UPPSALA
UNIVERSITET

gu

ACTA
UNIVERSITATIS
UPSALIENSIS
UPPSALA
2022

Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 1806

Radiological methods in
rheumatoid arthritis and
osteoarthritis

TOMAS SODERMAN

ISSN 1651-6206
ISBN 978-91-513-1392-4
URN urn:nbn:se:uu:diva-465325



Dissertation presented at Uppsala University to be publicly examined in Rontgens
foreldsningssal, in 70, 1 tr, Akademiska sjukhuset, Uppsala, Thursday, 10 March 2022 at
13:00 for the degree of Doctor of Philosophy (Faculty of Medicine). The examination will be
conducted in Swedish. Faculty examiner: Professor Seppo Koskinen (Karolinska institutet).

Online defence: https://uu-se.zoom.us/j/68643644250

Abstract

S6derman, T. 2022. Radiological methods in rheumatoid arthritis and osteoarthritis. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Medicine 1806.
76 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1392-4.

The dissertation's theme is the critical role of radiology when evaluating two different groups
of patients. Firstly, patients with rheumatoid arthritis (RA) of the cervical spine were studied
to evaluate upper spine instability with dynamic computed tomography (CT). Secondly, after
anterior cruciate ligament (ACL) reconstruction, patients with a long-term follow-up were
studied to evaluate osteoarthritis (OA).

In paper I, 21 consecutive patients with atlantoaxial subluxation due to RA planned for
atlantoaxial fusion were included. Radiographs were obtained in neutral and flexed positions,
CT and Magnetic Resonance Imaging (MRI) was performed with the neck in the neutral
position and CT also in flexion. Radiographs and CT measurements of atlantoaxial
subluxation correlated but were larger using radiographs than CT in flexion. The spinal cord
compression was significantly worse at CT obtained in flexed position than MRI in the neutral
position.

In papers II and III, the cohort consisted of 60 patients, and in paper 1V, 73 patients.
Mean follow-up was 31 years after ACL reconstruction. MRI, radiographs, International Knee
Documentation Committee (IKDC) clinical assessment, Knee injury Osteoarthritis Outcome
Score (KOOS), Short Form-36 (SF-36), Tegner Activity Scale, and KT-1000 arthrometer were
used in order to evaluate the patients. Thirty-three patients showed an intact ACL graft, and 40
a ruptured ACL graft. Forty-nine patients had tibiofemoral OA, and 28 patients had
patellofemoral OA. Patients with ruptured ACL grafts had more OA in the medial tibiofemoral
compartment than those with an intact ACL graft. Sport and Recreation Function and Quality
of life scores were higher in patients with an intact ACL graft than those with a ruptured
ACL graft. All subscales of KOOS were higher in the group without OA. KOOS Quality of
life score was lower than for a control group of men. The IKDC overall clinical assessment
was worse in patients with a ruptured ACL graft.

This thesis suggests that radiographs remain the primary imaging method for evaluating
atlantoaxial instability. However, CT in flexed position is useful in the preoperative imaging
workup. Patients with a ruptured ACL graft presented with more OA of the medial
tibiofemoral compartment than those with an intact graft. Patients with an intact ACL graft
and those without OA reported higher sports activity and recreation and better knee-related
Quality of life. Knee-related Quality of life in the study group was reduced compared to a
reference group.
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Abbreviations

aAAS
AADI
ACL
ACL-QoL
ACPA

Al

ALL

CR

cT

CMD

KL

MRI
MRT
IKDC
KOOS
ADL

Pain
Sport/Rec
Symptoms
QoL

OA

PADI

RA

RF

SF-36

PF

RP

BP

GH

Anterior atlantoaxial subluxation

Anterior atlantodental interval

Anterior Cruciate Ligament

Anterior Cruciate Ligament Quality of Life
AntiCitrullinated Protein Antibody

Acrtificial intelligence

Anterolateral ligaments

Computed Radiography

Computed Tomography

Cranial Migration Distance

Kellgren & Lawrence radiological OA classification
Magnetic Resonance Imaging

Magnetisk resonanstomografi

International Knee Documentation Committee
Knee injury Osteoarthritis Outcome Score

Function in daily living (Activities of Daily Living), subscale
of KOOS

Subscale of KOOS

Function in sport and recreation, subscale of KOOS
Subscale of KOOS

Knee related Quality of Life, subscale of KOOS
Osteoarthritis

Posterior atlantodental interval

Rheumatoid arthritis

Rheumatoid factor

Short Form 36

Physical functioning, subscale in SF-36

Role physical, subscale in SF-36

Bodily pain, subscale in SF-36

General health, subscale in SF-36



VT

SF

RE

MH

VD
WOMAC
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Vitality, subscale in SF-36

Social functioning, subscale in SF-36
Role emotional, subscale in SF-36
Mental health, subscale in SF-36
Vertical dislocation

Western Ontario and McMaster Universities Osteoarthritis
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Definitions

aAAS

Allograft

Autograft

CC

Isometric

KL>2

McRae line

PAS

Anterior atlantoaxial subluxation was defined as an AADI 3
mm or more. Unstable aAAS was defined as the difference
between AADI in the flexed and neutral positions being equal
to or greater than 2 mm.

Tissues that are transplanted from one individual to another
within the same species.

Tissues are transplanted from one area on an individual to
another area on the same individual.

Cord compression and subarachnoid space involvement were
defined as normal space, decreased space, or cord compression.

Isometric placement of the ACL graft means that the distance
between the attachment in the tibia and the femur is constant
along the entire range of motion.

Definition of radiological osteoarthritis used in Paper Il and
IV. OA is defined as Grade 2 or more in the Kellgren &
Lawrence radiological OA classification.

Line connecting the opisthion and the basion (foramen
magnum line).

Patient acceptable symptom state. State that corresponds to an

overall health state at which patients consider themselves to be
feeling well.
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Introduction

The present thesis comprises research on patients with rheumatoid arthritis
(RA), specifically those suffering from instability in the cervical spine, and on
patients with osteoarthritis in the knee following traumatic injury and anterior
cruciate ligament reconstruction. Below is a brief review of RA in the unstable
cervical spine and osteoarthritis after anterior cruciate ligament
reconstruction.

Rheumatoid arthritis in the unstable cervical spine

RA is a chronic progressive autoimmune systemic inflammatory disease,
which affects nearly all organ systems and primarily bone, joints, and
ligaments (1-5). A large number of synovial joints in the cervical spine makes
it vulnerable to RA. RA is the most frequent inflammatory disorder in the
cervical spine (6). The cervical spine is affected in around two-thirds of RA
patients, and it may present early in the disease, though it is usually discovered
after peripheral signs of RA have arisen (7-9). RA causes instability in the
cervical spine, which in the most extreme consequence can lead to sudden
death (10-12).

Around one percent of the population is affected by RA (4, 5). RA is three
times more common in women than in men, who have a greater risk for
advanced cervical disease (5).

Diagnosis of RA

The 2010 Rheumatoid arthritis classification criteria question the traditional
RA paradigm by emphasizing aspects of the illness at earlier stages correlated
with chronic and erosive disease, rather than characterizing the disease by its
late-stage characteristics (13, 14). The existence of autoantibodies such as
rheumatoid factor (RF) and anticitrullinated protein antibody (ACPA) can
occur several years before the clinical manifestation of RA (15).

In addition, structural changes visible with conventional radiography or
other imaging modalities are seldom visible in the early stages of the disease
and instead accumulate over time (16-18).
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Misalignments in the cervical spine

Acrticular cartilage, ligaments, and bone are destroyed by synovitis. In the C1-
C2 joint, pannus formation destroys the joint, transverse ligament, and joint
capsules, leading to atlantoaxial subluxation, in most cases anterior, with
increased anterior atlantodental interval (AADI) and decreased posterior
atlantodental interval (PADI) (19-22). Subsequently, atlantoaxial subluxation
may show signs of stability or even improvement in the anterior atlantodental
interval on x-ray, indicating the onset of vertical subluxation (13, 14, 23).
When erosions progress in the craniocervical junction, this leads to superior
migration of the odontoid, cranial settling, with the risk for brainstem
compression and sudden death (Figure 1) (6, 14, 22, 24). The frequency of
cranial settling increases with more advanced RA disease. Subaxial
subluxation is caused by the destruction of the facet joints and the
intervertebral disk. It usually develops after vertical subluxation (25). When
present in several levels, it will cause a so-called staircase deformity. Lateral
subluxation, which occurs when the lateral masses of Cl are displaced
laterally by more than 2 mm in relation to C2, is less common. This might
result in head tilt and rotational abnormalities (26).

Figure 1. Sagittal computed tomography reconstruction of the craniocervical junction
displaying vertical dislocation, where the tip of dens axis is situated in the foramen
magnum.

Risk factors for RA and clinical manifestations

Male gender, rheumatoid factor seropositivity, severe peripheral lesions, and
long-term corticosteroid usage are risk factors for developing cervical disease
(6). Many patients may have advanced cervical disease without symptoms, or
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symptoms masked by degenerative disease. Neck pain, myelopathy, and
radiculopathy can occur in both diseases (27).

Radiological assessment of the cervical spine

Both patients with and without symptoms from the cervical spine should be
examined with radiographs in the lateral and anteroposterior views, and in
lateral views in extension and flexion (2, 28). It is possible to identify
misalignment with x-rays like atlantoaxial subluxations, but bony erosions in
the craniovertebral junction are easily missed. Some centres examine their
patients at regular time intervals in order not to miss disease in the cervical
spine (2).

When reading radiographs, it is of great importance to assess the relationships
between C1 and C2. A distance less than 3 mm in the anterior atlantodental
interval (AADI) is normal (29). AADI greater than 8 mm indicates complete
rupture of the transverse and alar ligaments (24). The posterior atlantodental
interval (PADI) is more important, estimating the available space for the
spinal cord in the upper cervical spine (24). The spinal cord is approximately
10 mm wide, and it should be surrounded by 1 mm of cerebrospinal fluid.
Additionally, 1 mm of dura is needed. That means that in total, the spinal canal
diameter should not be less than 14 mm (24). Evaluation of AADI and PADI
should be done in both extension and flexion views (2). However, it must be
remembered that soft tissues like the pannus can also cause cord compression.
Therefore, cord compression can occur even with normal radiographs. As a
consequence, functional magnetic resonance imaging (MRI) in flexion and
extension has been used to evaluate cord compression in the cervical spine in
patients with RA (30-33). When radiographs show pathological involvement
of the cervical spine and when the patient experience cervical symptoms, it is
mandatory to additionally perform CT (computed tomography) or MRI (34).

Cranial settling, a condition in which erosion of the atlantal lateral masses
result in downward telescoping of the atlas onto the axis body, may escape
diagnosis on radiographs due to over-projecting structures in the
craniocervical junction (35). This diagnosis is further complicated when
erosion of the dens axis is present. Several measurement methods have been
used to assess cranial settling (20, 36, 37), in essence, to evaluate the relation
of the dens axis to that of the foramen magnum. Displacement of the dens axis
into the foramen magnum can lead to brainstem compression and possibly
death (10).

CT is the best method to visualize bony changes, like erosions, ankylosis,
and spondylosis, and show the bony anatomic relationships in the
craniocervical junction, which are essential for preoperative planning (38). CT
may reasonably well display soft tissues, like the subarachnoid space and
spinal cord. However, MRI is superior for visualizing the spinal cord and other
soft tissues like pannus and synovia (39).
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Some patients cannot be examined by MRI due to claustrophobia,
positioning problems, or other contraindications. CT is better available, less
expensive, faster, and has a larger gantry than MRI scanners. This makes CT
an alternative to evaluating soft tissues in the craniocervical junction.

Treatment

Disease-modifying antirheumatic drugs (DMARDs) have reduced the
frequency of advanced RA with involvement of the cervical spine (40, 41).
However, while DMARDs may prevent the formation of new lesions, they do
not prevent the progression of existing ones (42, 43). Thus, some patients still
develop advanced disease in the cervical spine, necessitating surgical therapy
(44). Non-operative treatment of cervical spine instability in RA comprises
collar fixation or traction with immobilization, deep muscle physical exercise,
and patient education (45, 46). However, when cervical spine involvement
causes symptoms, surgical stabilization should be considered since it has been
shown to delay and, in some circumstances, arrest disease progression and
improve functional status (47). A C1-2 fusion is, in general, the first surgical
procedure to be considered in the setting of aAAS (48-51). Occipital-cervical
fusion may be used in cases of vertical subluxation (52). Subaxial subluxation
therapy aims to enhance subaxial cervical spine alignment and, if required,
decompress the spinal cord. These objectives can be met with multilevel
cervical laminectomy and fusion (53, 54).

Osteoarthritis after anterior cruciate ligament
reconstruction

The anterior cruciate ligament (ACL) has a reported injury rate between 78
and 81/100 000 individuals and years (55). The incidence of ACL injuries is
slowly increasing, especially in females. This may be due to their increasing
participation in high school sports and other organized sports (56). In addition,
several studies have shown that female athletes are at an increased risk of ACL
injury in sex comparable sports (57).

In Sweden the ACL injury occurs at a young age; the average age for ACL
injury is 32 years (55). Approximately half of the patients have osteoarthritis
(OA) 10-20 years after ACL injury (58, 59). This is considerably higher than
in those without ACL injuries (60, 61). OA increases with age, but exacerbates
in patients having undergone ACL reconstruction, who are likely to suffer
from OA at an earlier age compared to the average population (61). It seems
that development of OA is similar whether the patients undergo ACL
reconstruction or non-operative treatment (55).
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Diagnosis of OA

A clinical diagnosis of knee OA can be made based on the symptoms of knee
pain, short-term morning stiffness, functional impairment, and the
examination signs of crepitus, restricted movement, and bony enlargement
(62). Radiology (plain film X-ray) is often used to classify OA, for which
several radiological OA classifications can be used (63). The most used
system, described by Kellgren and Lawrence , defines OA in five grades: 0 =
no changes, grade 1 = doubtful narrowing of joint space and possible
osteophytic lipping, grade 2 = definite osteophytes and possible narrowing of
joint space, grade 3 = moderate multiple osteophytes, definite narrowing of
joint space and some sclerosis and possible deformity of bone ends, grade 4 =
large osteophytes, marked narrowing of joint space, severe sclerosis and
definite deformity of bone ends (64). The cut-off value for diagnosing knee
OA in the Kellgren and Lawrence system is grade > 2. Different descriptions
of Kellgren and Lawrence criteria of knee OA and differences in OA
radiological classification systems applied in various trials have made it
difficult to compare existing studies (65-67).

Furthermore, from a multicentre knee osteoarthritis study, it has been reported
that there can be different thresholds for detecting osteophytes and joint space
narrowing when grading by on-site investigators and the centralized reader are
compared (68).

OA Pathogenesis and effect on ACL

OA is nowadays regarded as an inflammatory and biomechanical whole-organ
disease (69). Age, obesity, and metabolic disease are major risk factors for OA
(70, 71). Further factors related to the development of OA are medial
meniscectomy, lateral meniscectomy, presence of irreparable meniscal tears,
articular cartilage damage, body mass index, age at follow-up, age at
intervention, length of follow-up, less than normal knee extension or flexion,
the period between injury and surgery, activity level and residual instability
(65, 72, 73).

Loss of articular cartilage is a key characteristic of OA. In addition to the
cartilage, OA affects the entire joint, including the synovium, capsule,
ligaments, and subchondral bone (74). Interestingly, at knee joint replacement,
ACL deficient knees have shown shorter intercondylar notch widths than
knees with an intact ACL (75). Narrowing of the intercondylar notch, because
of the osteoarthritic process, may result in ACL attrition and rupture of the
ACL ligament or graft (75).
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OA mechanism in the ACL injured knee

Post-traumatic OA after ACL injury is caused by factors at the time of injury
and factors affected by surgery (76, 77). At the time of injury, the patient
obtains a bone bruise or subchondral fracture, chondral injury, elevated levels
of inflammatory mediators, and meniscus damage. The chondral injury affects
overall cartilage homeostasis, resulting in a global degradation in the joint
(73). Injury to the medial meniscus is particularly important since it acts as a
secondary stabilizer of the knee joint against anterior tibial translation, and
accounts for more than 50% of load transmission across the knee (78-80).

Furthermore, injuries to anterolateral ligaments increase rotational laxity,
contributing to cartilage and meniscus injuries (81, 82). Knee surgery itself
leads to higher levels of inflammatory mediators, which can cause dilation of
the tunnels in the femur and tibia, leading to laxity and altered kinematics.
ACL reconstruction reduces future meniscus injuries but does not restore
normal knee kinematics (83, 84). Changes in contact pressure between parts
of the joint contribute to the development of OA in the longer perspective (85,
86).

ACL anatomy and function

The ACL comprises two bundles, the anteromedial and posterolateral bundles,
according to their respective tibial insertion sites (87, 88). The ACL fibers'
length ranges from 22 mm to 41 mm, with a mean of 32 mm (87). The oval
ACL's narrowest diameter occurs in the midsubstance with a transverse
diameter of 5.6 mm in men and 4.75 mm in women (89, 90).

The ACL is the primary restrictor against anterior tibial displacement (91).
The anteromedial bundle is tighter in flexion, and the posterolateral bundle is
tighter in extension (92). The posteromedial bundle is an essential stabilizer
of rotational instability while the anteromedial bundle controls anteroposterior
translation of the tibia (87).

Choice of treatment method

Prophylaxis is the best approach and Myklebust et al. showed that it is possible
to prevent ACL ruptures with neuromuscular training (93). Furthermore, the
identification of risk factors for ACL injury is vital in order to prevent injury
(94).

However, when you sustain an ACL rupture, this will have consequences
for the rest of your life, regardless of whether surgery or non-operative
treatment is chosen. Therefore, for a well-balanced choice it is essential to
understand the long-term consequences of the different treatment options (72).

Nowadays, the problem of ACL injury is seen more from the individual
patients’ point of view, than on a group level (95). In a recent dissertation, it
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was concluded that ACL reconstruction, as a treatment after an ACL injury,
is recommended for young patients, those with high activity demands, and
patients suffering from knee joint instability (96). Due to the danger of
subsequent cartilage and meniscus lesions, if surgery is delayed, a treatment
consensus committee has suggested early anatomical ACL reconstruction in
patients with high activity demands who participate in pivoting sports (97).
Non-operative treatment is often chosen when there is lack of knee joint
instability problems, good knee function, and when the patient is willing to
accept a moderate activity level (98, 99).

The ACL procedure

The objective of ACL reconstruction is to restore functional knee laxity and
to prevent development of OA (100). The single-bundle techniques aim to
restore the anteromedial bundle of the ACL, which controls anteroposterior
laxity but not rotational laxity (101). The anatomic double-bundle technique
focuses on increasing the resemblance to the original complex anatomical
structure and function of the ACL and also addresses rotational instability
(102, 103).

Techniques for ACL reconstruction have evolved over time limiting
extensor mechanism injury, decreasing scarring in the knee, and preventing
articular cartilage exposure (104). Initially, the reconstruction was performed
as an open surgical procedure, but was in the 1980s replaced by arthroscopic
reconstruction because of better results (105). In 1994, arthroscopic double-
bundle technology was introduced (106). In the late 1990s, the anatomic
reconstruction of the ACL was introduced with the aim of restoring the
original ACL anatomy and function (102). Anatomic ACL reconstruction has
been defined "as the functional restoration of the ACL to its native
dimensions, collagen orientation, and insertion sites" (107). The surgical
approaches employed in research involving anatomical ACL repair must be
similar to compare the results between studies. An expert panel has created a
checkilist for anatomical ACL reconstructions to solve this problem (108).

Follow-up after ACL reconstruction

Follow-up after ACL reconstruction utilizes radiology, mechanical testing of
joint stability, physical examination, and patient-reported outcomes.
Optimally, follow-up after ACL reconstruction should use one patient-
reported knee-specific outcome tool, one activity rating scale, and one health-
related quality of life instrument (109).

Radiology

Before reading the radiology examination, it is essential to be aware of what
type of reconstructive surgical procedure that has been performed, for
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example, patellar tendon or a hamstring graft, double or single-bundle
reconstruction, and anatomic or isometric placement of the graft.
Radiographs and CT are used to assess tunnel positions, fixation devices, and
signs of OA (110). MRl is valuable postoperatively to assess graft healing and
maturation, determine the graft's position, and evaluate potential
complications or reinjury (111, 112). Furthermore, MRI provides assessment
of tunnel position, tunnel enlargement, fixation devices and donor site
pathology (113, 114).

The accuracy of determining ACL graft rupture varies between studies and
MRI techniques used (115). According to one study, MRI arthrography has
greater specificity and sensitivity than conventional MRI imaging (116).
Partial graft tears pose a more complicated diagnostic problem, with the most
crucial finding being a change in graft calibre (117).

Assessment of meniscal injuries is critical since OA development is
increased when meniscal injuries are present (118, 119). Compared to
arthroscopy, results are good, and in case of postoperative meniscal repair, the
results are better when MRI arthrography has been used (120-122).

Clinical measurement of knee function

Traditionally, knee function is assessed by physical examination. The
International Knee Documentation Committee (IKDC) form is a knee form
that covers range of motion, evaluation of ligaments, the patient’s subjective
functional assessment, symptoms, compartmental findings, harvest site
pathology, X-ray findings, as well as functional tests (123). Only the first four
groups are included in the final overall IKDC rating (123).

Mechanical stability

ACL graft laxity is commonly assessed using the KT-1000 arthrometer
(MEDmetric® Corp., San Diego, CA, USA) to measure anterior-posterior
translation (mm). The reliability, reproducibility, sensitivity, and specificity
of the KT-1000 have been analysed and evaluated (124-128). The KT-1000
assessment assumes a normal contralateral ACL. A side-to-side difference of
3 mm or more is defined as a mechanical laxity and an indication of abnormal
knee laxity (124, 126, 129).

Patient-reported outcomes

Patient-reported outcomes (PRO) are essential to understand the patients'
opinion of their treatment and clinical outcome (130). The Knee injury and
Osteoarthritis Outcome Score (KOOS) is frequently used for follow-ups after
ACL reconstruction (131, 132). KOOS is usually collected preoperatively,
and at appropriate intervals after surgery, which enables comparisons between
subgroups. The KOOS is an extension of the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and was validated for patients
with OA of the knee (133). Despite the inclusion of the Sport and Recreation
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and Quality of Life subscales, the KOOS has limited measurement properties
in the three original WOMAC subscales when used for patients after ACL
reconstruction (134, 135). KOOS has several questions that are in danger of
having a ceiling effect, i.e., the item is too "simple™ for the patient (109).
Furthermore, the KOOS lacks specific categories about instability, which
is one of the most prevalent symptoms and constitutes one of the strongest
indications for ACL reconstruction. The International Knee Documentation
Committee subjective knee Form (IKDC-SKF) is another PRO relevant for all
kinds of knee injuries (136). In contrast to KOOS, it has no floor or ceiling
effects (137). Furthermore, normative data and cut-offs for what patients’
regard as an acceptable symptom state have been established (138-140).

Quality of life

When evaluating results after ACL reconstruction, it is of great importance to
assess the patient's quality of life. There are health-related quality of life
instruments like SF-36, knee-related quality of life instruments like KOOS
QoL subscale, and ACL-specific instruments like ACL-QoL (132, 141, 142).
According to a review by Filbay et al., patients assessed using a knee-specific
measure (KOOS-QoL) were more likely to report lower HRQoL scores than
those assessed using a generic HRQoL score (SF-36) compared with
population norms (143).

Activity Level

Patients differ considerably in terms of frequency and intensity when it comes
to sporting activities. Therefore, activity rating is essential when comparing
two treatments, to verify that the patient groups are comparable in this regard
(144). Furthermore, activity level is essential to assess to establish if the
therapy was successful in restoring the patients’ pre-injury activity level (109).

The Tegner activity scale is an assessor-reported outcome for evaluating
activity levels in subjects suffering from an ACL injury (145). The activity
scale is graded from 0 to 10 points, and the level of activity is determined as
follows: 0 = not working secondary to knee problem; 1-2 = walks; 3-5 non-
pivoting sports; 6-7 = pivoting recreational or competitive sports; 8-10 =
pivoting, competitive sports.

The Marx activity scale is a patient-reported outcome that assesses the
frequency of four specific activities: running, cutting, decelerating, pivoting,
performed during the past year (146).

Patients with RA in the cervical spine and patients who have undergone ACL
reconstruction may suffer from instability and pain. In both situations,
limitations in function and in quality of life occur.

Radiological assessment of the cervical spine in patients with RA is
performed to quantify instability and compression of the spinal cord.
Sometimes compression of the spinal cord is caused by soft tissues, such as
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pannus. The best method to evaluate soft tissues is MRI. However, some
patients cannot undergo MRI because of contraindications like
claustrophobia, implants, or foreign objects, and in these circumstances, CT
can be utilized.

After ACL reconstruction, it is essential to understand the long-term
consequences in order to choose the appropriate treatment for the specific
patient. However, there are only a few studies beyond 20 years after ACL
reconstruction reporting radiographic, physical, and patient-reported
outcomes (72, 147).

This thesis aimed to evaluate upper spine instability with dynamic
computed tomography and to assess the long-term outcome after ACL
reconstruction.
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AIms

General aims

To evaluate upper spine instability with dynamic computed tomography.
To assess the long-term outcome after anterior cruciate ligament
reconstruction.

Specific aims
Study |

To compare CR with CT (static and dynamic) in order to evaluate upper spine
instability in patients with RA.

To determine whether CT in flexion adds value compared to MRI in neutral
position for assessing compression of the subarachnoid space and spinal cord.

Study I1-1V

To report long-term outcome after ACL reconstruction in terms of graft
failure, knee laxity and OA.

To report long-term outcome after ACL reconstruction in terms of knee
function measured with clinical assessments and patient self-reported
outcomes. To report long-term outcome after ACL reconstruction in terms of
quality of life and factors that could affect quality of life.
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Material and methods

Paper |

Patients and study design

The study design was prospective. Twenty-one consecutive patients (four men
and 17 women and aged 45 to 80 years) with atlantoaxial subluxation due to
rheumatoid arthritis, and planned for atlantoaxial fusion were included and
underwent imaging between October 2003 to May 2007.

Computed Tomography

CT utilized a Siemens HiQ CT scanner (Siemens, Erlangen, Germany) at 120
kv and 380 mAs with a slice thickness of 1.25 mm and a collimation of 1 mm.
Using a typical soft tissue and bone reconstruction technique, respectively, the
images were further reformatted in the sagittal and coronal planes. CT was
performed with the patients in supine and neutral positions and then with the
head and neck in a flexed position during intravenous contrast-enhancement.

Radiography
The cervical spine was evaluated with routine computed radiography (CR)

with the patient seated with the head and neck in neutral and flexed positions
(n=20) and in flexion and extension (n=1).

Magnetic Resonance Imaging

For routine MRI the patient was positioned supine with the head and neck in
a neutral position. A 1.5T Gyroscan Intera scanner (Philips Medical System,
Best, the Netherlands) was used for MRI on 18 individuals. A Siemens 1,5T
Symphony, Siemens 1T Harmony, and Siemens 1T Harmony Expert was used
to evaluate another three patients. A dedicated neck coil was used to obtain 3
mm or 4 mm T1 weighted images in the sagittal plane.
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Radiological evaluation

AADI was used to determine the amplitude of anterior atlantoaxial
subluxation (aAAS) (Figure 2). The term aAAS refers to an AADI >3 mm. To
evaluate the instability of aAAS, the difference between AADI in flexion and
neutral position was computed. Unstable aAAS was defined as the difference
between AADI in flexed and neutral positions being equal to or greater than 2
mm (30). At the level of C1, the posterior atlantodental interval (PADI) was
determined (Figure 2).

Figure 2. Sagittal reformatted CT image (bone window setting) showing the anterior
atlantodental interval (AADI) and the posterior atlantodental interval (PADI).

Vertical dislocation (VD) was determined in all positions by measuring the
cranial migration distance (CMD), which is the distance between the postero-
caudal corner of the axis and the line connecting the opisthion and the basion
(foramen magnum line, line of McRae) (31, 33). Additionally, the tip of the
dens was evaluated in reference to the foramen magnum line, i.e., the distance
between the superior margin of the dens and the McRae line.

On a three-point scale, spinal cord compression and subarachnoid space
involvement were defined as normal space, decreased space, or cord
compression. The term "decreased space” refers to focal impingement on the
subarachnoid space. Compression of the spinal cord was described as contact
between the pannus or misplaced spinal structure and the spinal cord and/or
spinal cord deformities. This was determined at the atlantoaxial level.
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Paper I1-1V

Patients and study design

A retrospective case series on clinical and radiological assessments performed
28-33 years after ACL reconstruction included 134 consecutive patients who
underwent ACL reconstruction at the Karolinska University Hospital between
1968 and 1973. Primarily, all patients had been treated non-operatively for
their ACL rupture but were later referred to surgery, because their knee joint
instability prevented them from returning to their desired physical activities.
Some of the patients showed previous knee injuries and entered the study
diagnosed with medial collateral ligament injury, meniscal tears, and/or OA.
Eighty-nine out of the original 134 patients were evaluated at the Karolinska
University Hospital mean 31 years after ACL reconstruction. Because of
missing radiology data (n=10), missing clinical data (n=1), ungradable ACL
grafts (n=2), and patients with knee prosthesis (h=3), 16 patients were
excluded, and 73 patients remained for the present assessment (Figure 3).
Papers Il and 1l included 60 patients, 13 extra patients were excluded due to
surgery to the contralateral knee.

There were 67 (92%) men and 6 (8%) women with a mean age of 27+6
years at index surgery. Fifty-six percent of the patients had injured their right
knee and 44% their left knee. The mean follow-up period was 31+1.6 years.
The mean age at follow-up was 57+6.4 years.
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134 patients with
ACL reconstruction
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Figure 3. The patients in the current follow-up mean 31 years after ACL
reconstruction. The analysed patients are shown to the left. The dropouts from the
original 134 patients are shown to the right.

ACL reconstruction technique

The ACL reconstruction was done using a procedure described by Gillquist et
al. at the Karolinska University Hospital in 1966 (148). They dissected off
two-thirds of the patella retinaculum, the ligament that covers the patella, and
then used the medial third of the patellar tendon. The tendon's insertion in the
tibial tuberosity was left intact and the ACL graft was drawn into the knee
joint through a hole created from the tibial tubercle (near to the typical tibial
attachment of the ACL). Two suture holes were drilled through a separate
incision on the exterior of the lateral femoral condyle. A shallow hole was also
created at the ACL's typical posterior insertion. Sutures through the ligament
were put at various locations to allow the ligament flap to stretch, as the
sutures were tied one by one (Figure 4). Meniscus excision and medial
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collateral ligament repair were conducted in cases where related surgery was
performed concurrently with index surgery (148).

Figure 4. Schematic illustration of how the drill channel through the tibia was
designed and how the tendon was drawn through it (Courtesy Ejnar Eriksson, MD).

Post-operative treatment

A posterior plaster sprint was used for one week. The splint was then
exchanged for a partially mobile cast-brace, allowing the knee to flex 20-60
degrees, and the patients were allowed to put weight on the operated leg. The
cast-brace was used 4 to 5 weeks postoperatively. Physiotherapy started
immediately after surgery and continued for six (continuous) weeks while the
cast-brace was still in place. The goal of rehabilitation was to improve range
of motion of the knee joint, increase thigh muscle strength, and improve
balance and coordination (149).
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Instrumented knee joint laxity

The ACL graft laxity assessment was performed using the KT-1000
arthrometer (MED metric® Corp, San Diego, CA, USA). The KT-1000
assessment assumes a normal contralateral ACL. A side-to-side difference of
3 mm or more was defined as a mechanical laxity and an indication of
abnormal knee laxity (124, 126, 129). Anterior displacement of the tibia was
measured using manual maximum. Both knees were measured, and the data
were reported in mm and the difference between involved and non-involved
knees.

Clinical outcome measures

Obijective evaluations were performed using the 2000 International Knee
Documentation Committee (IKDC) objective form (123, 150). Subjective
evaluations utilized the KOOS (132), the Swedish version of SF-36 (151,
152), and the Tegner Activity Scale (145).

Patient Satisfaction

The patients reported their satisfaction in terms of clinical outcome on a four-
graded scale: very satisfied, satisfied, dissatisfied, and very dissatisfied. The
patients also answered the following question with yes or no: Would you go
through a new reconstructive surgery of the ACL if you sustain an ACL injury
again?

Patient's acceptable symptom state

It is critical to interpreting patient-reported outcomes in a clinically relevant
way. Measuring the patient's acceptable symptom state (PASS) is a standard
method (13). The KOOS QoL was scored using a PASS cut-off value of 62.5
or higher (140).

Radiological evaluation

Weight-bearing radiographs in anteroposterior, lateral, and a skyline view of
the patellofemoral compartment were acquired (153, 154). MRI was
performed on a low field, 0,2 T scanner (Esaote, Arthroscan), to obtain sagittal
(T2 STIR5mm, T25 mm, T1 5 mm, T1 4 mm, and T1 3 mm) and coronal
(T2 STIR 5 mm and T1 5 mm) images. The radiological examinations were
read in consensus by two senior consultants in musculoskeletal radiology.
The radiographs were assessed to determine the degree of OA using the
Kellgren-Lawrence classification and to evaluate the position of the tibial graft
tunnel. Radiographic tibiofemoral and patellofemoral OA was defined as
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Kellgren-Lawrence > 2 (67). The tibial graft tunnel was assessed in the sagittal
plane. Where the tunnel emerged on tibia was graded as 1 = anterior third of
the tibia in the sagittal plane, 2 = middle third of the tibia in the sagittal plane,
3 = rear third of the tibia in the sagittal plane.

MRI was used to assess the menisci and the structural integrity of the ACL
graft. The menisci were classified as 1 = normal, 2 = small/defect, 3 = rupture
and 4 = missing. The ACL graft was graded as intact, ruptured/missing, or
impossible to evaluate due to artifacts.

Statistical methods

Paper |

GraphPad Prism version 6.00 for Maclntosh (GraphPad Software, La Jolla
California USA, www.graphpad.com) was used to analyse the data.
Frequency, mean and median were used for descriptive statistics. For
correlation analysis, the Pearson correlation coefficient was utilized. Bland-
Altman was used to quantify the agreement between X-rays and CT regarding
AADI and PADI. For group comparisons, paired t-test and Wilcoxon
matched-pairs signed-rank test were utilized.

The significance level was set at P<0.05. Multiple comparisons were not
mathematically corrected (155).

Paper 1I-1V

GraphPad Prism version 7.00 for Macintosh (GraphPad Software, La Jolla,
CA, USA, www.graphpad.com) was used to analyse the data. Frequency,
mean and median were used for descriptive statistics. For group comparisons,
a Mann-Whitney U-test was utilized. The Student's t-test was used to compare
the study cohort's knee function and quality of life with a Swedish reference
population. For correlation analysis, Spearman's test was utilized. A p-value
of < 0.05 was used to determine statistical significance. If a patient's data was
missing, the statistical analysis relied on the current values. Multiple
comparisons were not mathematically corrected (155).
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Ethical considerations

Paper | was approved by the local ethics committee (No. 2006/358). Paper |
was also approved by the local radiation safety committee (No. SEK 07:4).
All patients gave their informed consent to participate.

Paper I1-1V was approved by the ethics committee at the Karolinska Institutet
in Stockholm, Sweden (No. 98/115 and 2016/2108-31/4). All patients gave
their informed consent to participate.
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Results

Paper |

Atlantoaxial subluxation

Seventeen patients were identified with aAAS using CR. The anterior atlanto-
dental interval in the other cases was smaller than 3 mm. There were eight
patients with unstable aAAS among the 17 patients with aAAS.

CT identified 16 patients with aAAS; four of them had unstable aAAS. In
assessing the AADI in flexion, there was a correlation between CR and CT
(correlation coefficient 0.83) (Figure 5). The magnitude of aAAS in flexion
was higher (p=0.04) when examined by radiography than when assessed by
CT in 15 of 20 cases (one patient missing the ventral arch of C1). Flexion CT
revealed no aAAS that CR did not already detect in any of the patients.

In neutral position, eight individuals had a posterior atlanto-dental interval
of less than 14 mm, while 13 had a posterior atlanto-dental interval of less
than 14 mm in flexion when examined by CR. In neutral position, five patients
had a posterior atlanto-dental interval of less than 14 mm, while 10 had a
posterior atlanto-dental interval of less than 14 mm in flexion when evaluated
by CT. In assessing the posterior atlanto-dental interval in flexion, there was
a correlation between CR and CT (correlation coefficient 0.80) (Figure 6).

32



15+ Correlation of AADI

r =0.83
/g [ ]
E
5 10- .
> T ]
O
2 L 1
< [ ]
S 5
'E [ ]
2 °
X [ ] [ ]
n . o
0__. T T 1
0 5 10 15

Extent of AADI by CR (mm)

Figure 5. Correlation plot showing the correlation between CR and CT in flexion
regarding AADI.
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Figure 6. Correlation plot showing the correlation between CR and CT in flexion
regarding PADI.
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Vertical dislocation

As evaluated by CR and CT, the vertical dislocation between neutral and
flexed positions was identical. In the neutral position at CR, the patients' mean
cranial migration distance was 33 mm (range 22 — 43 mm), and in flexion, it
was 34 mm (range 22 — 46 mm). In CT, the mean cranial migration distance
was 33 mm (range 10 — 42 mm) in the neutral position and 33 mm in flexion
(range 6 — 43 mm). The distance between the dens and the McRae line varied
from — 11 mm to + 10 mm at CR. The dens crossed this line in 12 patients in
neutral positions and 11 patients in flexed positions. In CT, the distance
between the dens and the McRae line varied from — 13 mm to + 5 mm. The
dens crossed the line of McRae in the neutral and flexed positions in 11 cases.

Compression of the subarachnoid space and spinal cord

Table 1 shows the measurements of subarachnoid space and spinal cord
compression at the atlantoaxial level. CT revealed compression of the spinal
cord in five patients in the neutral position. The compression of the spinal cord
was detected in 20 patients when they were in flexion. The compression in the
flexed positions was significantly higher than in the neutral positions
(p<0.0001). In three patients, MRI revealed compression in the neutral
position. The spinal cord compression was substantially worse on CT in the
flexed position than on MRI in the neutral position (p<0.0001). The degree of
spinal cord compression was similar in the neutral position on CT and MRI.
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Table 1. Compression of the subarachnoidal space at the atlantoaxial level, graded on
an arbitrary three-point scale, as determined by a) CT and MRI in neutral position b)

MRI in neutral position and CT in flexion ¢) CT in neutral and flexed positions.

a)
MRI in neutral CT in neutral position
position
Score 1 Score 2 Score 3
Score 1 0 0 0
Score 2 0 16 2
Score 3 0 0 3
b)
MRI in neutral CT in flexed position
position
Score 1 Score 2 Score 3
Score 1 0 0 0
Score 2 0 1 17
Score 3 0 0 3
c)
CT in neutral CT in flexed position
position
Score 1 Score 2 Score 3
Score 1 0 0 0
Score 2 0 1 15
Score 3 0 0 5
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Paper Il and I11

MRI assessment

Thirty of the 60 patients had intact ACL grafts, while the other 30 had ruptured
or missing ACL grafts.

Resection of the medial meniscus was performed in 15 of 60 patients, while
four patients had undergone resection of the lateral meniscus before or in
conjunction with the index operation (Table 2).

Table 2. Distribution of meniscal injuries for the groups intact and ruptured or missing
ACL grafts.

Intact ACL graft (n=30) Ruptured or missing ACL graft
(n=30)
Medial Lateral Medial Lateral
meniscus meniscus meniscus meniscus

Grade 1 9 17 2 14
Grade 2 9 2 19 3
Grade 3 5 9 1 11
Grade 4 7 2 8 2

Radiographic assessment

In all 60 patients, radiographs were available for evaluation. The radiographs
were independently evaluated for OA in the medial tibiofemoral compartment,
lateral tibiofemoral compartment, and patellofemoral compartment. Table 3
summarizes the findings. In the tibiofemoral compartment, 40 patients had
OA, and in the patellofemoral compartment, 24 patients had OA. In patients
with intact ACL grafts, 16 had OA in the tibiofemoral compartment and nine
had OA in the patellofemoral compartment. In patients with ruptured or absent
ACL grafts there were 24 patients with OA in the tibiofemoral compartment
and 15 patients with OA in the patellofemoral compartment.

Patients with ruptured ACL grafts had higher grade of OA in the medial
tibiofemoral compartment (p=0.0003) than those with intact grafts. In patients
with ruptured and intact ACL grafts, OA of the lateral tibiofemoral
compartment and the patellofemoral compartment was similar.
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Table 3. Using the Kellgren-Lawrence classification, distribution of osteoarthritis for
the groups intact and ruptured or missing ACL grafts.

Compart Intact ACL graft (n=30) Ruptured or missing ACL graft
ment (n=30)
Grade | Grade | Grade | Grade | Grade | Grade | Grade | Grade
0 and 2 3 4 0and 2 3 4
1 1
Patellofe
moral 21 4 5 0 15 11 3 1
Medial
tibio- 20 3 7 0 7 8 8 7
femoral
Lateral
tibio- 22 4 3 1 19 6 1 4
femoral

In patients with a ruptured ACL graft, OA of the medial tibiofemoral
compartment was more severe than that of the lateral tibiofemoral
compartment (p=0.013) and of the patellofemoral compartment (p=0.002) The
lateral tibiofemoral compartment and the patellofemoral compartment both
had similar levels of OA. In patients with an intact ACL graft, there were no
variations in terms of OA between the compartments.

In patients with a ruptured ACL graft, there was a weak correlation between
lateral meniscus lesions and OA of the lateral tibiofemoral compartment
(r=0.46, p=0.010) and that of the patellofemoral compartment (r=0.54,
p=0.0021). There was also a weak correlation between medial meniscus injuries
and OA in the patellofemoral compartment (r=0.46, p=0.010). In patients with
a ruptured ACL graft, there was no correlation between OA of the medial
tibiofemoral compartment and lesions to either the medial or the lateral
meniscus.

In patients with an intact ACL graft, there was no correlation between the
medial or lateral meniscus lesions and OA.

In patients with intact and ruptured ACL grafts, the proximal tibia tunnel
exit location differed (p=0.0470). In patients with an intact ACL graft, the tibia
tunnel exit was in the anterior third in 17 patients and the middle third in 13.
In those with a ruptured ACL graft, the tibia tunnel exit was in the anterior
third in 25 patients and the middle third in five patients. There was no tibial
tunnel exit in the posterior part of the tibia in any of the patients.
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Instrumented knee joint laxity

For 29 patients with an intact ACL graft and 30 patients with a ruptured ACL
graft, KT-1000 results for anterior knee laxity were available. Patients with a
ruptured ACL graft had higher anterior knee laxity than those with an intact
ACL graft (p=0.012). Mean manual maximum side-to-side laxity difference
was 0.8 mm + 3 mm in patients with an intact ACL graft and 3 mm + 3.6 mm
in patients with a ruptured ACL graft. In 16 patients with a ruptured ACL graft
and seven patients with an intact ACL graft, a side-to-side laxity difference of
> 3 mm was noted. In patients with a ruptured ACL graft, side-by-side
assessments of anterior knee laxity revealed that the operated knee, with a
mean of 12 mm, had greater KT-1000 findings than the non-operated knee,
with a mean of 8 mm (p=0.0003). No side-to-side difference in terms of
anterior knee laxity was shown in patients with intact ACL grafts.

International Knee Documentation Committee

All 60 patients had their IKDC results available (Table 4). Patients with a
ruptured or absent ACL graft had worse IKDC overall (IKDC final) clinical
assessment outcome (p = 0.0006). In terms of extension, flexion, and effusion,
there was no statistical difference between the groups. The Lachman test
revealed that patients with ruptured or absent ACL grafts had more anterior
knee laxity than those with intact ACL grafts (p=0.001). In 28 patients with
an intact ACL graft and 26 with a ruptured ACL graft, knee joint laxity was
investigated with pivot shift. Six patients were unable to undergo the test. The
pivot shift grade was more outstanding in patients with a ruptured ACL graft
than those with an intact ACL graft (p<0.0001).
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Table 4. Clinical outcome of knee function according to IKDC.
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Knee injury Osteoarthritis Outcome Score

The KOOS was completed by all 60 patients (Table 5). When it came to
KOOS Sport/Rec, patients with intact ACL grafts scored higher than those
with ruptured or missing ACL grafts (p=0.04). In terms of Pain, Symptoms,
and ADL, there was no significant difference between the groups.

When compared to a knee reference group of males (156), the KOOS scores
for Pain (p=0.03), Symptoms (p=0.0002), and Sport/Rec (p=0.003) were
lower in the group with ruptured or missing ACL grafts. In terms of
Symptoms, the group with intact ACL grafts had lower KOOS scores than a
knee reference group of men (156) (p=0.009). There were no statistical
differences in the other KOOS subscales.

Table 5. KOOS scores for the groups intact and ruptured or missing ACL grafts.
Results from a reference population of men were added for comparison.

Intact ACL | Ruptured or | Reference group, | Intact ACL
graft (n=30) | missing men graft versus
Mean (SD) | ACL graft | Mean (SD) ruptured or
(n=30) missing ACL
Mean (SD) graft
P-values
Pain 86(18) 80(16) 88(17) (n=88) p=0.06
Symptoms 76(22) 70(22) 88(17) (n=88) p=0.2
ADL 92(13) 87.5(14) 86(19) (n=88) p=0.2
Sport/Rec 68(24) 52(32) 73(30) (n=87) p=0.04

The group without OA in the tibiofemoral compartment scored higher in terms
of Pain (p=0.003), Symptoms (p=0.002), ADL (p=0.009), and Sport/Rec
(p=0.007). In the patellofemoral compartment, Pain (p=0.03), Symptoms
(p=0.01), ADL (p=0.02), and Sport/Rec (p=0.01) were all higher in the group
without OA (n=36).

Tegner Activity Scale

The Tegner Activity Scale was completed by 56 patients (Table 6). The
median activity level was 4 in both patients with an intact ACL graft and in
those with a ruptured or absent ACL graft. Eleven patients with an intact ACL
graft and 14 patients with a ruptured or absent ACL graft reported an activity
level of recreational sports or higher (> level 5).
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Table 6. Tegner Activity Scale for patients with intact and ruptured or missing ACL
grafts.

Activity level ACL g;?;?tczn:ﬂ) Rx%tlﬂrg?a?{ (rr\11|:szs£|9r)lg
9-10 0 0
7-8 4 5
5-6 7 9
34 13 15
1-2 3 0
0 0 0

Paper IV

MRI Assessment

The grafts in 33 patients were still intact, while 40 patients had ruptured or
missing grafts. Meniscus resection of the medial meniscus was performed in
19 of the 73 patients before or in conjunction with the index operation, while
meniscus resection of the lateral meniscus was performed in seven patients.

Radiographic Assessment

All 73 patients had radiographs available. One of the patients was excluded
from the assessment of OA in the patellofemoral compartment because axial
patellar images were not taken. The radiographs were used to assess OA in the
medial tibiofemoral, lateral tibiofemoral, and patellofemoral compartments.
There were 49 patients with tibiofemoral OA (67%) and 28 patients with
patellofemoral OA (40%). Sixteen patients (47%) with intact ACL grafts had
tibiofemoral OA, while nine patients (27%) had patellofemoral OA.
Tibiofemoral OA was seen in 33 patients (83%) with ruptured ACL grafts,
while patellofemoral OA was found in 19 patients (48%).

KOOS QoL

Test results of KOOS QoL were available in 73 patients. Mean KOOS QoL
score was 6527, which was considerably lower than a control group of men
(p=0.0011) (156). The KOOS QoL results for the subgroups intact and
ruptured ACL grafts, patients with and without OA in the tibiofemoral and
patellofemoral compartments, and patients with normal and injured menisci
are provided in Table 7.
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Table 7. KOOS QoL. Mean values * SD of study group, age matched controls and for
the radiology-based subgroups ACL grafts, OA and menisci. P values between study
group and reference group, between the subgroups intact and ruptured ACL grafts,
OA and non-OA and between the groups normal and injured menisci were calculated.

KOOS QoL P-values
Study group (n =73 65127
y group ( ) 6200011
Reference group 7925
Intact ACL graft (n=33) 73+25 0.04
Ruptured ACL graft (n = 40) 60+27 '
No Tibiofemoral OA (n=24) 80+23
— 0.0006
Tibiofemoral OA (n=49) 58+26
No Patellofemoral OA, (n=44) 7325
0.0025
Patellofemoral OA (n=28) 54426
Normal menisci mm, (n=11) 65125 081
Injured menisci mm (n=62) 6627 '
Normal menisci Im (n=35) 7127 011
Injured menisci Im (n=38) 61+26 '

Medial menisci (mm), lateral menisci (Im)

SF 36

The SF-36 mean values (n=68), including the results for the subgroups, intact
and ruptured ACL grafts patients with and without OA in the tibiofemoral and
patellofemoral compartments and patients with normal or injured menisci, are
presented in Table 8. Health-related quality of life evaluated with SF-36 was
similar to an age-matched reference group, with a few exceptions. The patients
reported worse physical functioning (p=0.0001) but better mental health
(p=0.03) than the reference group (157).
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Table 8. SF-36 mean values including the results for the subgroups, patients with
intact and ruptured ACL grafts, patients with and without OA in the tibiofemoral
and/or patellofemoral compartments, and patients with normal or injured menisci.
Mean values + SD was used.

SF-36 subgroups
PF RP BP GH VT SF RE MH

Study
group
(n=73) 79+17 | 77439 | 72428 | 75120 | 72+24 | 92+17 | 89+29 | 86+14
Intact

ACL graft
(n=33) 85+12 | 83+37 | 7628 | 79+20 | 71422 | 92+15 | 94+21 | 85+15
Ruptured
ACL graft
(n=40) 75+19 | 73440 | 69+27 | 72+21 | 72427 | 91+18 | 85+34 | 87+13
P-values 0.02 0.25 0.25 0.18 0.40 1 0.23 0.50
No TF OA
(n=24) 85+13 | 82+35 | 77+24 | 78+18 | 77+21 | 95+10 | 96+15 | 91+12
TF OA
(n=49) 77+18 | 75140 | 7029 | 73+22 | 69+26 | 90+19 | 85+34 | 84+15
P-values 0.056 | 0.56 0.33 0.46 0.21 0.58 0.19 | 0.037
No PFOA
(n=44) 82+16 | 78+38 | 74425 | 76+19 | 71+23 | 91+16 | 87+31 | 85+14
PF OA
(n=28) 75+17 | 76141 | 69+31 | 75+23 | 73+£28 | 92+18 | 91+27 | 89+15
P-values 0.025 1.0 0.71 0.90 0.38 0.41 0.47 | 0.063
Normal
menisci
mm

(n=11) 82+14 | 86+32 | 83+20 | 85+19 | 72+18 | 95+12 | 97+10 | 78+16
Injured
menisci
mm

(n=62) 79+17 | 76+40 | 70+28 | 74+20 | 72+26 | 91+18 | 87+31 | 87+14
P-values 0.65 0.42 0.15 0.10 0.5 0.44 0.48 0.07
Normal
menisci
Im (n=35) | 84+14 | 75441 | 75427 | 75421 | 73+23 | 92415 | 90+27 | 8715
Injured
menisci
Im (n=38) | 75118 | 80+37 | 70+28 | 75+21 | 70+26 | 91+19 | 88+31 | 86+14
P-values 0.038 | 0.61 0.40 0.92 0.72 0.98 0.85 0.72

OA = osteoarthritis, TF = tibiofemoral compartment, PF = patellofemoral
compartment, mm = medial menisci, Im = lateral menisci
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Patient satisfaction

Fifty-seven out of 73 patients (78%) were very satisfied or satisfied with the
surgical outcome and 16 patients (22%) were dissatisfied or very dissatisfied.
In case of another ACL rupture, 93% of patients would have another ACL
surgery with comparable proportions in individuals with an intact (94%) and
ruptured ACL graft (92%). Ninety-three percent of patients with OA and 92%
of the patients without OA would have the procedure repeated in case of a
new ACL rupture.

Patient's acceptable symptom state

A PASS score greater than 62.5 was reported in 43 patients. Twenty-four of
those patients had an intact ACL graft, and 19 had a ruptured ACL graft.
Furthermore, 23 patients with OA in the tibiofemoral compartment and 11
patients with OA in patellofemoral compartment had PAS scores greater than
62.5.
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Discussion

The dissertation's overarching theme is the critical role of radiology in
evaluation of RA of the cervical spine and OA of the knee following ACL
reconstruction.

Previously, RA was regarded as a disease with severe consequences and no
viable therapeutic choices. This situation changed with the development of the
disease-modifying antirheumatic drugs (DMARDSs), and thanks to the current
effective pharmaceutical therapies, the number of patients with severe joint
destruction has decreased. This also explains the changed situation regarding
the prerequisites for conducting continued research on RA patients with
instability of the cervical spine. OA, on the other hand, is a frequent condition
with high healthcare expenses. OA has traditionally been seen as a
degenerative disease with few options for successful therapy other than
arthroplasty in its latter stages. OA is now thought to be both a mechanical
and an inflammatory condition, with various therapies in the works. In the
future, the prevalence of OA is likely to be reduced by a mixture of
pharmacological action, lifestyle guidance, and preventative measures.

The role of radiology

Traditionally, when examining the musculoskeletal system, the first method
used for assessment is conventional X-ray (radiography). Conventional X-ray
is inexpensive and sufficient in many circumstances but has some limitations.
The advantage of a conventional X-ray is that it is possible to evaluate joints
during loading and or with flexion and extension. This enables a better
assessment of OA and instability. Limitations, in this content, are the
evaluation of soft tissues, and that fractures and osteophytes can be missed
(68, 158). Furthermore, the identification of structures in the craniocervical
junction can be challenging (35).

Instability in the craniocervical junction in patients with RA is a problem
of great concern because it can lead to pain, neurological problems, and in the
most extreme case, sudden death (10). To assess instability and its severity
with radiological methods it is necessary to examine the patients in flexion
and extension since the space for the spinal cord can be reduced during
movements, for which conventional X-ray is a good and inexpensive method
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(2). Due to the complex bony anatomy with over-projecting structures, it can
be challenging to identify crucial structures like the dens axis and the skull
base. CT is a better method for detailed visualization of bony structures but is
traditionally performed with the patient in supine position and without flexion
or extension. In the present study, the patients were examined with CT in the
neutral and flexed positions. In the flexed position, the head was supported
with a sponge pillow. In line with other studies, using MRI, the AADI was
smaller in flexion than with conventional X-ray (30, 34). This is probably due
to the gravitational force of the head acting on the cervical spine in sitting
position compared to CT in supine position (30). A neck-positioning device
can guide extension and flexion motions and provides a more controlled
technique for assessing extension and flexion using MRI (159).

Furthermore, upright standing MRI allows patients to be examined in
positions comparable to traditional X-ray, likely resulting in more similar
results when comparing MRI and traditional X-ray (160, 161). The limitations
of upright MRI are related to the lower field strength (0.6T, Fonar Upright
MRI), which is the primary image quality factor. In supine position,
comparable scanners are 1.5 T or 3 T. These devices have a higher signal-to-
noise ratio, shorter scan times, and a lower risk of motion artifacts.

Besides that, CT in flexion showed a more reduced subarachnoid space
than CT and MRI in neutral position. This is in line with previous studies
examining the cervical spine in flexion with MRI. However, in individuals
with medullary or spinal cord compression in neutral position, evaluation in
the flexed position is probably unnecessary and contraindicated (39).

One main disadvantage of CT is the radiation exposure to the patient with
the risk for radiation-induced cancer. The number of CT examinations has
increased during the last 20 years, since the introduction of spiral CT, and the
cancer risk has been suggested to correlate with the radiation dose (162, 163).
The CT examinations in paper | were made almost 15 years ago. Since then,
the radiation dose has decreased, and the quality of examinations has
increased. Furthermore, the radiation dose is less when the examination is
focused on bony structures (164).

Moreover, patients with severe aAAS could find the flexion position
uncomfortable and may not maintain a maximally flexed neck for the
relatively lengthy MR imaging examination time leading to motion artifacts
and possibly an interruption of the examination. By comparison, CT is more
comfortable because the patient is only required to hold his or her neck flexed
for the brief duration of the examination. As a result, CT may be a better option
than MRI in this instance, when flexion images are required for preoperative
surgical planning. Furthermore, CT can be utilized when MRI is
contraindicated, such as with outdated pacemakers and spinal stimulation
devices.

Nowadays, due to new pharmacological treatment methods, the prevalence
of advanced disease with instability in the craniocervical junction is less
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frequent than when the present study was performed (40). According to a
recent review article, the prevalence of aAAS decreased by one-third between
the 1960s and 1970s and 2000, whereas that of subaxial subluxation and
vertical subluxation did not (44). Therefore, there are still patients with
instability in the craniocervical junction that needs surgical intervention with
stabilization procedures.

In a recent study, 75% of the patients developed cervical spine
abnormalities, with 71% on DMARDS therapy (165). As a result, the
requirement for radiological examination persists. In case of contraindications
for MR, CT in a flexed position can add valuable information preoperatively.
To obtain increased movement in the upper cervical spine, examination in the
oblique position with the head and neck in flexed and extended positions has
shown promising results (166).

Grading of OA relies on conventional radiography. Due to the earlier
mentioned limitations with the method, OA grading can be misleading
because OA cut-off is usually defined as the presence of osteophytes. Small
osteophytes can easily be missed when assessing the tibiofemoral joint,
because of the standard X-ray protocol, usually providing merely two
projections. On the other hand, it would be easier to identify osteophytes using
CT or MRI, but these methods are usually performed in supine position
without loading. With CT, it is not possible to assess the cartilage without
injecting contrast agents into the joint. This is an invasive procedure with the
possibility of adverse effects like an infection.

On the other hand, it is possible to assess the cartilage with MRI, and with
modern sequences like T2 mapping, early changes in the cartilage can be
detected (167). In the future, this might be important due to the development
of new drugs to treat OA. Furthermore, OA is not only a disease of the
cartilage but the whole joint, and also the ligaments and joint capsule could be
affected.

MRI is the preferred method for the assessment of soft tissues in the
musculoskeletal system. In knee trauma, the ACL, menisci, collateral
ligaments, and other soft tissues often are injured. Moreover, MRI can identify
subchondral oedema and chondral fractures, which increases the risk for
subsequent OA. Dual-energy CT may detect ACL ruptures and bone marrow
oedema (168, 169). For inexperienced non-radiology readers, new methods,
such as virtual color-coded dual-energy CT, improve diagnostic performance
in diagnosing acute knee fractures (170). Ultrasound has been used to assess
periarticular structures of the knee like the collateral ligaments, tendons,
osteophytes, and masses (171-173). Ultrasound is, however, not as well suited
for intraarticular structures like the menisci and cruciate ligaments.

In the present study, an open low field 0.2 T MRI was used. Compared to
current MRI scanners, there are some limitations. Most of the sequences had
a thickness of 4 or 5 mm in contrast to 3 mm used in today's practice.
Furthermore, sequences in the axial plane were not performed. In total, this
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makes the assessment of the ACL and menisci less reliable compared to
modern machines. Moreover, the examination time was longer, increasing the
risk for motion artifacts. However, the risk for metal artifacts is reduced using
a low field MRI compared to modern scanners with higher field strength.

ACL injury

A search of the Web of science for “anterior cruciate ligament” or “ACL”,
rendered 41,790 results. The massive amount of information makes it tough
to become acquainted with this topic, and to keep up with the advances in the
field. One way to identify the most influential articles in this vast area is their
number of citations and average citations per year. Highly cited articles are
likely to identify important new results and trends in the field (174-176).
Interestingly, the comparison of surgical materials or procedures was
addressed in 35% of the most referenced papers (174).

Graft survival, surgical technique, and graft choice

In the present study mean 31 years after surgery (paper 1l and 111) 50% intact
ACL grafts were found. This is in contrast to the findings in a recent study
reporting 91% ACL graft survival at 25 years after ACL reconstruction (177).
Only ten patients (11%) showed clinical evidence of complete ACL disruption
in a previously published five to ten-year results (178), whereas 30 patients
(50%) had complete ACL disruption in the current study (MRI). This contrasts
with several studies, where the rates of ACL graft rupture and ACL revision
peak at 1 to 2 years after surgical reconstruction and return to sport (179-183).
The reason for this could, to some extent, be explained by increased degrees
of OA over the years, and the accompanying narrowing of the intercondylar
notch, with subsequent ACL graft attrition and rupture (75). In addition,
patients with a ruptured ACL graft, showed significantly more anteriorly
placed tibia tunnels which, according to a previous report, can predispose to
notch impingement, resulting in graft attrition and failure (184). Moreover,
the patella retinaculum and not the tendon's insertion into the patella was used,
which by current standards would represent a weak graft due to the
retinaculum portion.

Furthermore, numerous other reasons for graft failure following ACL
reconstruction have been proposed. ACL graft failure can occur because of
trauma, poor surgical technique, undiagnosed concurrent knee injuries, failed
biologic graft incorporation, tunnel malposition, early aggressive physical
activity, young age, graft type, and sex (185-188).

The Brostrom and Eriksson procedure effectively stabilizes the knee joint in
patients with chronic ACL insufficiency (189), and the surgeons who
performed the ACL reconstructions in this study were adequately trained.
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However, surgical procedures have been continuously refined and improved
since the beginning of this study. In today's surgery, which is done
arthroscopically, the graft is fully resected instead of leaving the tendon's
insertion in the tibial tuberosity intact. The current trend is anatomical double-
bundle ACL reconstruction that control both anteroposterior and rotational
laxity in contrast to single-bundle techniques, which only control
anteroposterior laxity (103, 190). The anatomic double-bundle technique is
supposed to decrease OA in the long term because it creates more normal joint
kinematics and a recent review article showed that anatomic ACL
reconstruction was associated with lower OA prevalence (103, 191).

Furthermore, it is also worth noting that different grafts have been utilized
since the beginning of the present study (paper 11-1V). Autograft is regarded
as the best option in ACL reconstructions, with patellar tendon grafts used
earlier and hamstring grafts being the preferred choice in the last decade (192,
193). In addition, it has also been reported that the risk for ACL graft failure
is increased when using allografts, synthetic grafts, or xenografts (194).

In addition, injuries to anterolateral ligaments increase rotational laxity,
which contributes to cartilage and meniscus injuries in the ACL injured knee
(81, 195-197). This can be addressed by combining ACL reconstruction and
reconstruction of the anteromedial ligaments (198, 199). In the short term, the
results are promising, and this might be a beneficial technique to refine the
ACL reconstruction (82).

Patient selection and its consequences

The gender distribution in the present study (paper II-1V) was highly
asymmetric, with 92% men and only 8% women, which may reflect the
situation in the 1960s. At the time, women were less commonly involved in
pivoting sports such as football. Nowadays, football is popular also among
women, and football players sustain the majority of the ACL injuries (123).
The incidence of ACL injuries increases, especially in women, those younger
than 20 years, and those older than 40 years (200). This may be caused by an
increasing number of children engaged in sports at a high-level and older
individuals remaining physically active longer (56). In addition, several
studies have shown that female athletes are at a higher risk of sustaining an
ACL injury than male athletes when participating in the same sports (57, 94).

Moreover, understanding the epidemiological trends of ACL injury is
essential for establishing preventive and therapeutic strategies (201). The goal
of epidemiological research is to improve disease or injury prevention by
gaining a better understanding of the patient at-risk (202), and ACL injury
prevention strategies have been demonstrated to be successful in preventing
ACL injuries (93, 203).

In addition to the skewed gender distribution, our patients had a poor rate
of follow-up, 60/134 (Paper Il and I11) respectively and 73/134 (Paper V).
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Several of the patients had previous knee injuries, the fact that non-operative
therapy was insufficient to restore knee joint stability and function, and the
extended interval between injury and operation. This combination of
circumstances makes it challenging to compare the results to current studies.
Many older and current studies are excluded from review articles for reasons
similar to these.

Treatment and rehabilitation

Postoperatively our patients used a restricted cast brace allowing the knee joint
to flex 20-60 degrees. This has historically been associated with a high
incidence of lacking full knee extension and OA (72). More than 30 years ago,
Shelbourne et al. reported that their “accelerated rehabilitation program”
reduced limitations in motion after ACL reconstruction. Since then, there has
been a development of rehabilitation after ACL reconstruction (204-206). A
recent review article reported that immediate knee mobilization and
strength/neuromuscular training should be performed, and continuous passive
motion and functional bracing should be avoided (205).

Moreover, in a recent dissertation, the conclusion was that ACL
reconstruction as a treatment after an ACL injury was recommended for young
patients, patients with high activity demands, and patients suffering from knee
joint instability (96). Late decisions of ACL reconstruction are often based on
knee joint instability (207). This is partially consistent with our patients, who
initially underwent non-operative treatment but were later referred for surgery
because of persisting knee joint instability and impaired knee function.

OA and menisci

In the present research, 67 % of the patients exhibited radiographic
tibiofemoral OA. This is substantially more than in population studies, where
a prevalence of 26% has been observed (208).

The reason for this could be that many patients had injured or resected
menisci. ACL injuries are frequently associated with meniscal and chondral
injuries, which occur immediately following the index trauma and later in the
ACL deficient knee (209). In the patients of the present study, the delay
between injury and operation was prolonged. As a result, several menisci were
injured prior to the ACL reconstruction. In the instance of serious injuries,
meniscus resection was performed.

Furthermore, injury to the medial meniscus is particularly important since
it is a secondary stabilizer of the knee joint against anterior tibial translation
and accounts for more than 50% of load transmission across the knee (78-80).
In the current study, patients with ruptured ACL grafts had a higher grade of
OA in the medial tibiofemoral compartment than those with an intact ACL
graft.
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According to prior studies, the severe OA of the medial compartment is
likely the result of medial meniscus resection (58, 118, 210). In the current
study, the medial menisci were resected in 15 patients, eight of whom had a
ruptured ACL graft and seven of whom had an intact ACL graft. No patients
with OA grade 4 had an intact ACL graft and medial meniscus resection.
Seven patients with OA grade 4 had an ACL graft rupture and medial
meniscus resection. This suggests that an intact ACL graft may play a role in
medial tibiofemoral compartment OA protection in patients with resected
medial menisci.

Clinical outcome measures

More than two decades have passed since the patients in present research were
assessed. As a result, data were lost, and some patients had to be excluded
which somewhat reduced the strength of the study. Furthermore, evaluation
methodologies have evolved within this time span.

In a recent Panther symposium, a consensus for clinical outcomes after
ACL injury was suggested (109). To start with, it is crucial to assess
improvement from pre-treatment status. The patients in the present study
underwent surgery more than 50 years ago. No knee-specific patient-reported
outcomes or activity measures existed at the time (211). The doctor's clinical
judgment was heavily weighted in determining the outcome of the procedure.
The patient's assessment of the outcome following ACL reconstruction was
not yet at the forefront. At the follow-up in 2000-2001, the patient's
perspective was, however, essential in determining the surgical outcome. In
accordance with the Panther Symposium, our patients were evaluated using
clinical measures of knee function (IKDC), KOOS, SF-36, and the Tegner
activity scale.

Furthermore, radiographs and MRI were used to assess OA, and the ACL
graft, respectively. As a result, the follow-up of the patients in the present
study was optimised at the time.

Similar KOOS results for operative and non-operative treatment of ACL
ruptures were reported in a recently published 20-year follow-up study (100),
although the surgical treatment achieved better clinical outcome, when
measured with IKDC. In the present analysis of mainly surgical patients, those
with intact ACL grafts had higher KOOS Sport/Rec and IKDC scores than
those with ruptured or missing ACL grafts, indicating the importance of an
intact ACL graft. Furthermore, Granan et al. (212) found an association
between decreased knee function as measured with KOOS and the likelihood
of ACL graft failure in the future. Moreover, Kessler et al. (213) found a
clinical outcome advantage in favour of ACL reconstruction compared to non-
operative treatment, assessed with IKDC. However, it is necessary to keep in
mind that the IKDC final is determined by the worst individual parameter,
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which is a shortcoming of IKDC. It has been recommended that the IKDC
form should not include a final score (214).

According to a review by Filbay et al., patients evaluated using a knee-
specific measure (KOOS-QoL) are more likely to report worse ratings than
those assessed using a general health-related quality of life score (SF-36),
when compared to population norms, (143). This is consistent with our
findings, showing that mean KOOS QoL score was lower than in a male
control group.

However, when comparing the study patients to a reference group, physical
functioning (SF-36) was worse in the study group than in the reference group.
This could indicate that ACL reconstructed patients have a long-term physical
disadvantage relative to the general population. This is consistent with the fact
that the same study group had worse function in sport and recreation (KOOS
Sport Rec) than the general population 31 years after ACL reconstruction.
Conversely, Moller et al., found no statistically significant difference in
health-related quality of life as measured by the SF-36, on average 11.5 years
following ACL reconstruction (215). This suggests that the symptoms and
impairments appear later than 11.5 years after surgery. In the SF-36
subcategory mental health, the study group surpassed the general population.
This could be explained by the fact that ACL reconstructed patients scored
higher in health-related outcomes before ACL reconstruction than the general
population, and that mental health is restored as activity levels decline in
middle life (216, 217).

In the present study, there was no significant difference in KOOS QoL
scores between patients with normal and injured menisci. This is in contrast
to earlier research that linked meniscal damage to lower KOOS-QoL and SF-
36 scores ten years after ACL surgery (215, 218). It is unclear why this is the
case. In the present study, the patients were divided into the groups normal
and injured menisci. In the group injured menisci, patients with small or
defective menisci were included. If the age of the patients is considered, it
may be assumed that patients at that age often have slight changes in the
menisci, and therefore a different division of the patient groups might have
shown a connection between quality of life and injured menisci in accordance
with other studies. However, in the SF-36 subgroup physical functioning,
patients with injured lateral menisci scored lower than patients with normal
lateral menisci, consistent with earlier findings (215, 218).

Activity level

The Tegner activity scale is an assessor-reported outcome measure for
evaluating activity level in subjects suffering from an ACL injury, in contrast
to the Marx activity scale, which is patient-reported (145, 146). Patient-
reported instruments tend to provide worse results than assessor-reported
outcomes.
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In the present study, median Tegner activity levels in patients with intact
and ruptured or missing ACL grafts were similar. This might be related to that
most of the patients had an activity level between 3 and 6, which corresponds
to activities undertaken in everyday life or recreational sports. Furthermore,
the average age at follow-up was 57 years, indicating that age is essential or
even determines activity level. This is in line with a previous study reporting
the Tegner activity level of healthy people to be inversely associated with their
age (216).

Patient-reported outcomes in a clinical setting

When it comes to analysing patient-reported outcomes, it is critical to do so in
a clinically relevant way. Measuring the patient's acceptable symptom state
(PASS) isacommon practice (219). Half of the patients with intact ACL grafts
and one-third of those with ruptured ACL grafts had a KOOS Sport/Rec score
of 75 or higher and more than half of the patients in the study group scored
KOOS-QoL of 62.5 or higher, which constitutes previously identified
thresholds for PASS 1 to 6 years after ACL reconstruction (140). These results
are consistent with a previous long-term follow-up study (220), reporting that
half of the patients had a PASS value above the cut-off value 16 years after
ACL reconstruction.

It has been proposed that a difference of 8-10 points in KOOS is clinically
significant (221). The mean KOOS scores on the subscales Symptoms and
Sport/Rec were more than 10 points lower in the group with ruptured or
missing ACL grafts than in a male reference group of KOOS (156).
Furthermore, in all KOOS subgroups except Symptoms, the difference
between KOOS ratings for the male reference group and patients with intact
ACL grafts was less than 10 points. This stresses the significance of an intact
ACL graft.

OA importance for patient-reported outcomes

Patient-reported outcomes are valuable for gathering information on patients'
views of OA-related impairments. The WOMAC and KOOS questionnaires
were created and validated for OA (132, 222). The WOMAC was developed
to assess existing OA, while KOOS covered a broader spectrum making it
superior to detect less severe OA.

Patients with radiologic OA presented with poorer KOOS and SF-36 scores
than those without OA, which is consistent with previous studies (98, 223,
224). Furthermore, it has been reported that OA has a severe impact on quality
of life, with 10% to 13% loss in remaining quality-adjusted life expectancy
(225).
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General discussion

This PhD project started in the early 2000s when | joined the section for
orthopaedic radiology. We had a close clinical collaboration with the
orthopaedic surgeons, who involved me in a joint PhD research project on
rheumatoid arthritis of the cervical spine, that would allow for one orthopaedic
PhD thesis, and one radiological PhD thesis, intended for me. The research
project was, however, paused when the orthopaedic surgeon moved abroad
following the tragic and unexpected death of his supervisor. These unfortunate
circumstances also hampered the radiological research parts of the project. At
this time, | also formed a family which, together with the interruption of the
project made me pause my research. During these years, the conditions for
continued research in the project, however, changed because of new medical
treatments, and led to a reduced number of RA patients referred for surgery
due to an unstable cervical spine. As a consequence, this research project was
terminated following publication of paper I in the present thesis, and my
continued research was instead concentrated on a long-term follow-up of
patients having undergone ACL reconstruction.

Disease-modifying antirheumatic drugs (DMARDS) have thus reduced the
frequency of advanced RA with involvement of the cervical spine. However,
while DMARDs may prevent the formation of new lesions, they do not
prevent the progression of existing ones. If new aggressive therapy is started
earlier, the number of patients with involvement of the cervical spine can be
further reduced. A prerequisite for this is to diagnose and treat these patents
before changes in the cervical spine have developed. Usually, RA starts with
changes in the peripheral joints and then progresses to the cervical spine. One
strategy for this may be the use of laboratory tests. To date, there are no
biochemical tests that can independently diagnose RA (226). Radiological
findings are more specific but usually occur later, with more advanced disease
(227).

Furthermore, the use of whole-body examinations with PET-CT, MRI and
PET-MRI may further assist in diagnosing RA. Much research is concentrated
on tracer development, and hopefully new tracers with high sensitivity and
specificity for RA will emerge. This might lead to earlier detection of subtle
RA changes, allowing for earlier aggressive therapy. Moreover, the use of Al
in analyses of clinical data, biochemical and imaging findings can further
accomplish a correct and early diagnosis preventing further progress of RA
(228, 229).

Although the surgical method and rehabilitation program used in the
present follow-up mean 30 years after ACL reconstruction is slightly outdated,
the information in this study is still valuable. Extensive research on ACL
reconstruction has been performed, but this study is one of just a handful with
a follow-up length of more than 30 years; hence the information disclosed by
this study is important. Thus, the findings provide a better knowledge of the
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long-term prognosis following ACL surgery, leading to better treatment
selection decisions. The findings of the present study may allow for more
realistic long-term expectations of the outcome of ACL reconstruction. It may
be so that the ACL reconstructions performed today will turn out better in
long-term follow-ups. Long-term results from anatomic ACL reconstructions
will hopefully turn out better than those of present studies, and active selective
prevention programs will reduce the incidence of ACL injuries.

According to the most cited articles, future research will deal with
randomized clinical trials with long-term follow-up, evaluating promising
techniques such as double bundle anatomic ACL reconstructions with the
reconstruction of ALL in selected cases. In the future, artificial intelligence
(Al) will most likely have a significant impact on ACL reconstruction
techniques, assisting the surgeons with the procedure.

Furthermore, much work is currently being concentrated to implementing
Al in radiology (230, 231), for which there are multiple commercial
applications. Most Al software focuses on a specific imaging application, such
as conventional X-ray of the skeleton, and acts as a decision aid for
radiologists.

In research, there has been a great deal of Al activity with many published
articles in recent years. In the present area of research, Al has been used to
diagnose ACL ruptures (232), to segment and analyse cartilage changes (233),
and to segment various tissues in the knee joint (234).

There are currently no softwares for analyses of all the various aspects of
imaging pathology in the knee joint or the cervical spine, nor to combine the
findings from several imaging modalities, in the same way that the human
brain does. However, in the future, Al will most likely have been developed
to a valuable aid for the radiologist.
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Conclusions

Paper |

Functional CR remains the primary imaging method when evaluating RA in
the cervical spine.

CT in flexed position aids in the preoperative imaging work-up, since
subarachnoid space involvement may be an indicator for development of
neurologic dysfunction.

Paper II-1V

Patients with a ruptured ACL graft presented with more OA of the medial
tibiofemoral compartment than those with an intact graft.

The half of the patients who had an intact ACL graft showed similar anterior
knee laxity in both knees.

As measured with KOOS patients with an intact ACL graft reported higher
sports activity and recreation and better knee-related Quality of life than those
with a ruptured or missing ACL graft.

Patients with severe OA reported lower sports activity and recreation and
worse knee-related Quality of life (KOOS) as compared to those without OA.
Knee-related Quality of life in the study group was reduced when compared
to a reference group.
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Sammanfattning pa svenska

Det 6vergripande temat i denna avhandling ar radiologins viktiga roll vid
utvérdering av patienter med reumatoid artrit (RA) i halsryggen samt artros i
knéleden efter framre korsbandsrekonstruktion.

Tidigare ansags RA vara en sjukdom med allvarliga konsekvenser och utan
effektiv behandling. Idag finns det effektiv farmakologisk behandling som
resulterat i att antalet individer med allvarlig leddestruktion minskat avsevart.
Artros i knaleden, & andra sidan, ar ett vanligt tillstand som forutom besvar i
form av smarta och forsamrad knafunktion inneburit hoga sjukvardskostnader
for samhallet. Traditionellt har artros betraktats som en degenerativ sjukdom
med fa alternativ for framgangsrik terapi férutom artroplastik vid avancerad
knaartros. Artros anses vara bade ett mekaniskt och ett inflammatoriskt
tillstand. 1 framtiden kommer sannolikt forekomsten av knaartros att minska
genom en kombination av farmakologisk behandling, livsstilsvagledning och
forebyggande atgarder.

Syftet med denna avhandling var dels att med dynamisk datortomografi
utvardera instabilitet i 6vre ryggraden samt dels att rapportera resultatet av en
langsiktig uppfoljning i genomsnitt 31 ar efter rekonstruktion av det framre
korsbandet i knaleden.

Artikel I - RA

De ibland uttalade ledangreppen hos patienter med RA drabbar férutom de
vanliga lokalerna hander och fotter dven andra delar av kroppen, sasom
halsryggraden. RA i halsryggraden kan leda till instabilitet i atlantoaxialleden
med dislokation liksom i intervertebrallederna med trappstegsdeformiteter
mellan kotorna. RA &r en allvarlig sjukdom som inte bara kan leda till
forsamrad livskvalitet med nacksmaértor och férlamningssymptom i armar och
ben utan aven till déden pa grund av ryggméargskompression. Sedan nya
farmakologiska terapier har introducerats har antalet patienter med uttalade
ledforandringar minskat. Denna studie genomfardes emellertid under tiden da
instabilitet och ddrav uppkomna symptom i halsryggraden var betydligt
vanligare liksom kirurgisk intervention.

Preoperativ utredning vid RA omfattar bland annat bedémning av graden
av instabilitet, vanligen med slatréntgen i sidoprojektion, i neutralldge och i
maximal extension samt flexion. Denna studie omfattade 21 patienter, som
utreddes preoperativt for atlantoaxial subluxation. For detta anvéndes dven
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datortomografi (DT) i neutrallage samt i flexion och resultatet jamfordes med
slatrontgen och magnetisk resonanstomografi (MRT). Informationen av
slatrontgen var dverensstimmande med DT avseende graden av atlantoaxial
subluxation, som dock var storre vid slatrontgen i flexion. Vertikal dislokation
bestamdes lika med bada metoderna, oavsett halsryggens lage. Graden av
ryggmérgskompression var avsevart storre vid DT i flexion &n vid MRT i
neutrallage.

Konklusionen angaende denna studie om utvardering av patienter med RA
i halsryggen var att slatrontgen utgér den priméra avbildningsmetoden.
Informationen fran DT i flexion &r dock av vérde for preoperativ bedémning,
eftersom graden av subarachnoidal paverkan kan utgora en indikator for
utveckling av neurologiska symptom.

Artikel 11-1V — Framre korsbandsskada

Framre korsbandsskador i knédleden &r vanliga och drabbar framfér allt unga
fysiskt aktiva individer. | Sverige skadas arligen ca 8000 individer av vilka
cirka 4000 genomgar framre korsbandsrekonstruktion. Medelaldern hos de
opererade patienterna ar 28 ar. En framre korsbandsskada medfor ofta
konsekvenser pa lang sikt med instabilitet i knaleden och darmed forsamrad
knafunktion. Dessutom finns en okad risk for utveckling av artros. Ungefér
hélften av patienterna visar tecken pa rontgenologisk artros i knaleden 10-20
ar efter en framre korsbandsskada.

Idag saknas studier som pa annu langre sikt utvéarderar resultaten efter
framre korsbandsrekonstruktion. Flera studier har redovisat resultat, men
uppfoljningstiden ar som mest ca 20 ar efter kirurgisk rekonstruktion av det
framre korsbandet. Endast enstaka studier foreligger med en uppféljningstid
pa mer an 30 ar efter framre korsbandsrekonstruktion. Traditionellt har
patienter foljts upp med olika kliniska undersékningar och tester efter framre
korsbandsrekonstruktion. Sedan ca 20 ar tillbaka har dock patientens egen
uppfattning av operationsresultatet kommit i fokus och fatt avsevart ckad
betydelse.

Mellan aren 1968 och 1973 genomgick 134 patienter framre
korshandsrekonstruktion pa Karolinska Universitetssjukhuset. Dessa patienter
hade da forst behandlats icke operativt for sin korsbandsskada. De hanvisades
emellertid senare till kirurgisk behandling, eftersom deras knéledsinstabilitet
hindrade dem fran att kunna utfora onskade fysiska aktiviteter. Under aren
2000 och 2001 foljdes 89 av de ursprungliga 134 patienterna upp pa
Karolinska Universitetssjukhuset med en utvardering i genomsnitt 31 ar efter
framre korsbandsrekonstruktion. Sexton av dessa 89 patienter bedémdes som
bortfall” pa grund av orsaker sasom saknade eller obedémbara radiologidata,
saknade Kliniska data och/eller att patienterna hade genomgatt operation med
knéprotes. Kvar for utvérdering fanns 73 patienter (67 méan och 6 kvinnor). |
artikel 11 och 11 blev ytterligare 13 patienter “bortfall” pa grund av kirurgisk
behandling av sitt icke korshandsopererade knd. Patienterna hade en
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medelalder pa 27 ar vid sin framre korsbandsoperation och 57 ar vid
uppfoljningen i genomsnitt 31 ar senare.

Vid uppféljningen av dessa patienter studerades korsbandséverlevnad,
knalaxitet, knafunktion, aktivitetsgrad, artrosutveckling och livskvalitet samt
faktorer som kan paverka livskvaliten efter framre korsbandsrekonstruktion.
Rontgenundersdkning anvandes for gradering av artros enligt Kellgren
Lawrence och for bedémning av tibiakanalen. Korsbandsgraftets integritet
samt den mediala och laterala menisken beddémdes med MRT. Knélaxitet
méttes med KT 1000 artrometer samt med det Kkliniska testet pivot shift.
International Knee Documentation Committee (IKDC) anvandes for en
generell bedémning av knéstatus. Dessutom anvéndes patientrapporterade
instrument, KOOS, SF-36 och Tegners aktivitetsskala. Patienterna fick ocksa
fragan om hur nojda de var med sitt korsbandsopererade kna och om de skulle
gd igenom detta kirurgiska ingrepp igen vid en eventuell ny framre
korsbandsskada.

Resultatet visade att 33 patienter hade ett intakt framre korsbandsgraft och
40 ett rupturerat eller avsaknat frdmre korshandsgraft i det opererade knét.
Fyrtionio patienter hade artros i tibiofemoralleden och 28 i
patellofemoralleden. Hos patienter med rupturerade korsbandsgraft pavisades
hogre grad av medial tibiofemoral artros dn hos patienter med intakt
korsbandsgraft. Storre knalaxitet pavisades hos patienter med rupturerat
korsbandsgraft jamfort med patienter som hade intakt korsbandsgraft. Vid
jamfdrelse mellan opererat och icke opererat knd noterades storre laxitet hos
patienter med rupturerat korsbandsgraft, medan resultatet hos patienter med
intakt korshandsgraft visade likartad laxitet i bada knana. Da det galler fysisk
formaga enligt KOOS pavisades battre resultat hos patienter med intakt
korsbandsgraft och de som inte har artros &n hos patienter med rupturerat
korsbandsgraft respektive de som har artros. Vid matning av smarta, symptom
och fysisk formaga enligt KOOS hade patienter med rupturerat korsbandsgraft
lagre poang, dvs stdrre besvar &n en manlig kontrollgrupp. Aktivitetsgraden,
matt med Tegners aktivitetsskala, var likartad hos patienter med intakt och
rupturerat korsbandsgraft. Resultatet av den 6vergripande beddmningen av
knéledens funktion métt med IKDC visade samre resultat hos patienter med
rupturerat korshandsgraft jamfort med patienter som hade intakt
korsbandsgraft.

Vid jamforelse mellan den studerade patientgruppen och en kontrollgrupp
noterades att patientgruppen hade sdmre fysisk funktion men battre mental
halsa &n kontrollgruppen, utvarderat med SF-36. Vidare hade patienter med
artros i knaleden bade samre mental halsa och fysisk funktion enligt SF-36 an
patienter utan artros. Knérelaterad livskvalitet enligt KOOS var férsdmrad hos
den studerade patientgruppen jamfort med livskvaliten hos en
kontrollpopulation, men den var battre hos patienter med laggradig artros och
intakta korsbandsgraft jamfort med patienter som hade mer uttalad artros
respektive rupturerade korsbandsgraft.
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Sjuttioatta procent av patienterna var nojda med sitt korsbandsopererade
kné och fler an 90%, oavsett intakt eller rupturerat korsbandsgraft, valde att
genomga operationen igen om de ater drabbades av en framre korsbandsskada.

Konklusionen i genomsnitt 31 ar efter framre korsbandsrekonstruktion var
att patienter med intakt framre korsbandsgraft hade normal knélaxitet och att
intakt frdmre korsbandsgraft minskar utveckling av artros efter framre
korsbandsrekonstruktion. Patienter med intakt framre korsbandsgraft och utan
artros hade battre knafunktion och knarelaterad livskvalitet an patienter med
rupturerat framre korsbandsgraft och utvecklad artros. Den studerade
patientgruppen rapporterade sdémre knarelaterad livskvalitet jamfort med en
kontrollgrupp.
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