

into anatomical areas. Each area was labelled with a specific letter. For each picture 

there was a multiple-choice question to mark the areas affected by pain. For this 

questionnaire, only the knee that underwent ACLR at the University Hospital of Graz 

(Austria) was relevant. If ACLR was performed on both knees at the University 

Hospital Graz (Austria), only the most recently operated knee was relevant. 

 

3.4.4 International Knee Documentation Committee (IKDC)  

The International Knee Documentation Committee (IKDC) (see 7.4.5) was first 

published in 2001 (99). The score has undergone several minor revisions. The IKDC 

is a Patient Reported Outcome (PRO) instrument. In the eCRF, the official German 

version of the questionnaire was used (100). The IKDC is used to assess various 

diseases and injuries of the knee joint. It contains a total of 19 questions. These 

questions are divided into 3 subgroups: 

- Symptoms: 7 questions 
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- Sports and daily activities: 12 questions 

- Function: 2 questions 

The score ranges from 0 to 100, where 100 corresponds to unrestricted function of 

the knee in sports and daily activities, and absence of symptoms (101). 

 

3.4.5 Tegner Activity Scale (TAS)  

The Tegner Activity Scale (TAS) (see 7.4.6) was developed as a supplement to the 

Lysholm Score and was published jointly with the latter in 1985 (102). The TAS is a 

PRO instrument. The validated German version was used for the eCRF (103). The 

TAS is used to assess the patient's activity status. There are ten different activity 

levels. These are assessed with a score from zero to ten. Zero describes the lowest 

activity level, ten the highest one possible (104). 

In the eCRF, the TAS was duplicated to capture the activity status at the time of 

data collection (TAS, tdc) and the activity status at the time before the injury (TAS, 

before injury). To better represent the difference in performance before injury and 

at the time of data collection, the difference was calculated and expressed by a third 

variable (TAS, difference). 

 

3.4.6 Numeric Rating Scale (NRS)  

The pain intensity in the study relevant knee at the time of data collection was 

assessed with a Numeric Rating Scale (NRS) (See 7.4.7). Patients were asked 

about the maximum pain intensity in the last few days. The pain intensity was rated 

with a numerical sequence from zero to ten. Zero stood for "no pain", ten for the 

"strongest pain imaginable" (105). 

Two questions were created in the eCRF for this purpose. One question was about 

pain at rest (NRS, rest) and one question was about pain while walking (NRS, 

walking). For calculations, the mean of both values was calculated and expressed 

by a third variable (NRS, total). 
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3.4.7 Lysholm Score  

The Lysholm Score (see 7.4.8) was first published in 1982 (106). It was 

subsequently modified and made into a PRO instrument (102). The German version 

was used for the eCRF (107). The Lysholm Score is used to assess patients with 

diseases or injuries of the ACL or the knee joint. The questionnaire consists of a 

total of 8 questions.  

These can be divided into 3 areas: 

- Physical function: 6 questions 

- Pain: 1 question 

- Symptoms: 1 question 

The answers have a pre-set number of points. The total number of points ranges 

from 0 to 100, where a score of zero describes the greatest possible impairment 

and a score of 100 means no impairment. 

 

3.4.8 Fragebogen zur Erfassung der schmerzspezifischen 

Selbstwirksamkeit (FESS)  

The questionnaire “Fragebogen zur Erfassung der schmerzspezifischen 

Selbstwirksamkeit“ (FESS) (see 7.4.9) is the German adaptation of the Pain Self-

Efficacy Questionnaire (PSEQ) (108). The FESS was first introduced in 2009 (109). 

This questionnaire is used to assess self-efficacy in patients with chronic pain. The 

questionnaire contains ten items in the form of self-reports. The questions are 

answered in the form of a six-point scale. It ranges from "not at all convinced" to 

“completely convinced". The total score ranges from 10 to 60 points. The higher the 

score, the higher the patient's confidence to engage in activities despite existing 

pain (109). 

 

3.4.9 Tampa Scale of Kinesiophobia (TSK)  

The Tampa Scale of Kinesiophobia (TSK) (see 7.4.10) was developed in 1990 by 

Mill et al. The validated German version was used for the eCRF (110). The 

questionnaire was developed for measuring fear of movement/(re)injury. The TSK 

consists of 11 items. The items are answered in the form of a four-point scale. One 
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stands for "do not agree at all", four stands for "completely agree". The total number 

of points ranges from 11 to 44. Eleven stands for no kinesiophobia, 44 for severe 

kinesiophobia (110). 

 

3.4.10 Pain Catastrophizing Scale (PCS)  

The Pain Catastrophizing Scale (PCS) (see 7.4.11) was first published in 1995 

(111). The German version of the questionnaire was used for the eCRF (112). The 

PCS asks about the patient's feelings and thoughts when in pain. The questionnaire 

contains 13 items. The evaluation was carried out in subscales: 

- Helplessness 

- Magnification 

- Rumination 

Each item must be answered from zero ("not at all true") to four ("always true"). A 

high total score means a higher extent of catastrophizing. The total score ranges 

from 0 to 52 points and is calculated by summing the subscales (112). 

 

3.4.11 Short Form-36 (SF-36)  

The SF-36 (see 7.4.12) was first published in 1992 (113). The questionnaire was 

modified in 1996 with regard to some response options and item formulations, 

resulting in the SF-36 v.2 (114). The German translation of the questionnaire was 

used for the eCRF. The SF-36 questionnaire is a disease-unspecific measurement 

instrument to assess health-related Quality of Life. The questionnaire consists of a 

total of 36 items. It describes the patient's general state of health based on 8 

different dimensions:  

- Vitality (VT): 4 questions 

- Mental Health (MH): 5 questions 

- Physical Pain (BP): 2 questions 

- General Health (GH): 5 questions 

- Role Physical (RP): 4 questions 

- Role Emotional (RE): 3 questions 

- Social Functioning (SF): 2 questions 

- Physical Functioning (PF): 10 questions 
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From these subscales, two so-called Component Summary Scores can be 

calculated: 

- Physical Component Summary (PCS*): PF, RP, BP, GH  

- Mental Component Summary (MCS*): VT, RE, SF, MH 

There is no total score in the SF-36. A manual and interpretation guide is required 

for the analysis. The scores can be compared with the gender- and age-matched 

normal population through certain conversions (115). 

 

3.5 Statistical Analysis 

The evaluation of the anatomical pain localization and pain intensity as well as the 

PROMs was initially descriptive (frequency distribution or mean and standard 

deviation / median and interquartile range). For better comparability, the results of 

the SF-36 were standardized according to the specifications and compared with the 

values of the US normal population. The anatomical areas that were most frequently 

affected by pain were grouped into anatomical regions for further calculations. Pain 

(NRS) in these regions was assessed for its impact on joint function (IKDC, TAS, 

Lysholm score) and QoL (SF-36) using bivariate analyses. Bivariate analyses were 

then performed to examine correlations between pain (NRS) and function (IKDC, 

TAS, Lysholm score) and correlations between QoL (SF-36) and pain (NRS) / 

function (IKDC, TAS, Lysholm score). Bivariate analyses were calculated using T-

test, Bonferroni correction and Pearson product-moment correlations. Significant 

correlations were tested by partial analysis for FESS, PSEQ and TSK as mediators. 

A p-value < 0.05 was considered statistically significant, indicating that a significant 

relationship existed. 

 

3.5.1 Software Tools 

Microsoft Excel (Microsoft, v16.53, 2021) was used to collect and store the personal 

data of the study patients. The eCRF was created via the online portal RedCap® 

(Vanderbilt University, v11.1.7). Data collected in RedCap® were extracted into a 

password-encrypted Microsoft Excel spreadsheet. Statistical analysis of the data 

was performed using Stata statistical software (StataCorp LLC, v17.0, BE-Basic 

edition). Microsoft Word (Microsoft, v16.53, 2021) was used to create the text 
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document. Citations were inserted using EndNote (Clarivate, X9, 2019). The 

PubMed search engine (National Center for Biotechnology Information) was used 

for the literature search. 
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4 Results 

4.1 Final Study Population 

The primary study population comprised 184 patients. There was no response to 

the letters sent. Attempts were made to contact all 184 patients by telephone. 

Eighteen patients could not be contacted due to an incorrect telephone number, 

nine patients expressed no interest, 17 patients could not be reached after four 

attempts. The remaining 140 patients verbally agreed to participate in the study. An 

individual case was created in RedCap® for each patient and the consent forms 

were sent by email. 

Of the 140 patients, 37 patients had to be excluded due to incomplete responses to 

the eCRF, 103 patients fully completed the eCRF (Figure 3). 

 

Figure 3: Final study population 
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The following results refer to the final study population (n=103). 

 

4.2 Descriptive Analysis 

4.2.1 Demographics 

Table 4 gives an overview of the patients' demographic data. These variables refer 

to the time of data collection (TDC): BMI, education status, employment status, 

marital status, smoking habits, pain medication. 

 

 Study population (n = 103) 

Gender   

male (n, (%)) 76 (74) 

female (n, (%)) 27 (26) 

Age at TDC (years, mean ± SD) 35.4 ± 9.2 

BMI (mean ± SD) 25.5 ± 4.1 

Educational status (years, mean ± SD) 13.8 ± 2.7 

Employment status   

 Student (n, (%)) 13 (13) 

 Employed (n, (%)) 87 (84) 

 Unemployed (n, (%)) 2 (2) 

 Retired (n, (%)) 1 (1) 

Marital status  19 / 79 / 5 

 Single (n, (%)) 19 (18) 

 Liaised (n, (%)) 79 (77) 

 Separate (n, (%)) 5 (5) 

Smoking (n, (%)) 28 (27) 

Pain medication (n, (%)) 3 (3) 

Table 4: Patient demographics 

 

The educational status corresponds to the following educational levels: Compulsory 

school (8 years), apprenticeship/vocational school (10-12 years), Matura (12 years), 

Bachelor's degree (15 years), Master's degree (17 years), PhD (20 years). The 
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mean education level was between the completion of Matura and the completion of 

a Bachelor's degree (13.8 ± 2.7 (SD)).  

Three patients were taking pain medication at the TDC, but one due to knee pain. 

 

4.2.2 Comorbidities 

Table 5 shows the frequency of the most important comorbidities in the study 

population. Each of the following comorbidities refers to the time of surgery. The 

comorbidity data were taken from the preoperative anesthesia assessments. 

 

 Study population (n = 103) 

Obesity (n, (%)) 4 (4) 

Hypertonus (n, (%)) 4 (4) 

Table 5: Patient comorbidities 

 

4.2.3 Surgical Characteristics 

Table 6 gives a brief overview about the most relevant surgical details of the study 

population.  

 

 Study population (n = 103) 

Operated knee  

Left (n, (%)) 48 (47) 

 Right (n, (%)) 55 (53) 

Age at surgery (years, mean ± SD) 32.2 ± 9 

Transplant  

 Autograft (n, (%)) 84 (82) 

 Allograft (n, (%)) 19 (18) 

Time to surgery (months, mean ± SD) 26.2 ± 49.2 

Multiple surgeries (n, (%)) 22 (21) 

Surgery before ACLR (n, (%)) 11 (11) 

Surgery after ACLR (n, %)) 11 (11) 

Table 6: Patient’s surgical characteristics 
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The variable "Time to surgery" indicates the average time between injury and 

surgery in months. The variable "Multiple surgeries" describes whether the index 

knee had already been operated on more than once at the time of data collection. 

Eleven patients had already had knee joint surgery before ACLR, eleven more after 

the ACLR. 

 

4.2.4 Injury Characteristics 

Table 7 refers to the extent of the knee joint injuries. It only describes the distribution 

of concomitant injuries detected at time of ACLR. 

 

 Study population (n = 103) 

Isolated ACL (n, (%)) 55 (53) 

ACL, medial meniscus (n, (%)) 36 (35) 

ACL, lateral meniscus (n, (%)) 24 (23) 

ACL, medial meniscus, lateral 

meniscus (n, (%)) 
12 (12) 

ACL, MCL (n, (%)) 2 (2) 

ACL, LCL (n, (%)) 2 (2) 

ACL, PCL (n, (%)) 1 (1) 

ACL, MCL, medial meniscus (n, (%)) 1 (1) 

Table 7: Patient injury characteristics 

 

4.2.5 Follow-up Period 

Table 8 provides information on the period between ACLR and the time of data 

collection. 

 

 Study population (n = 103) 

Follow-up period (years, mean ± SD) 3.1 ± 1.4 

Re-ruptures (n, (%)) 8 (8) 

Time between surgery and re-

rupture (months, mean ± SD) 
24.5 ± 23.1 

Table 8: Follow-up period 
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The "Follow-up period" describes the average time between ACLR and the time of 

data collection in years. "Re-ruptures" refers to the number of re-ruptures that 

occurred during the follow-up period. 

 

4.2.6 Patient-reported Outcome Measurements (PROMs) 

The mean scores for the questionnaires used in the eCRF are shown in Table 9. 

 

 Study population (n = 103) 

IKDC, total score (mean ± SD) 79.7 ± 16.5 

TAS, before injury (mean ± SD) 6.1 ± 2.1 

TAS, tdc (mean ± SD) 4.8 ± 1.7 

TAS, difference (mean ± SD) -1.3 ± 2 

NRS, rest (mean ± SD) 0.7 ± 1.3 

NRS, walking (mean ± SD) 1.3 ± 1.9 

NRS, total (mean ± SD) 1.0 ± 1.5 

Lysholm Score (mean ± SD) 85.7 ± 15.0 

FESS (mean ± SD) 54.7 ± 9.3 

TSK (mean ± SD) 21.2 ± 6.9 

PCS (mean ± SD) 8.9 ± 10.4 

Table 9: Patient reported outcome measurements (PROMs), scores 

 

4.2.7 Short-Form 36 (SF-36) 

The mean values of the eight subscales of the SF-36 questionnaire can be seen in 

Table 10. 

 

 Study population (n = 103) 

Physical Functioning (mean ± SD) 90 ± 14.5 

Role-Physical (mean ± SD) 86.9 ± 18.1 

Bodily Pain (mean ± SD) 82.7 ± 20.4 

General Health (mean ± SD) 81.6 ± 17.4 
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Vitality (mean ± SD) 62.2 ± 12.3 

Social Functioning (mean ± SD) 91.7 ± 16.7 

Role-Emotional (mean ± SD) 87.2 ± 19.9 

Mental Health (mean ± SD) 71.6 ± 11.9 

Table 10: SF-36, scores 

 

The values were normalized according to the guidelines and compared with the 

normal values of the US normal population. Values above 50 are above the US 

average, values below 50 are below the US average. In addition, the Physical 

Component Summary (PCS*) and the Mental Component Summary (MCS*) scores 

were calculated and listed. The Component Summary Scores are already 

standardized. The standardized values are listed in Table 11. 

 

 Study population (n = 103) 

Physical Functioning std. (mean ± SD) 52.8 ± 6.1 

Role-Physical std. (mean ± SD) 51.7 ± 7.1 

Bodily Pain std. (mean ± SD) 54.8 ± 8.6 

General Health std. (mean ± SD) 55.1 ± 8.3 

Vitality std. (mean ± SD) 53.5 ± 7.7 

Social Functioning std. (mean ± SD) 53.2 ± 7.3 

Role-Emotional std. (mean ± SD) 49.9 ± 9.3 

Mental Health std. (mean ± SD) 52.5 ± 8.4 

Physical Component Summary (mean 

± SD) 
54.1 ± 6.5 

Mental Component Summary (mean ± 

SD) 
47.3 ± 7.7 

Table 11: SF-36, standardised scores 

 
 
The rounded mean values from Table 11 were shown in Figure 4. Despite ACLR, 

the study population performed above average in almost all domains compared to 

the US normal population.  
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Figure 4: SF-36 std. scores, Comparison to the US normal population 

 

 

 

4.2.8 Knee Pain Map (KPM) 

The following two figures (Figure 5, Figure 6) were taken directly from the KPM 

questionnaire and are intended to clarify the anatomical areas and their designation 

by the corresponding letters. 

 

Figure 5 shows a right and a left knee in frontal view. The knees were divided into 

anatomical areas. The areas were labelled with letters. The areas of the right knee 

were labelled with capital letters. The areas of the left knee were labelled with lower 

case letters in mirror image of the right knee. 
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Figure 5: KPM, frontal view 

 

 

Figure 6 shows a left and a right knee as seen from behind. The anatomical areas 

are again labelled with letters. The areas of the right knee were labelled with capital 

letters. The areas of the left knee were labelled with lower case letters in mirror 

image of the right knee. 

 

Figure 6: KPM, view from behind 
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Table 12 describes how frequently each area was affected by pain in the study 

population. These areas were described as painful by the patients with the indicated 

frequency. The anatomically identical areas of the left and right leg were statistically 

combined into one variable. 

 

 Study population (n=103) 

Area A* (n, (%)) 8 (7.8) 

Area B* (n, (%)) 1 (1) 

Area C* (n, (%)) 5 (4.9) 

Area D* (n, (%)) 16 (15.5) 

Area E* (n, (%)) 12 (11.7) 

Area F* (n, (%)) 31 (30.1) 

Area G* (n, (%)) 41 (39.8) 

Area H* (n, (%)) 26 (25.2) 

Area I* (n, (%)) 16 (15.5) 

Area J* (n, (%)) 19 (18.5) 

Area K* (n, (%)) 7 (6.8) 

Area L* (n, (%)) 3 (2.9) 

Area M* (n, (%)) 5 (4.9) 

Area N* (n, (%)) 4 (3.8) 

Area O* (n, (%)) 45 (43.7) 

Area P* (n, (%)) 3 (2.9) 

Area Q* (n, (%)) 2 (1.9) 

Table 12: KPM, pain frequency in anatomical areas 

 

To illustrate the results graphically, the individual areas were highlighted in color. 

The individual areas were colored according to the frequency of pain using a visual 

color analogue scale. The rounded percentages were entered in the corresponding 

areas (Figure 7). The percentages indicate how often the individual areas were 

reported as painful in the study population. The percentages were taken from Table 

12. In Figure 7, only the right knee is shown in front and back view for graphical 

illustration. The percentages refer to the anatomically corresponding areas of both 

knees. 
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To improve clinical usefulness of the results, certain anatomical areas were grouped 

into anatomical regions and given new names (Table 13). 

 

Regions Areas 

Knee anterior A*, B*, C*, D*, E*, F*, G*, H*, I*, J* 

Knee posterior K*, L*, M*, N*, O*, P* 

Medial joint G*, F* 

Popliteal fossa O* 

Tuberositas J* 

Patella D*, E* 

Quadriceps A*, B*, C* 

Pes anserinus K* 

Lateral joint H*, I* 

Table 13: KPM, anatomical regions 

 

In addition, it was statistically examined how many of the patients experienced pain 

in these regions (Table 14). 

 

 Study population (n=103) 

Knee anterior (n, (%)) 72 (69.9) 

Knee posterior (n, (%)) 48 (46.6) 

Medial joint (n, (%)) 63 (61.2) 

Popliteal fossa (n, (%)) 45 (43.7) 

Tuberositas (n, (%)) 19 (18.5) 

Patella (n, (%)) 20 (19.4) 

Quadriceps (n, (%)) 12 (11.7) 

Pes anserinus (n, (%)) 7 (6.8) 

Lateral joint (n, (%)) 0 (0) 

Table 14: KPM, pain frequency in anatomical regions 

 

In particular, the medial knee joint space and the popliteal fossa were the most 

painful areas. Therefore, these regions were selected for further statistical 

evaluation (Figure 8). 
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4.3 Medial Knee Joint Pain 

4.3.1 Influencing Factors 

The following factors have a significant influence on the frequency of medial knee 

joint pain after ACLR: gender, medial meniscus damage, surgery after ACLR. 

Men (51 of 76) are more frequently affected by medial knee joint pain after ACLR 

than women (12 of 27) [x2 (1, N = 103) = 4.31, p = .038] (Figure 9). Patients who 

also had a medial meniscal injury at the time of surgery were also more likely to 

suffer from medial knee joint pain [x2 (1, N = 103) = 4.46, p = .035]. Patients who 

had another knee surgery on the affected knee after ACLR were more likely to suffer 

from medial knee joint pain [x2 (1, N = 103) = 4.59, p = .032]. 

 

 

Figure 9: Medial knee joint pain, Gender difference 
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4.3.2 Effects on Knee Function and Psychological State 

Table 15 describes the effects of medial knee joint pain on knee function (IKDC, 

TAS, Lysholm score) and psychological state (FESS, TSK, PCS) of the patients in 

the study population. The mean score for the level of general knee pain intensity 

(NRS, total) was also reported. The study population was divided into two groups. 

One group was patients with medial knee joint pain (n=63) and the other was 

patients with pain outside the medial knee joint region or generally without pain 

(n=40). 

 

 
No medial knee joint 

pain (n=40) 

Medial knee joint 

pain (n=63) 
P - value 

IKDC, total score 

(mean ± SD) 
89.1 ± 14.6 73.6 ± 14.8 < 0.001 

TAS, before injury 5.7 ± 2.4 6.3 ± 2.0 0.173 

TAS, tdc (mean ± SD) 5.2 ± 2.0 4.5 ± 1.5 0.061 

TAS, difference (mean 

± SD) 
-0.5 ± 2.0 -1.8 ± 1.7 0.001 

Lysholm Score (mean 

± SD) 
92.2 ± 14.6 81.6 ± 13.9 0.001 

FESS (mean ± SD) 56.6 ± 10.6 53.6 ± 8.0 0.138 

TSK (mean ± SD) 19.5 ± 6.7 22.3 ± 6.8 0.039 

PCS (mean ± SD) 8.0 ± 10.4 9.6 ± 10.5 0.459 

NRS, total (mean ± 

SD) 
0.39 ± 1.0 1.4 ± 1.6 < 0.001 

Table 15: Medial knee joint pain, effects 

 

Patients with medial knee joint pain scored lower, on average in the IKDC and 

Lysholm scores, resulting in inferior knee function. The decrease in performance 

between the athletic level before and after the ACL injury was more considerable in 

patients with medial knee joint pain (TAS, difference). Patients with medial knee joint 

pain had more fear of exercise and re-injury (TSK). Patients with medial knee joint 

pain had significantly higher levels of knee pain (NRS, total). 
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4.3.3 Effects on Quality of Life 

Medial knee joint pain had a significant effect on five of the eight subscales of the 

SF-36. There were significant differences in the subscales Physical Function, Role-

Physical, Bodily Pain, General Health, and Vitality (Table 16). 

 

 
No medial knee joint 

pain (n=40) 

Medial knee joint 

pain (n=63) 
P - value 

Physical functioning 

(mean ± SD) 
95.0 ± 16.1 86.8 ± 12.5 0.008 

Role-Physical (mean 

± SD) 
91.4 ± 18.1 84.0 ± 17.6 0.045 

Bodily Pain (mean ± 

SD) 
93.5 ± 16.9 75.8 ± 19.5 < 0.001 

General Health (mean 

± SD) 
86.3 ± 13.9 78.7 ± 18.8 0.021 

Vitality (mean ± SD) 66.1 ± 10.6 59.8 ± 12.8 0.007 

Social Functioning 

(mean ± SD) 
94.1 ± 18.3 90.3 ± 15.5 0.282 

Role-Emotional 

(mean ± SD) 
90.8 ± 18.3 84.9 ± 20.7 0.133 

Mental Health (mean 

± SD) 
74.0 ± 10.7 70.1 ± 12.4 0.093 

Table 16: Medial knee joint pain, SF-36 

 
 
The data from Table 16 is presented in Figure 10. Only the significant differences 

between patients with and without medial knee joint pain were shown. 
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Figure 10: Medial knee joint pain, SF-36 

 

 

4.4 Popliteal Fossa Pain 

4.4.1 Influencing Factors 

The following factors have a significant influence on the frequency of pain in the 

popliteal fossa: gender, age at surgery, age at TDC, re-ruptures. 

Men (39 of 76) are more frequently affected by popliteal pain than women (6 of 27) 

after ACLR [x2 (1, N = 103) = 6.85, p = .009] (Figure 11). Popliteal pain was most 

common in younger patients. Patients with popliteal pain were younger at the time 

of surgery [t (102) = 2.44, p = .017]. Patients with ACL re-ruptures had significantly 

more popliteal pain than those without [x2 (1, N = 103) = 11.2, p = .001]. 
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Figure 11: Popliteal fossa pain, Gender difference 

 

 

4.4.2 Effects on Knee Function and Psychological State 

Table 17 describes the impact of popliteal pain on knee function (IKDC, TAS, 

Lysholm score) and psychological state (FESS, TSK, PCS) of the patients in the 

study population. The mean score for the level of general knee pain intensity (NRS, 

total) was also reported. The study population was divided into two groups. One 

group was patients with pain in the popliteal fossa region (n=45), the other group 

was patients with pain outside the popliteal fossa or generally without pain (n=58). 

 

 
No Popliteal fossa 

pain (n=58) 

Popliteal fossa 

pain (n=45) 
P - value 

IKDC, total score 

(mean ± SD) 
84.2 ± 16.5 73.8 ± 14.8 0.001 

TAS, before injury 5.5 ± 2.0 6.9 ± 2.1 0.001 

TAS, tdc (mean ± SD) 4.9 ± 1.7 4.8 ± 1.8 0.761 
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TAS, difference (mean 

± SD) 
-0.6 ± 1.7 -2.1 ± 1.9 < 0.001 

Lysholm Score (mean 

± SD) 
89 ± 15.2 81.4 ± 13.8 0.009 

FESS (mean ± SD) 56.2 ± 9.2 52.8 ± 9.1 0.065 

TSK (mean ± SD) 19.6 ± 6.1 23.3 ± 7.3 0.008 

PCS (mean ± SD) 8.2 ± 10.4 9.9 ± 10.5 0.420 

NRS, total (mean ± 

SD) 
0.8 ± 1.4 1.2 ± 1.6 0.164 

Table 17: Popliteal fossa pain, effects 

 

Patients with popliteal pain scored lower on average in the IKDC and Lysholm 

scores, resulting in worse knee function. The decrease in performance between the 

athletic level before and after the ACL injury was greater in patients with popliteal 

pain (TAS, difference). Patients with popliteal pain had more fear of exercise and 

re-injury (TSK). 

 

4.4.3 Effects on Quality of Life 

Popliteal pain had a significant effect on four of the eight subscales of the SF-36. 

There were significant differences in the subscales Physical Functioning, Role-

Physical, Bodily Pain, Vitality (Table 18). 

 

 
No Popliteal fossa 

pain (n=58) 

Popliteal fossa 

pain (n=45) 
P - value 

Physical functioning 

(mean ± SD) 
92.8 ± 15.0 86.3 ± 13.0 0.020 

Role-Physical (mean 

± SD) 
90.7 ± 17.7 82.0 ± 17.6 0.014 

Bodily Pain (mean ± 

SD) 
87.3 ± 19.3 76.7 ± 20.3 0.009 

General Health (mean 

± SD) 
84.3 ± 15.2 78.2 ± 19.5 0.087 
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Vitality (mean ± SD) 64.7 ± 10.7 59.1 ± 13.7 0.028 

Social Functioning 

(mean ± SD) 
93.1 ± 17.1 90 ± 16.1 0.347 

Role-Emotional 

(mean ± SD) 
90.7 ± 17.9 82.8 ± 21.6 0.052 

Mental Health (mean 

± SD) 
73.2 ± 11.0 69.6 ± 12.7 0.137 

Table 18: Popliteal fossa pain, SF-36 

 

The data from Table 18 is presented in Figure 12. Only the significant differences 

between patients with and without pain in the popliteal fossa were shown.  

 

Figure 12: Popliteal fossa pain, SF-36 
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4.5 Psychological Influence on the Correlation between 

Pain and Function 

 

The pain intensity (NRS, total) was examined for correlations with the functional 

parameters (IKDC, TAS, Lysholm score). Each of the functional parameters showed 

a significant correlation with pain intensity. 

Patients with more severe pain scored correspondingly lower on the "IKDC, total 

score" (r = -.741, p = <.001), "Lysholm score" (r = -.681, p = <.001), "TAS, tdc" (r = 

-.422, p = <.001) and the "TAS, difference" (r = -.262, p = .007). 

 

These correlations were then tested for mediation by the psychological parameters 

(FESS, TSK, PCS) using partial correlations (Table 19).  

 

Correlations Mediator 

NRS, total IKDC, total score - 

NRS, total Lysholm Score - 

NRS, total TAS, tdc FESS, TSK 

NRS, total TAS, difference FESS 

Table 19: Association of pain and function, mediators 

 

The FESS significantly mediated the correlations of "NRS, total" and "TAS, tdc" (r = 

-.184, p = .064) and "NRS, total" and "TAS, difference" (r = -.063, p = .528).  The 

TSK mediated the correlations between the "NRS, total" and the "TAS, difference" 

(r = -.081, p = .421). The PCS did not mediate any of the correlations. 

 

 

Figure 13 shows the correlation between knee pain intensity and knee function 

measured with the IKDC. This correlation was not mediated by any of the 

psychological parameters (FESS, TSK, PCS). 
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Figure 13: Correlation between pain and IKDC 

 

 

Figure 14 depicts the correlation between knee pain intensity and knee function as 

measured by the Lysholm score. This correlation was not mediated by any of the 

psychological parameters (FESS, TSK, PCS). 

 

Figure 14: Correlation between pain and Lysholm score 
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4.6 Psychological Influence on the Correlation between 

Quality of Life and Pain/Function 

 

The QoL (SF-36) measured by the MCS* and PCS* was examined for correlations 

with the knee pain intensity (NRS_total) and the functional parameters (IKDC, TAS, 

Lysholm score). The significant correlations were then tested for mediation by the 

psychological parameters (FESS, TSK, PCS) using partial analysis. 

 

There were the following significant correlations with the MCS*: 

• Positive correlation between MCS* and NRS_total (r = .216, p = .028). 

• Negative correlation between MCS* and IKDC (r = -.283, p = .004) 

• Negative correlation between MCS* and TAS_difference (r = -.237, p= .016) 

• Negative correlation between MCS* and Lysholm score (r = -.248, p = .012) 

 

There were the following significant correlations with the PCS*: 

• Negative correlation between PCS* and NRS_total (r = -.709, p = .000). 

• Positive correlation between PCS* and IKDC (r = .839, p = .000) 

• Positive correlation between PCS* and TAS_difference (r = .413, p = .000) 

• Positive correlation between PCS* and Lysholm score (r = .864, p = .000) 

 

The partial analyses showed that none of the above correlations were mediated by 

psychological parameters (FESS, TSK, PCS). Due to the non-sensible correlations 

of MCS* with pain/function, a regression analysis was performed to reevaluate the 

results. 

In the multiple linear regression analysis, only a small percentage of the MCS* could 

be explained by the functional parameters and pain intensity (F(4, 98) = 2.68, p = 

.036, R2 = .062). None of the variables showed a significant influence on the MCS* 

in the model. 

The PCS* could be explained to a high percentage by the functional parameters 

and the pain intensity in the multiple linear regression analysis (F(4, 98) = 97.34, p 

= .000, R2 = .791). Each of the variables showed a significant influence on the PCS* 

in the model.  
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5 Discussion 

 

This study is one of the first to classify and locate postoperative knee pain after 

arthroscopic ACLR. Furthermore, its effects on function and QoL were investigated, 

taking patients’ psychological state into account. Previous studies on knee pain after 

ACLR have mainly focused on the prevalence, incidence and causes of AKP, but 

pain sensations have never been classified or localized more precisely in the long 

term. 

 

AKP is one of the most common complications after ACLR (7). It occurs more 

frequently with BPTB grafts and has been associated with the graft harvest site in 

the past (8, 10-14). However, AKP is also a common postoperative complication 

with other autografts such as HT grafts (8). The existing literature lacks a more 

detailed description and classification of postoperative knee pain. The terminology 

used for postoperative knee pain after ACLR varies. Most studies refer to 

postoperative pain conditions as anterior knee pain (AKP), others as patellofemoral 

pain or knee pain with no further descriptive term (15, 116). In our study, we show 

that there are specific chronic pain areas after arthroscopic ACLR in the long term. 

Furthermore, we were able to show that pain in certain anatomical regions, even if 

the average pain intensity is low, has a significant negative impact on patients' knee 

function and QoL.  

 

In the literature, the prevalence of AKP is estimated at 5-19% (8, 17-19). However, 

data on the prevalence varies widely (8, 63). This could also be explained by the 

different lengths of follow-up. According to previous studies, the prevalence of AKP 

decreases during the postoperative period (15, 16). In our study, the prevalence of 

AKP alone was close to 70% (Knee anterior) with a mean follow-up of 3.1 years. 

Despite the long follow-up time, most patients were subjectively affected by chronic 

pain sensations, although the pain intensity was low on average. The mean pain 

intensity in the study population was 1.0 out of 10 on the numerical rating scale 

(NRS_total). On average, the study population showed good results in the 

subjective functional outcome scores (IKDC, TAS, Lysholm score) and the QoL (SF-

36), which indicates a generally satisfactory surgical outcome. The QoL measured 
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by the SF-36 showed above-average results in almost all domains in the study 

population compared to the US normal population (Figure 4). However, due to 

cultural and geographical differences in the comparison groups, the results must be 

viewed with caution. 

 

With this study we were able to show for the first time that chronic postoperative 

pain after ACLR occurs more frequently in certain anatomical regions. To the best 

of our knowledge, Vasconcelos et al. were the only ones so far to go into more detail 

about the localization of these chronic pain sensations after ACLR (9). They 

explored the gross anatomical localization of AKP after ACLR comparing HT 

autografts and BPTB autografts at a mean follow-up of 28 months. In our study, a 

precise classification into anatomical areas and regions was made. The pain 

sensations occurred mainly in the medial knee joint (61.2%) and in the popliteal 

fossa (43.7%). The prevalence of pain in the remaining anatomical regions was < 

20% (Figure 8). These regions were not considered for further investigation. Medial 

knee joint pain occurred more often in male patients and patients with coherent 

medial meniscus damage or subsequent surgery. Pain sensations in the popliteal 

fossa was more common in men and in young patients. Patients with pain in one of 

the two regions expressed significantly worse subjective functional outcomes 

(IKDC, TAS, Lysholm score), as well as significantly lower outcomes in certain 

subdomains of the SF-36, even if the mean pain intensity was low. Vasconcelos et 

al. came to similar conclusions in their study (9). However, they reported higher 

mean pain scores with a mean pain intensity of 2.9 out of 10 in the numerical rating 

scale and a lower prevalence of 28% in their study population. 

 

It is known that the psychological constitution contributes significantly to recovery 

(76-78). Psychological factors such as kinesiophobia, pain-catastrophizing or 

patient self-efficacy influence the outcome after surgery in the postoperative course 

(20-22). In our study population, patients with medial knee joint pain or popliteal pain 

showed significantly increased levels of kinesiophobia compared to the rest of the 

study population. This could be exacerbated or triggered by the chronic complaints 

and in turn have a negative impact on the overall knee function and QoL. 

Furthermore, we investigated whether the association between function and pain 

intensity in our study population was mediated by these psychological factors. We 
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demonstrated that the level of RTS (TAS_tdc) was mediated by self-efficacy (FESS) 

and kinesiophobia (TSK). The association between pain and function, measured 

with the IKDC and Lysholm score, was independent of psychological factors. We 

were also able to show that the association between QoL and pain/function is not 

mediated by psychological factors. In our calculations, however, inconclusive 

correlations with the MCS* were missing. 

 

5.1 Limitations and Strengths 

A major limitation of our study is the heterogeneity of our study population. Many of 

the patients also had concomitant injuries at the time of surgery on the affected knee 

joint. These were individually treated during surgery. In addition, the patients were 

operated on by different surgeons with different grafts. Some patients already had 

untreated re-ruptures at the TDC or had already had several operations on the 

affected knee. 

Another limitation is the retrospective bias in the data collection. The patients' 

operations often took place several years ago and the assessment of their condition 

at that time could be biased. To better assess the QoL of patients’ after ACLR, a 

more homogenous comparison group would have been needed. 

One of the most considerable strengths of our study is that it is the first prospective 

observational study to classify and localize chronic knee pain after arthroscopic 

ACLR in more detail. In addition, we investigated whether the relationship between 

chronic pain sensations and subjective functional outcome and QoL is mediated by 

psychological factors for the first time. Another strength is the above-average length 

of the mean follow-up time, which provides further insights into the long-term 

outcome after arthroscopic ACLR. 

 

5.2 Conclusion 

This study is the first to show that chronic postoperative knee pain after arthroscopic 

ACLR occurs more frequently in the medial knee joint and the popliteal fossa. 

Chronic pain sensations occur more often than assumed in previous literature and, 

despite relatively low pain intensity, have a significant effect on the subjective 

functional outcome as well as on the patients' QoL. The negative correlation 
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between chronic pain and functional outcome (IKDC, Lysholm score) cannot be 

explained by psychological factors such as kinesiophobia, self-efficacy or pain-

catastrophizing. Due to the impact of chronic pain sensations on long-term outcome 

after arthroscopic ACLR, future studies should further address the prevalence and 

origin of these chronic pain sensations to further improve the quality of surgical care. 
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7 Appendix – Letter, Template Telephone, 

Informed Consent, Questionnaires (RedCap)  

7.1 Letter 
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7.2 Template_Telephone 
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7.3 Informed Consent 
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7.4 Questionnaires (RedCap) 

7.4.1 Enrolment 
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7.4.2 Einverständniserklärung 

 

 

  



 

 73 

7.4.3 “Fragebogen LKH-Uniklinikum Graz” 

 

 



 

 74 

 
  



 

 75 

7.4.4 Knee Pain Map 
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7.4.5 IKDC 

 

 



 

 78 

 



 

 79 

 
  



 

 80 

7.4.6 Tegner Avtivity Scale 
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7.4.7 Numeric Rating Scale 
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7.4.8 Lysholm Score 
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7.4.9 FESS 
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7.4.10 Tampa Scale of Kinesiophobia 
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7.4.11 PCS 
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7.4.12 SF-36 
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