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1. Abstract 

Introduction: With the popularization of arthroscopic osteochondroplasty in femoroacetabular 

impingement (FAI), the number of revisions in hip preservation surgery is steadily increasing. 

Recent studies coin the revision rate to around 5% with the main cause being an incomplete 

bony resection in up to 80% of these cases. Residual bony FAI after primary hip arthroscopy is 

reported to be as high as 60% in isolated pincer lesions. Since a complete resection is paramount 

in obtaining a good functional outcome, we introduce a computer assisted control of the 

resection during arthroscopic FAI surgery.  

The aim of this study was to compare the cam resection accuracy in navigated surgeries 

compared to the conventional fluoroscopically guided surgeries. Secondly the increase in 

simulated hip range of motion was evaluated in both groups.  

Materials and methods: Prospectively, 29 male cam-type FAI patients were recruited for 

arthroscopic cam osteochondroplasty. A computer-based blocked randomization was 

performed in each case resulting in a total of 14 conventional fluoroscopically guided surgeries 

and 15 navigated surgeries. A preoperative CT scan for alpha angle measurements, range of 

motion simulation and determination of a 3D surgical resection plan was performed in all 

patients (Articulis, Clinical Graphics, The Netherlands). In the navigated surgery group, this 

resection plan was matched to the patient with an image based registration procedure at the 

beginning of the surgery. By means of a navigated pointer the arthroscopic resection could be 

verified intra-operatively. All patients underwent MRI imaging 12 weeks postoperatively to 

evaluate kinematics and resection results by means of clockwise alpha angle.  

Results: A significant difference is obtained in the correction of the 12 o’clock alpha angle (p 

< 0.05). The alpha angle correction at the 1,2 and 3 o’ clock position does not differ significantly 

between the 2 groups. Other significant differences between the 2 groups are : a higher 

fluoroscopy time and with it a greater radiation load in the navigated group, as well as a longer 

installation time. 

Conclusion: Under-resection of the cam lesion occurs mainly at the lateral portion of the cam 

but the overall risk for incomplete resection is significantly smaller in the computer-assisted 

group. 
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2. Introduction  

Cam-type femoroacetabular impingement (FAI) is a decreased femoral head neck offset. It 

seems to have taken its responsibility for a portion of the former idiopathic hip pain in the 

young, active population and is discussed to be a cause for early osteoarthritis. Recently the 

common treatment of this pathology, is hip arthroscopic osteochondroplasty rather than an open 

surgical procedure. Arthroscopy is known to be minimally invasive, resulting in shorter 

rehabilitation and less pain. The downside of performing arthroscopy instead of open surgery 

is less visibility and maneuverability as well as a steep learning curve. Recent studies have 

reported that this results in up to 25% incomplete cam resections on postoperative 3D imaging. 

5 to 10% of all the arthroscopies for cam-type FAI need revision surgery. The cause of 

persisting or recurrent complaints after the first hip arthroscopy is residual bony impingement 

in 80-90% of the revisions, of which 36% has an isolated cam lesion, 4% has an isolated pincer 

and 50% has a combined lesion (1-3).  

To improve accuracy of these resections, computer-aided surgery and virtual surgical planning 

were proposed. Furthermore, this procedure could also help junior and unexperienced surgeons 

in performing a successful surgery. Several recent studies are already showing the improvement 

in accuracy of computer aided osteochondroplasty for FAI using either imageless or image-

based protocols in vitro or on cadavers.(4-6)  

To this date however, there is no available data on improvement of accuracy in vivo in  the 

scientific literature. In a prospective randomized controlled trial, we evaluated the resection 

accuracy of computer-aided image-based cam resection versus standard fluoroscopically 

guided resection based on clockwise alpha angle measurements. Preoperative 3D 

reconstructions of the proximal femur and pelvis were made based on a CT-scan. A new 

reconstruction was made postoperative, based on MRI imaging to minimize radiation exposure.   

The primary outcome measure is a normalization in overall clockwise alpha angle 

measurements. As second outcome measures, we investigated simulated bony range of motion 

(ROM) as well as operative radiation exposure and the surgical time. Our hypothesis is that 

computer-aided cam resection would result in a normalization of the clockwise alpha angle 

measurements.  
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In this study, we aided by processing radiographic images and creating 3D models for the 

simulations as further mentioned in the methods and materials section. We also gathered, 

organized and analyzed the data of the patients.  

2.1. The hip joint 

The hip joint connects our lower limbs to the axial skeleton of the trunk and pelvis. It joins the 

pelvic bone and the femur, more specific the cup-like acetabulum and the rounded femur head, 

creating a unique ball-and-socket configuration. The acetabulum usually covers about 75% of 

the femoral head, when evaluated on an AP radiographic image (7). Although this joint is quite 

well enclosed, it still offers a great dynamic range of rotatory motion because of this 

configuration, including abduction, adduction, flexion, extension, internal rotation and external 

rotation. The ability of the hip to combine stability and great range of motion (ROM) ensures 

that the hip can carry out its quite versatile primary function, namely to support the weight of 

the upper body in both static (e.g. retaining balance) and dynamic postures (ambulatory 

movement). The general anatomy of the hip joint can be consulted in Figure 1. 

 
Figure 1 : Skeletal and capsular reproduction of the pelvis (a) and hip joint (b). 

(Medscape : Hip joints, anterior view. Online 2016. Retrieved on the 6th of December 2016, on 

http://emedicine.medscape.com/article/1898964-overview) 

In the following part, we’ll discuss each participating structure in detail and their interaction. 

2.1.1. Pelvis 

The pelvis consists of 4 bone structures that line the pelvic cavity : the sacrum and the coccyx, 

which form the posterior wall, and a pair of hip bones (also os coxa), which create the lateral 

(a) (b) 
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and anterior boundary. The female pelvic cavity is formed in an oval to circular fashion, 

whereas the male cavity takes on a more heart-like shape (the sacrum being the indentation).  

The coxal bone consists of three bones, embryologically speaking, which meet in a Y-shaped 

fashion in the acetabulum, scilicet the pubic bone (anterior part), the ischium bone (posterior 

part) and the ilium bone (superior part). The triradiate cartilage fuses uniformly at ages 12 to 

16 (7). The age of ossification of the triradiate cartilage is a topic of discussion with advocates 

stating it occurs at the age of 25 while others say earlier (8). The acetabulum is usually oriented 

slightly to the inferior, lateral and anterior. 

The articulating surface of the acetabulum is lined with articular cartilage. This cartilage is 

interrupted in the center, creating a horse-shoe or crescent shape, leading to its name : the lunate 

cartilage. That recess, the acetabular fossa, is filled with a fibrofatty substance : the pulvinar. 

Its function is speculated to assist in the intra-articular movement as greasing pad. 

The rim of this acetabular cup is interrupted by a small recess, the acetabular notch. The 

transverse acetabular ligament bridges this notch, completing the ring around the spherical head 

of the femur.   

A fibrocartilaginous band attaches to the rim of the acetabulum, this is the labrum. The labrum 

has a triangular shape in cross section in the young adult. This shape progresses to a more 

rounded, hypoplastic form because of age-related degeneration, particularly in the 

anterosuperior quadrant. It inserts on and blends with the transverse ligament along the 

superficial margin and with the acetabular hyaline cartilage along the deep margin. Its function 

is trinal, firstly it serves as a transition zone between the acetabular bone cortex and the firm 

joint capsule. Secondly it enlarges the contact surface between the femur head and the socket 

around it even more i.e. deepening the acetabular cup, making the hip joint more stable. Thirdly 

it distributes the synovial fluid, by doing so it permits the movement to be as frictionless as 

possible (7). The labrum has a fourth function in the shoulder where it gives additional stability 

related through the suction phenomenon. This fourth function is generally not observed in the 

hip joint (7), although some believe it to exist in the hip too. The anterosuperior part of the 

labrum might be absent in asymptomatic patients and is assumed a normal variation (9). 

The pelvis provides attachment for a substantial amount of muscles. Following muscles, rising 

from the pelvis, take care of hip movement : the gluteal muscles (gluteus maximus, medius, 
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minimus), the lateral rotator group (piriformis, gemellus superior and inferior, internal and 

external obturator), the hamstrings (biceps femoris, semitendinosus, semimembranosus), the 

anterior group (rectus femoris, sartorius) and the adductor group (pectineus, adductor longus, 

adductor brevis, adductor magnus). It is worth mentioning that the anterior group does not 

attach on the femur, but on the proximal tibia instead, albeit with a layover on the patella. These 

muscles bridge the hip as well as the knee, in this manner the rectus femoris muscle contributes 

to hip flexion and knee extension, the sartorius muscle on the other hand provides hip abduction, 

external rotation of the hip and knee flexion next to hip flexion. The anatomy of the hip bone 

and insertion of the several muscles concerning hip motion are displayed in Figure 2. 

 
Figure 2 : Skeletal reproduction of os coxa (hip bone), lateral view. (a) Overview of bony structures.  

(b) Overview of muscle insertions. 

((a) Paulsen F., Waschke, J. Sobotta Atlas of Human Anatomy 15th ed. Urban & Fischer, Amsterdam, 2011.) 

((b) Wikipedia: Right Os innominatum, external surface. Online 2016. Retrieved on the 6th of December 2016, 

on https://en.wikipedia.org/wiki/Acetabular_fossa#/media/File:Gray235.png) 

2.1.2. Femur 

The femur, also known as the thighbone, is the most proximal bone of the lower limb in tetrapod 

vertebrates and links the pelvis with the tibia as the first step in the structure of Owen’s 

blueprint. The femur belongs to the group of long bones and exists of a diaphysis and two 

epiphyses. It is the largest and strongest bone in the human skeleton and amounts to 26.74% of 

the stature on average (10). The normal femur has a slight anteversion (30-40° at birth, 8-14° 

at skeletal maturation). The reason of this anteversion lays in the embryological development 

of the lower limb. To achieve a plantigrade and bipedal gait, the lower limb has to rotate from 

(a) (b) 
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a coronal orientation to a parasagittal orientation. Rotation starts at the end of the 5th week of 

the embryological development and is fully achieved within the 8th week. The lower limb 

rotates medially, meaning internal rotation. This ensures that the knee points cranially instead 

of its original position.  

Closing of the epiphyseal growth plates 

The ossification center of the greater trochanter presents itself at the age of 3 and 6 years for 

boys and girls respectively (8). The lesser trochanter on the other hand appears at the same age 

in both sexes, being at 6 years. Ossification of these centers occurs at 14-16 years and at 16-18 

years for boys and girls respectively for both trochanters (8). Union of the proximal epiphyseal 

growth plate starts at 14 years in females and 15 years in males. This ends at 15-17 years for 

females and 16-19 years for males (11).  

Proximal epiphysis 

The proximal epiphysis comprises the head, neck, greater and lesser trochanter and neighboring 

structures. The femur head and neck are vastly enclosed within the hip musculature. The femur 

head has an average radius of 24.53 mm for males and 21.94 mm for females (12). Although it 

might seem spherical, the shape of the femoral head is actually elliptical, with a shorter axis 

anteroposteriorly. It is oriented slightly superiorly and medially relative to the femoral 

diaphysis. This directly opposes the orientation of the acetabulum (cfr. supra, 2.1.1. Pelvis), 

creating the intrinsically stable ball-and-socket configuration, as mentioned before. The alpha-

angle (cfr. infra, 2.2.2. Femoral head morphology assessment – Alpha angle), which is used to 

quantify sphericity of the femur head, has an average of 40,66° for male and 37,77° for female 

healthy adolescents. A small depression is situated on the supero-medial side of the femur head, 

called the fovea capitis, and serves as insertion point for the ligamentum teres, this ligament is 

also known as the ligamentum capitis femoris. The articulating surface of the femur head is also 

layered with articular cartilage, albeit somewhat less robust than the lunate cartilage (7).  

The femoral head is connected to the diaphysis through the neck, which is a 4-5 cm long shaft. 

The cartilage of the articulating surface ends on the junction of the spherical head and the 

cylindrical neck. The cross-section of the neck is circular in newborns and obtains its elliptical 

during maturation of the individual. The final form of the ellipse is subject to the load bearing 

and the direction of the axes (13). The angle between the axis of the neck and the axis of the 
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diaphysis (also known as the centrum-collum-diaphyseal angle (CCD)) lays between 120° and 

130°of a normal adult. This angle scales down throughout the life, in infants the average 

revolves the 150° and diminishes to about 120° in the elderly. 

The femur head and neck mainly determine the range of motion of the hip, as opposed to 

trochanters, that serve their purpose as attachment site for the hip musculature and the joint 

capsule. The greater trochanter, found laterally and generally quite accessible through 

palpation, is the insertion area for the abductor, adductor, endo- and exorotator muscles of the 

hip. The lesser trochanter, a cone-shaped eminence found medially, is the insertion area for the 

iliopsoas tendon. The intertrochanteric line, the anterior connection of the two trochanters, 

serves as insertion point for the iliofemoral ligament, the ischiocapsular ligament and the joint 

capsule of the hip (cfr. infra, 2.1.3. Interaction Pelvis-Femur - Ligaments). The intertrochanteric 

crest connects the two trochanters in a fashion of an osseous ridge that runs along the posterior 

side of the femur. It is not an insertion area, neither for muscles, nor for the hip joint capsule. It 

does however mark the transition of neck to diaphysis. 

The femoral neck is prone for fractures, since the weight forces of the body have to be diverted 

from the gravitational pull as a result of the discrepancy between the anatomical (axis of the 

femoral diaphysis) and the mechanical axis (connection between center of the  femoral head to 

the center of the ankle joint) of the lower extremity. The anatomy of the femur can be consulted 

in Figure 3. 

Diaphysis 

The diaphysis, or the corpus femoris, is long and slender. Its cylindrical shape is somewhat 

arched anteriorly, giving it a ventro-convex curve. It is bolstered posteriorly because of the local 

concavity, this reinforcement is called the linea aspera, which lends itself for insertion of the 

adductors and intermuscular septa. It gets its ridge-like form because of the tension created by 

the muscles. It starts as the gluteal tuberosity proximally, resolves to a line and diverges more 

toward the distal epiphysis. The femora converge medially toward the femoro-tibial joint 

(knee), the convergence angle is greater in females as a result of the broader pelvis (cfr. supra, 

2.1.1. Pelvis). 
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Distal epiphysis 

The distal epiphysis has a broad base, with a medial and lateral condyle, and has a somewhat 

cuboid-like form. The condyles protrude posteriorly with a concave notch in between, the 

intercondylar fossa. The medial condyle is slightly less prominent, more narrow and somewhat 

longer than the lateral condyle. Within the intercondylar fossa lay the cruciate ligaments. 

 
Figure 3 : Skeletal reproduction of the femur. (a) Anterior view. (b) Medial view. (c) Posterior view. 

(Paulsen F., Waschke, J. Sobotta Atlas of Human Anatomy 15th ed. Urban & Fischer, Amsterdam, 2011.) 

2.1.3. Interaction Pelvis - Femur 

Ligaments 

The hip joint is enclosed by a broad, thick layer of mechanical fibers, forming the joint capsule. 

These fibers are essentially oriented longitudinally, securing the femoro-pelvic link, however a 

small part is oriented in a circumferential fashion. This circumferential fraction is concentrated 

at the base of the femoral neck, known as the zona orbicularis which aids in stabilizing the 

femur head in the acetabulum.  

The femoro-pelvic link is additionally secured by three extracapsular ligaments (the iliofemoral 

ligament, the ischiofemoral ligament and the pubofemoral ligament) and one intracapsular 

ligament (the ligamentum teres). The iliofemoral ligament, being the strongest ligament in the 

(a) (b) (c) 
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human body (7), arises from the inferior anterior iliac spine (IAIS) and implants on the femur 

by means of a dual attachment on the intertrochanteric line. Because of this specific way of 

attaching, it prevents anterior dislocation of the hip when positioned in extreme extension and 

external rotation. The ischiofemoral ligament runs along the superior part of the hip, then blends 

in smoothly with the circumferential fibers of the capsular zona orbicularis. The ischiofemoral 

ligament prevents exaggerated movement when the hip is in an internally rotated position. The 

pubofemoral ligament connects the superior pubic ramus to the femoral neck, deep to the 

iliofemoral ligament insertion and prevents excessive abduction of the hip. 

The ligamentum teres is cone-shaped, the top attaching to the fovea capitis femoris and the base 

attaching to and blending with the transverse ligament. It contains two fascicles, both arising 

from a different edge of the acetabular notch (the pubic and the ischial). The various ligaments 

are depicted in Figure 4. 

 
Figure 4 : Skeletal and capsular reproduction of the hip joint. (a,b) anterior view. (c) posterior view. 

((a) Wikipedia: Hip-joint, front view. The capsular ligament has been largely removed. Online 2016. Retrieved on 

the 6th of December 2016, on https://en.wikipedia.org/wiki/Ligament_of_head_of_femur#/media/File: 

Gray342.png) 

((b,c) Wikipedia: Extracapsular ligaments. Anterior (left) and posterior (right) aspects of right hip. Online 2016. 

Retrieved on the 6th of December 2016, on https://en.wikipedia.org/wiki/Hip#/media/File:Gray339.png) 

Cartilage 

The hip is a synovial joint (also diarthrosis), meaning that it links bones through a fibrous joint 

capsule, which is continuous with the periosteum of the joint bones. The synovial cavity is lined 

with a synovial membrane and articular cartilage. This articular cartilage, also hyaline cartilage, 

is a durable, lubricated layer on the acetabular and femoral articulating surfaces. The function 

(a) (b) (c) 
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of the cartilage is to absorb impact, ameliorate congruence (mostly in other joints, e.g. knee) 

and create frictionless joint movement in collaboration with the synovial fluid. 

Synovial plicae  

Synovial plicae are residual folds of embryological synovium at the articulating surfaces that 

contribute in the support of the joint, structural as well as functional. Morphologically speaking, 

we can divide the plicae in two big categories : the flat plicae, that are only seen in infants and 

the villous plicae, which are only seen in grown-ups. These plicae can be found at several sites 

in the hip joint : neck, labral and ligamentous plicae. The largest plica is the labral plica, which 

is found in between the anterosuperior labrum and the iliofemoral ligament. Because of its 

sizeable nature, it tends to get impinged the most. Within the pulvinar of the acetabular fossa, 

the ligamentous plica can be found, its course is parallel to the ligamentum teres and is coated 

thinly with synovium. Because of this coating, an impingement of this plica is seldom observed. 

Lastly, the neck plicae run along the femoral neck and are subdivided according to their 

position: anterior, medial or lateral bands. 

Vasculature 

The medial and lateral arteria circumflexa femoris supply the hip joint with blood. These 

arteries generally branch off of the arteria femoris profunda, although many anatomical 

variations exist. A small artery branches off of the arteria obturatoria which provides the 

femoral head with blood through the ligamentum teres. It is of negligible meaning in normal 

circumstances, however in malfunction (clot, trauma, atherosclerosis …) of the circumflex 

arteries, it considerably gains in significance, since it generally is the only barrier between a 

surviving femoral head and avascular necrosis. Two anastomoses have the same responsibility 

to avoid avascular necrosis, a cruciate and a trochanteric anastomosis, which connect the arteria 

femoris profunda to the gluteal vessels.  

2.1.4. Biomechanics 

The reason why the hip joint is one of the most essential elements for static and dynamic 

postures, is its ability to act as a primary fulcrum for pelvic inclination and balance (7). Humans 

have a bipedal gait. This results in a moment when the entire weight rests on one leg. This 

creates an offset in the center of gravity, resulting in an imbalance. The abductors correct this 

imbalance by lifting up the contralateral leg through their torque. The most important muscle 

that aids in this matter, is the gluteus medius muscle. This ensures that the offset in the center 

of gravity is diminished and balance is restored again. The Trendelenburg gait is a direct result 
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of these force pairs. The patient will lean to the affected side, reducing the torque of the 

abductors and as a consequence, reducing the force needed to generate by the abductors. A 

weakness in these muscles can be treated symptomatically and non-invasively by wielding a 

cane or walking stick in the contralateral hand. Lifting an object, e.g. a suitcase, with the 

ipsilateral hand has the identical effect. An image of the Trendelenburg gait can be consulted 

in Figure 5, as well as the main forces that determine the hip biomechanics and how the forces 

course through the femur. 

  
Figure 5 : (a) Engaging forces on the hip joint. W=body weight. F=Abductor force. H=Joint reaction force.  

(b) Center of gravity shift in Trendelenburg gait. cg=Center of gravity. R=Ground reaction force. (c) Distribution 

of forces on a long bone (a femur, in hoc casu). 

((a) Victor J. De heup - Equilibrium: out of CURSUS PROBLEMEN VAN HET BEWEGINGSSTELSEL. Ghent 

University, 2016; 6.) 

((b) WSIAT: Centre of Gravity Shift. Online 2016. Retrieved on the 6th of December 2016, on 

http://www.wsiat.on.ca/english/mlo/symptoms_leg.htm) 

((c) Wikipedia: Distribution of forces on a long bone (Femur). Online 2016. Retrieved on the 6th of December 

2016, on https://en.wikipedia.org/wiki/Long_bone#/media/File:Blausen_0401_Femur_DistributionofForces.png) 

Vernillo et al. studied the conversion of forces according to level running, uphill running and 

downhill running. They found that the heightened need for force when running uphill is met by 

a raise in work output of all joints, especially the hip (14). The average hip power doubles on 

average during the swing phase in uphill running (14). Morlock et al. reported a joint reaction 

force in the hip of 3.2 times the body weight when walking, 4.2 times when climbing the stairs, 

up to 10 times when running and 11 times when stumbling (15). 

The variation in forces between uphill and downhill running resulted in the observation that the 

knee joint is most important for absorbing shocks and braking (negative work), whereas the hip 

is more important in movement and acceleration (positive work) (14).  

(a) (b) (c) 
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An important fact that has great influence on the biomechanics of the hip joint, is that femoral 

head has no perfect spherical shape, but a more oblong form instead. As a result of this shape, 

possible motion is not limited to rotation : a small fraction of translation has been observed too 

(16-18). 

The values of a normal range of femoroacetabular motion can be consulted in Table 1. 

Requirements in terms of ROM for normal daily activities (ADL) are 124° of flexion-extension 

arc and about 33° of internal-external rotation arc. The normal ROM for these movements 

encompasses 160° and a minimum of 70° respectively (19).  

Samaan et al. researched joint moment distributions and functional performance in FAI patients 

and have reported that FAI patients have a reduced knee joint contribution to the total support 

moment (TSM), an increased time to reach peak vertical ground reaction force (vGRF), a 

prolonged sit-to-stance (STS) time and a reduced lower extremity loading rate during the STS 

task (20). The reduction in knee joint contribution to the TSM is mostly made up for by the hip 

joint. The reduction in lower extremity loading rate during STS combined with the increase in 

time to reach peak vGRF and the prolonged STS time, is suggested to be a result of a 

compensatory mechanism to stand up from a sitting position, which would reduce pain 

provoked by this movement (20). 

 Movement Range of motion 

External rotation Extended hip : 30° 

Flexed hip : 50° 

Internal rotation 40° 

Retroversion/Extension 20° 

Anteversion/Flexion 140° 

Abduction Extended hip : 50° 

Flexed hip : 80° 

Adduction Extended hip : 30° 

Flexed hip : 20° 
 

 

Table 1 : Normal range of motion for the hip joint 

2.2. Imaging measurements 

An illustration of all the measurements, that are to be discussed below, can be found in  

Figure 6. 
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2.2.1. Acetabular coverage measurements 

Lateral Center Edge angle 

The Lateral Center Edge angle of Wiberg (or CE angle or LCE angle) can be measured on an 

AP pelvic RX. The angle is formed by two lines. The first line runs through the center of the 

best fitting sphere of the femoral head, perpendicular to the pelvic horizontal line (also called 

the inter-teardrop line). The center of the best fitting sphere of the femoral head is also the 

center of rotation of the hip joint. The second line connects the aforementioned center and the 

most lateral edge of the superior acetabular cup. It is used to assess the coverage of the femoral 

head by the acetabulum. The expected range in normal asymptomatic patients is between 22 

and 33° (21).  

An angle greater than 33° results in an overcoverage of the femoral head, an angle smaller than 

22° results in an undercoverage. 

Acetabular version 

Acetabular version (or central acetabular version) can be evaluated on an axial CT . The version 

can be assessed by measuring the angle created by two lines. The first line connects the anterior 

and posterior margins of the acetabular cup. The second line runs through the posterior margin 

of the acetabulum and is parallel to the vertical axis of the pelvis. In a normal population, we 

can observe an anteversion of the acetabulum between 15 and 20 degrees (7). Although 

Köhnlein et al. have defined the normal range between 16 and 26° (22). 

If the anteversion is more extreme, meaning greater than 26°, there is a subset of patients that 

experience a certain instability anterolaterally, as has been seen with developmental dysplasia 

of the hip. If the acetabulum is in retroversion (meaning a negative value for the acetabular 

version), the ‘cross-over’ sign may be noticed, this is the result of a medialization of the 

superoposterior part of the acetabulum.  

2.2.2. Femoral head morphology assessment 

Alpha angle 

The alpha angle is the angle between two lines. The first being a line that runs along the axis of 

the femoral neck (and runs through the center of rotation of the hip). The second line connects 

the center of rotation with the section where the form of the femoral head abandons the surface 

of the best fitting sphere. The smaller the alpha angle, the more spherical the femoral head. A 

normal alpha angle is considered smaller than 50°. If the alpha angle exceeds 50°, it’s indicative 
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that the femoral head is aspherical at a certain point. This asphericity correlates with a bump on 

the femoral neck, which often gives a diminution of ROM (range of motion) through 

femoroacetabular collision.  

The alpha angle is usually measured on a CT or MRI scan on an axial-oblique image. Still, 

some studies note that a higher accuracy can be reached through radiographic measurements on 

the 45-degree Dunn view, which proofs to have higher sensitivity and specificity. 

However, a great number of authors question the accuracy and relevance of alpha angle 

measurements since it has a high risk for false-positive results and up to 54% of false-negative 

results. Morphological studies show that the shape of the femur head is in fact elliptical with 

great inter-individual variability in the anteroposterior to superoinferior dimensions. To 

improve accuracy and relevance, the concept of the multi radial plane protocol was introduced. 

In this protocol the alpha angle is measured in different planes using multi detector computed 

tomography (MDCT). The planes are oriented clockwise. When acquired three dimensionally 

and through automated analysis, this method has been proven accurate. A new technique in 

measuring the cam deformity is measuring the surface area statistically not belonging to the 

femur head or shaft. Creating a subject-specific three dimensional approach where the alpha-

angle can be computed. This technique can also be used to highlight the cam deformity in 

computer assisted surgery (23).  

2.2.3.Femoral neck and shaft orientation 

Femoral neck version 

The femoral neck version is an angle which describes the relative position of the femur neck 

to the femur condyles horizontally. Basically, it measures the rotation of the femur neck 

around its shaft. It is measured by the angle between the line connecting the femoral head 

center and the center of the narrowest part of the femur neck and the line connecting the two 

most posterior points of the condyles projected on a horizontal plane. The mean anteversion 

angle of the femur is 15° (24).  

Centrum collum diaphyseal angle 

The Centrum Collum Diaphysial angle, or CCD in short, is one of the most important 

radiographic investigations to assess the causal origin of hip pathology and the type of 

therapeutic approach. The CCD can be measured on an AP pelvic RX. The CCD is the angle 

comprised between the following two lines : the axis of the femoral neck (which runs through 
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the center of rotation) and the axis of the femoral diaphysis. The correct assessment is only 

possible if the patient is not tilted. On an accurate image, the femoral neck superimposes on the 

greater trochanter as should the lesser trochanter be noticeable medially. The expected range 

for a normal CCD is considered between 120 and 130°. If the angle exceeds 130°, coxa valga 

can be observed. However if the angle undershoots 120°, coxa vara can be observed.  

 
Figure 6 : (a) Lateral center edge angle. (b) Femoral neck version. (c) CCD. (d) Alpha angle.  

(e) Acetabular version. 

((a) Clinical Graphics. Move Forward™ report. Delft, the Netherlands.) 

((b) Bone and Spine: Anteversion and Retroversion of Femur, Image Credit : APTA. Online 2016. Retrieved on 

the 6th of December 2016, on http://boneandspine.com/what-is-anteversion-and-retroversion/) 

((c) Schrading S, Schulze A. Preoperative diagnostic imaging and planning. Orthopade. 2016;45(8):644-52.) 

((d) Laborie L. B., et al. "The alpha angle in cam-type femoroacetabular impingement." Bone Joint J 96.4 (2014): 

449-454.) 

((e) Dandachli Wael, et al. "Analysis of acetabular version in the native hip: comparison between 2D axial CT and 

3D CT measurements." Skeletal radiology 40.7(2011):877-883.) 

2.3. Femoroacetabulair Impingement 

Femoroacetabular impingement (FAI) is a pathological process where an abnormal contact 

between femoral head and neck and the acetabular rim occurs while performing normal 

activities, meaning within normal ROM boundaries. This premature contact leads to a decrease 

in ROM especially in internal rotation. There are two types of impingement: cam type (an 

asphericity of the femur head and loss of concavity of the femoral neck) and pincer (an 

acetabular rim issue). In this study, the focus lays on cam-type FAI. A depiction of these 2 types 

can be consulted in Figure 7. 

(a) (b) 

(c) (d) (e) 
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FAI usually presents itself as slow onset groin pain in young adults, mostly males. At first the 

pain is intermittent and exacerbated with excessive physical activities, prolonged walking or 

after sitting for a long period of time (25).  

The prevalence of cam-type FAI in the general adult population is set at 10% to 15%. The 

prevalence is significantly higher in males than females with a male prevalence at around 24% 

(26).  

The labrum is exhaustively innervated by the obturator nerve and a branch of L4-S1 (also 

innervates the quadratus femoris muscle). The supero-anterior quadrant is most densely 

innervated, which might explain the painful nature of these injuries. 

There is a certain side-to-side variation within the femurs of an individual. These variations are 

proven significant for femoral anteversion, horizontal offset and femoral head center (27). This 

might explain why CAM-type impingement usually occurs unilateral. 

A. Vo et al.  found that there is a gender difference in physeal maturation of the femoral head-

neck contour. The male contour varies according to the physeal maturation. Pre-physeal fusion 

may be the critical period in the development of cam-type FAI. Carsen et al. found no cam 

morphology before physeal closement and a possible positive correlation between level of 

activity and cam deformity (26, 28).  

Asphericity in FAI is mostly measured through the alpha angle or clockwise alpha angle 

measurements. The obtained clockwise alpha angles are usually increased in the anterior and 

anterosuperior positions (12-1-2 o’ clock). The diagnostic cut-off value for the alpha-angle was 

recently suggested to be set at 57° for a good sensitivity and specificity (29). 

 
Figure 7 : A visualization of the cam vs. pincer type morphology in femoroacetabular impingement. 

(Snow orthopedics: Femoroacetabular Impingement. Online 2016. Retrieved on the 6th of December 2016, on 

http://snoworthopaedics.com/portfolio/femoroacetabular-impingement/) 
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2.3.1. Etiology 

Cam-type impingement seems to have a quite extensive etiology. In general, 5 categories can 

be distinguished (30). The first relates to a developmental disorder, such as an aspherical 

femoral head or coxa vara. The second category covers traumatic events, such as a mal-union 

of a femoral neck fracture or a post-traumatic retrotorsion of the femur head. The third contains 

a few pediatric disorders, e.g. Perthes or a slipped capital femoral epiphysis. Iatrogenic causes 

as a fourth category include inter alia femoral osteotomies along with the reactive bone-

formation it induces. These four categories only cover the known causes, therefore a fifth 

category has been assigned to the idiopathic cam-type impingements, which is still accountable 

for the greater part of the cam lesions. 

2.3.2. Consequences 

Cam-type FAI does not only result in a restriction of ROM and impingement through its mass-

effect, it also induces chondral lesions in the anterosuperior quadrant, which progresses to 

delamination of the articular cartilage and rarely of the labrum (30). Labral tears and 

delamination are more common in pincer-type FAI as opposed to chondral damage, which is 

more frequent in cam-type FAI (30). Another reported consequence is that a chondral flap can 

develop on the posterior side of the femur head as a sequel of shear stress caused by the 

impingement bump (30). FAI is discussed to have a connection with early onset osteo-arthritis 

(cfr. infra, 2.3.3. FAI and Osteo-arthritis).  

2.3.3. FAI and Osteo-arthritis 

Osteo-arthritis (OA) has a very diverse etiology. Many of the idiopathic OA cases relate to 

aberrant morphologic features of the hip such as FAI. Cam-type FAI leads to abnormal contact 

between the acetabular labrum and the cam lesion, leading to acetabular chondral degeneration 

and degenerative labral tears. This deviant contact usually happens at the end of a movement, 

especially in internal rotation and adduction during flexion of the hip. This produces abrasion 

of the cartilage and labral damage, leading to avulsion in some cases. It is suggested that, if left 

untreated, these lesions can acquire a progressive nature and become a predisposing factor for 

early onset OA (25).  
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2.3.4. Surgical treatment 

Open surgery 

One of the first surgical treatments for FAI was an open osteo(chondro)plasty. The patient was 

placed in the lateral decubitus position. The hip was exposed anteriorly, through an incision of 

15-25 cm, and dislocated with preservation of hip vascularity and bone stock (31). The site of 

impingement was identified and the labrum checked for lesions. After identification, the non-

spherical portion of the femoral head was removed as was any excess of acetabular coverage. 

Impingement-free ROM was checked after reducing the hip and excision was repeated if any 

residual impingement was apparent. Open surgery has a few assets, these are inter alia the 

following : it is a well-accepted method for FAI-treatment and it provides an acceptable to 

outstanding outcome as well in short-term as in midterm follow-up (32-35). 

The drawbacks of open surgery are inter alia large surgical exposure and partial weight bearing 

for prolonged duration (multiple weeks). Up to 1 in 4 needed to go through screw removal of 

the greater trochanter due to persisting or recurrent bursitis and pain (32). 

Arthroscopy 

The practice of hip arthroscopy is fairly new but has already increased with a 25-fold from 2006 

to 2013 and is still rising. Nowadays, FAI is treated more often through arthroscopy as a result 

of this general increase. This allows for smaller incisions (6-7 mm each, usually two are 

needed), less soft tissue and bone disruption, shorter hospitalization, faster rehabilitation, lower 

incidence of infection and high rates of patient satisfaction (31). Arthroscopic treatment of cam-

type FAI appears to be safe with fewer complications than the open technique. This is confirmed 

by the findings of Cvetanovich et al., who found that the overall risk of complications is 1.3%  

and a mortality of 0.1% within 30 days postoperative (36). The report of Malviya et al. has 

comparable results : a 90-day deep venous thrombosis and pulmonary embolism rate of 0,08% 

with a 90-day mortality rate of 0,02% (3). Larson et al. reported a considerable increase of the 

modified Harris Hip Score (mHHS) after arthroscopic FAI treatment at 1-year follow-up (32, 

37). Horisberger et al. reported a significant decrease in pain and a significant increase in 

Nonarthritic Hip Score (NAHS) of 4 points on the Visual Analog Scale (VAS) and 27.8 points 

on average, respectively (32). 

On the other hand, implementing this new technique provides a certain set of challenges for the 

practicing hip surgeon. Recent studies report an increase of revision surgery for cam-type FAI 
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up to 5% with the main cause being an incomplete bony resection, this number varies according 

to the experience of the surgeon. A likely cause for this decrease in accuracy is trinal. Firstly, 

the cam lesion on the femoral neck has a complex three-dimensional (3D) architecture . 

Secondly, because of the sturdy mantle built by muscular and ligamentous fibers, the hip is a 

very narrow joint. This implies that navigating within the joint increases in difficulty due to 

limited working area and view. Caution is also needed for the neurovascular structures that are 

to be found around the working area, such as the sciatic nerve and the femoral artery and vein. 

Thirdly, as opposed to open surgery, a comparison with a surgical spherical template is no 

longer possible, meaning the surgeon has to rely on two-dimensional (2D) information retrieved 

by fluoroscopic and arthroscopic assessment for accuracy concerning a spherical outcome of 

the femoral head (4, 31). 

A steep learning curve is reported. The number of minor complications is also directly related 

to the experience of the surgeon with most minor complications being iatrogenic chondrolabral 

injury and temporary neuropraxia. Temporal paresthesias (pudendal nerve, lateral cutaneous 

femoral nerves and sciatic nerve have been observed) and cutaneous lesions in the genital area 

are usually a direct result of the positioning of the traction mechanism (32). 

 Cvetanovich et al. reported that regional/monitored anesthesia care, in comparison with general 

anesthesia, and steroid use in the history were significant and independent predictors of minor 

complications such as bleeding (requiring a transfusion), superficial infection and deep venous 

thrombosis (36). Although the perioperative risks are fairly low, if complications occur, as 

uncommon as they are, they can be life-threatening and appropriate treatment is needed. 

3. Aim of the study 

3.1. Accuracy 

The aim of this study is to determine if we can improve the accuracy of cam resection through 

conventional fluoroscopically guided arthroscopy by using 3D navigated surgery. Clockwise 

-angle measurements were used to evaluate accuracy in both groups and to evaluate if there 

is a significant difference between the two groups postoperative. Surgical accuracy in FAI 

arthroscopy is critical, since both over- as underresection are reported to have a lesser outcome, 

because of persistent premature contact between femoral neck and acetabular rim and higher 

risk  of femoral neck fractures respectivily (4, 38). Our hypothesis is that computer-assisted 
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cam resection will normalize the clockwise alpha angle measurements as compared to 

fluoroscopically guided arthroscopy. 

3.2. Range of motion 

Patients with CAM-type impingement have a limited range of motion (ROM). Our aim was to 

evaluate if there is a significant difference in ROM postoperative between the two groups. A 

limited ROM postoperative is a sign of an incomplete bony resection.  

3.3. Surgical time and radiation exposure 

We also evaluated surgical time in both groups. A longer surgical time is linked with an extra 

cost and with a higher risk of complications due to a longer anesthesia. We compared both 

groups. Radiation exposure from the fluoroscope during surgery was also extracted. Exposure 

should be as low as possible. Again we compared both groups. 

4. Methods and materials 

The design of the study was a prospective randomized controlled trial. All patients were male 

and aged between 18 to 40 years. They were all recruited prospectively from the first of January 

2015 until the 30th of March 2016. All participants signed informed consent and the study was 

approved by the local ethics committee. 

4.1. Characteristics of the population 

4.1.1. Sample size 

The sample size was based on the following parameters: effect size = 8°, standard deviation 

(sigma = 7°), type II error rate (beta = 0.2) and type I error rate (alpha = 0.05). These parameters 

are based on recent literature for normal and postoperative alpha angle measurements (4, 39). 

To statistically support the study hypothesis, a minimum sample size of 13 cases per group was 

calculated. In this study, 15 patients per group were recruited. One patient in the fluoroscopic 

guided group was excluded based on the unexpected and severe cartilage damage discovered 

during the actual surgery, which the senior surgeon considered to be too severe for hip 

arthroscopy. 

4.1.2. Inclusion criteria 

We only included male subjects. All patients had to have a predominantly cam-type FAI that 

was found to be positive on standard image profile and the Dunn 45° view. An alpha angle 
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greater than 60° was used as criterion for inclusion of FAI and a central edge angle between 

20°-35° was used for inclusion of cam-type and exclusion of predominantly pincer-type FAI. 

Clinical signs had to include a positive impingement test and C-sign. Exclusion criteria are 

patients with previous hip surgery or the presence of degenerative signs according to the Tönnis 

and Heinecke classification (>0). 

4.2. Processing of the radiographic images 

In this study we used a CT (computed tomography) (Definition Flash, Siemens, Erlangen, 

Germany) of the pelvis for the preoperative planning instead of the classic frog-leg radiograph 

with additional slices through the knee to account for femoral version on all patients. To 

minimize radiation exposure, a low radiation dose protocol was used with the following 

characteristics 120KV, 120mAs effective mass with the automatic exposure control system 

(CARE) turned off to prevent dose increase for higher image quality.  

These CTs were then imported into Mimics 18.0 (Materialise NV, Leuven, Belgium). 3D 

reconstructions of the femur and pelvis (os coxa) were created by means of setting a threshold 

mask and the 3D-livewire feature. The 3D reconstructions were saved as an stl 

(STereoLithography) file. Mimics computes its 3D reconstructions through linking triangles in 

the best fitting way. To eliminate some of the artefacts created by the processing method of 

Mimics, we used the Smooth and/or Wrap features. The accuracy of the 3D reconstructions was 

reviewed by a third independent party. An in-program image of Mimics can be viewed in 

Figure 8. 

These 3D reconstructions were send to Clinical Graphics (Delft, The Netherlands), who 

generated Move Forward™ reports using a validated method (40). In these reports they 

determined the range of motion (ROM) and calculated a surgical cam resection plan in order to 

achieve a normal ROM postoperative using dynamic collision software.  

Three months after the operation, the patients underwent a control MRI. This MRI was used to 

construct a 3D reconstruction of the femur, which is slightly different than the preoperative 

femur since the resection took place. Just as Mimics 18.0 was used for the 3D reconstructions 

of the CT images, it was used for the MRI images as well. First we resliced the MRI to 0,5mm, 

since the originals had a slice thickness of 3,0 mm. This also helped to improve our 3D 

reconstructions. We then imported the preoperative 3D reconstruction based on the 
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preoperative CT. After the alignment of the 3D reconstruction with the MRI image, by 

translation and rotation, We scanned through the MRI slices to adjust the preoperative 3D 

model to the postoperative condition, meaning we erased the peroperative resected bone-tissue 

on a slice-per-slice manner. This postoperative femur reconstruction was then imported into the 

original CT and aligned with the preoperative femur.  There usually was a slight mismatch, so 

using Boolean operations we isolated the removed part and edited it to be as expected from this 

kind of operation thus eliminating areas not reachable with hip arthroscopy. We then subtracted 

the ‘removed part’ of the preoperative 3D reconstruction to get the final postoperative 3D 

reconstruction.  The Smooth and/or Wrap features were also applied at this point for reduction 

of artefacts created by the software. The pelvis and postoperative stl-files were then sent to 

Clinical Graphics to obtain a postoperative determination of the ROM and alpha-angles.  

 

Figure 8 : A finished example of the segmentation in Mimics 18.0 

(Materialise NV, Leuven, Belgium) 
 

4.3. Measurements 

The received reports gave us the results of a simulation in which our 3D reconstructions were 

used to determine the new range of motion of the hip. The motions that were used are the 

following :  
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- Flexion  

- Internal rotation with 90° flexion  

- Internal rotation with 60° flexion and 20° adduction 

- Internal rotation with 90° flexion and 20° adduction 

-angle measurements were used to determine the accuracy of the cam resection by comparing 

pre- and postoperative results. We also used the -angle to compare accuracy between the two 

groups. Measurements were made on multiple radial planes, for greater accuracy and 3D 

modelling as described by Audenaert et al. The -angle measurements ranged from the 9 

(posterior) to 3 o’clock (anterior) position. This allowed for determination of the maximum 

alpha angle (23). An illustration of these clockwise alpha angle measurements is depicted in 

Figure 9.  

 
Figure 9 : (a) A visualization for clockwise alpha angle measurements and how they are obtained, anterior view. 

(b) Alpha angles in multiple radial planes on CT 

(Clinical Graphics. Move Forward™ report. Delft, the Netherlands) 

4.4. Surgery 

All patients were positioned in a supine position and underwent general anesthesia. In the 

navigated group an optical tracker was inserted at the distal femur. Calibration of the navigation 

tools and the 3D fluoroscope (Ziehm Vision 3D, Nürnberg, Germany) was then performed. The 

fluoroscope was used intra-operatively to match the patients surgical CT planning with his 

anatomy. The target resection volume of the preoperative determined cam-lesion was 

highlighted in the patients original images and exported using DICOM to use in the navigation 

system (41). Orthomap 3D navigation (Stryker, Mahwah, NJ, USA) was used as navigation 

software and planning software. The preoperative defined cam lesions were highlighted using 

provided segmentation tools by the software.  

(a) (b) 
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The C-arm was adjusted for height and translation in order to achieve optimal imaging of the 

proximal femur. The C-arm was tilted 45 degrees to increase the quality of overview on the 

superolateral portion of the hip. This allowed to capture the trochanter minor and major and 

other specific anatomy up to the level of the femur neck without visualization of the acetabulum, 

as this would compromise the image matching procedure. Radiation-free manual runs were 

performed to ensure the C-arm would not collide with other objects during the automated scan. 

This image based protocol was previously validated and allows for reliable surgical resection, 

as described by Audenaert et al. (4).  

Two portals were created: one to the central department followed by one to the peripheral 

department as first described by Philippon et al. With traction applied, arthroscopy began in the 

central department (42). Labral and cartilage damage was treated with debridement or fixation 

according to the degree of damage. Delamination of the cartilage mostly occurs at the 

impingement zone. After debridement, traction was released and the cam lesion identified.   

From this moment on, further fluoroscopic guidance was no longer needed and the following 

cam resection was exclusively assisted by visual feedback from the navigation system. 

Resection of the pathological ‘bump’ was performed using burr and shaver. It was safeguarded 

that no more than 20% of the neck was removed. All of this was evaluated by checking regularly  

intra-articular with a rigid pointer of the navigation system. The reason that an additional 

pointer is needed for evaluation of the resection is that previous testing had shown that due to 

deformation of the shavers and burs their accuracy as pointers was not to be trusted upon. The 

tip gets deformed while using it because of the hollow nature of these instruments,. After 

resection, functional testing was performed. The incisions were sutured and the optical tracker 

was removed from the distal femur if this functional evaluation was found to be adequate. 

Regular fluoroscopic guided cam resection was performed identically, excluding the instalment 

of the optical tracker and the use of the navigation device. The surgeon studied the preoperative 

plan for the resection, as had been done in the navigated group. The lesion was resected using 

an arthroscopic burr while fluoroscopically guided. Resection of the cam-lesion was evaluated 

through dynamic fluoroscopy. Surgical time and radiation exposure during the procedures was 

noted for both groups. 
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4.5. Statistical Analysis 

Statistical analysis of the data was performed using the SPSS statistics software (version 23.0, 

SPSS Inc, Chicago, IL, USA). Descriptive statics were determined. Continuous variables are 

represented by mean ± standard deviation, nominal variables are represented by frequencies 

noted in percentages.  Continuous variables have been tested for normal distribution using the 

Kolmogorov-Smirnov test in each group and have been tested for homogeneity of variances 

through Levene’s test. Provided that normality was assumed for both variables to be analyzed, 

the Paired-Samples T Test was performed for the preoperative - postoperative comparison and 

the Independent-Samples T Test for the navigation - control comparison. If the normality was 

not assumed by both variables, the non-parametric alternative was selected : the Wilcoxon 

signed-rank test for the preoperative - postoperative comparison and the Mann-Whitney U Test 

for the navigation - control comparison. The significance-limit was set at p < 0.05. and was 

used for all statistical analyses. 

5. Results 

5.1. Patient demographic and morphometric characteristics 

30 patients have been identified who had a symptomatic cam lesion and who then underwent 

hip arthroscopy, be it in the control group (standard treatment, being fluoroscopic arthroscopy 

for cam lesions) or be it in the navigated group. 15 patients were assigned to the navigated 

group, as were 15 patients to the control arm through block-based randomization. 1 patient was 

excluded from the study, leaving 14 patients in the control group. The mean patient of the 

navigated cases was 25,7 ± 5,6 years old, male with a BMI of 25. The same can be assumed for 

the control arm, since the two groups have not been proven significantly different in 

demographic and morphometric characteristics (Table 2). 

The characteristics of the mean hip joint morphology in both groups are :  

 Slight valgus alignment of the femur 

 Normal femoral anteversion 

 Normal femoral coverage by the acetabulum (although marginally high) 

 Normal acetabular anteversion (although marginally low) 
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Navigated cases 

(amount = 15) 
 

Control cases 

(amount = 14) 
 

Significant difference? 

. 

Demographic characteristics Mean ± SD   Mean ± SD   Sig. (2-tailed) 

Age in years 25,7 5,6 
 

25,3 5,9 
 

0,859 

Male 100% 0,0 
 

100% 0,0 
 

1,000 

Right side cam deformity 53% 0,5 
 

57% 0,5 
 

0,880 

Height in cm 177,6 8,8 
 

176,4 10,0 
 

0,725 

Weight in kg 79,0 10,7 
 

77,8 10,9 
 

0,764 

BMI in kg/m² 25,0 2,0 
 

24,9 1,7 
 

0,882 

Morphometric characteristics               

CCD in ° 131,9 5,6 
 

130,9 4,6 
 

0,575 

Femoral version in ° 7,1 5,7 
 

7,6 8,9 
 

0,855 

CE angle in ° 31,4 4,0 
 

31,0 3,1 
 

0,768 

Central acetabular version in ° 15,8 5,5 
 

17,6 4,6 
 

0,342 

Version of the upper sphere in ° 14,9 7,1   15,3 6,7   0,872 

CCD = Center-Collum-Diaphyseal angle, CE = Lateral Center Edge angle 

Table 2 : Descriptive statistics of the study population – Navigated cases vs. Control cases 

5.2. Preoperative vs. Postoperative 

The Paired-Samples T Test and the Wilcoxon signed-rank test as the parametric and non-

parametric test respectively showed a significant difference in IRF (internal rotation in 90° 

flexion), FADIR90 (internal rotation in 90° flexion and adducted) and alpha angles between 

12h and 3h for the navigated arm with p values of 0.010, 0.003 and < 0.001 respectively. In the 

control arm FADIR90 and the alpha angles at 1, 2 and 3h differ significantly in comparison 

with the preoperative state with p values of 0.041, < 0.001, <0.001 and 0.001 (Table 3). 
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Mean 

 
± SD* 

 
P 

NAVIGATED Preop Postop Difference       Sig. (2-tailed) 

Flexion in ° 114,1 116,6 2,5 
 

4,7 
 

0,063 

Internal rotation in 90° flexion in ° 24,4 27 2,6 
 

3,4 
 

0,010 

Internal rotation in 60° flexion, adducted in ° 38,8 39,9 1,1 
 

2,1 
 

0,052 

Internal rotation in 90° flexion, adducted in ° 16,3 22,6 6,3 
 

6,8 
 

0,003 

Alpha angle at 11h in ° 42,9 42,5 -0,3 
 

1,0 
 

0,207 

Alpha angle at 12h in ° 57,5 45,0 -12,5 
 

10,7 
 

< 0,001 

Alpha angle at 1h in ° 71,7 52,9 -18,9 
 

10,5 
 

< 0,001 

Alpha angle at 2h in ° 68,7 48,8 -19,9 
 

8,5 
 

< 0,001 

Alpha angle at 3h in ° 56,3 48,9 -7,4   4,3   < 0,001 

CONTROL             

Flexion in ° 112,4 112,3 -0,1 
 

0,5 
 

0,583 

Internal rotation in 90° flexion in ° 23,4 24,0 0,6 
 

2,6 
 

0,430 

Internal rotation in 60° flexion, adducted in ° 34,2 36,1 1,9 
 

5,1 
 

0,197 

Internal rotation in 90° flexion, adducted in ° 17,0 19,4 2,4 
 

3,9 
 

0,041 

Alpha angle at 11h in ° 43,2 43,0 -0,2 
 

1,1 
 

0,459 

Alpha angle at 12h in ° 62,6 60,4 -2,2 
 

6,1 
 

0,200 

Alpha angle at 1h in ° 70,6 54,5 -16,1 
 

10,7 
 

< 0,001 

Alpha angle at 2h in ° 65,9 49,9 -16,1 
 

9,3 
 

< 0,001 

Alpha angle at 3h in ° 57,2 50,3 -6,9   6,5   0,001 

*Mean difference between preoperative and postoperative situation 

Table 3 : Dynamic motion and sphericity of the femur head – Preoperative vs. Postoperative situation 
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5.3. Navigation vs. Control group 

The independent-samples T Test and Mann-Whitney U test as parametric and non-parametric 

test respectively revealed a significant difference between the navigated group and the control 

group in the 12’ o clock alpha angle, DAPV (fluoroscopy total Volume Dose Area), 

Fluoroscopy time and Installation time with p values of 0.015, 0.010, 0.037 and < 0.001 

respectively (Table 4). The preoperative versus postoperative clockwise alpha angle 

measurements are depicted in Figure 10.  

 

Figure 10 : Clockwise alpha angles preoperative and postoperative for the navigated (a) control group (b). 

  

(a) (b) 
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Navigation  Control   P 

Dynamic motion Preoperative Mean ± SD  Mean ± SD  Sig. (2-tailed) 

Flexion in ° 114,1 6,0  112,4 12,3  0,632 

Internal rotation in 90° flexion in ° 24,4 7,2  23,4 10,5  0,772 

Internal rotation in 60° flexion, adducted in ° 38,8 2,0  34,2 9,8  0,79 

Internal rotation in 90° flexion, adducted in ° 16,3 8,6  17,0 10,6  0,854 

Alpha angle at 11h in ° 42,9 3,6  43,2 4,5  0,819 

Alpha angle at 12h in ° 57,5 11,4  62,6 19,8  0,409 

Alpha angle at 1h in ° 71,7 8,0  70,6 13,7  0,786 

Alpha angle at 2h in ° 68,7 5,6  65,9 6,6  0,236 

Alpha angle at 3h in ° 56,3 7,5  57,2 7,4  0,752 

 

Dynamic motion Postoperative 

  
 

  
 

 

Flexion in ° 116,6 4,3  112,3 12,7  0,943 

Internal rotation in 90° flexion in ° 27,0 6,7  24,0 10,0  0,346 

Internal rotation in 60° flexion, adducted in ° 39,9 0,3  36,1 7,1  0,097 

Internal rotation in 90° flexion, adducted in ° 22,6 5,8  19,4 10,3  0,315 

Alpha angle at 11h in ° 42,5 3,5  43,0 4,7  0,761 

Alpha angle at 12h in ° 45,0 3,0  60,4 20,3  0,015 

Alpha angle at 1h in ° 52,9 6,1  54,5 7,2  0,514 

Alpha angle at 2h in ° 48,8 9,5  49,9 7,0  0,737 

Alpha angle at 3h in ° 48,9 8,0  50,3 8,7  0,666 

Underresection* in % 14% (2/15)  29% (4/14)   

 

Metavariables 

  
 

  
 

 

Fluoroscopy total volume dose area in cGycm2 731,2 300,8  488,4 138,1  0,01 

Fluoroscopy time in min 1,0 0,6  0,7 0,3  0,037 

Installation time in min 29,4 8,5  15,5 7,2  < 0,001 

Surgical time in min 85,5 24,4  88,4 29,8  0,771 

*underresection is defined as an alpha angle > 60°        
 

Table 4 : Dynamic motion (preoperative and postoperative) and some metavariables of the operation – 

Navigated cases vs. Control cases. 
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6. Discussion 

Our primary outcome was to statistically prove that the computer-assisted resection is more 

accurate than the standard fluoroscopically-guided procedure. We have found that computer-

assisted surgery has a superior surgical outcome which is a normalization of the normal 

anatomy. Installation time is a drawback but surgery time was not significantly different. 

Another drawback is radiation exposure, which is higher in the navigated group.    

In this study we only included males due to a higher prevalence of cam-type FAI in males. Also 

females have a lower mean alpha angle in the general population (12, 26).    

We chose to evaluate accuracy based on alpha angle measurement using the radial plane 

protocol. The alpha angle is historically the most commonly used parameter for defining FAI. 

However there are other parameters described and published that are not widely accepted. 

Therefore we did not take into account the amount of resected volume (43).  A problem we 

have found with evaluating accuracy based on resected volume is, that it could potentially show 

an adequate resected volume even though it is resected in the wrong location, especially in the 

fluoroscopically guided group.  

Brunner et al. studied the concept of computer assisted surgery for cam-type FAI in 2009 (39). 

At that time they did not find a significant difference between computer-aided or standard 

arthroscopy. However, one of the major weaknesses of the software they used did not allow 

surgical planning or highlighting of the area which needed to be removed. It only showed the 

position of the burr in relation to the femur (39). In this study our software was able of doing 

so. Another difference in the fluoroscopically guided group can be noted : the surgeon had 

access to the preoperative plan for orientation and mental planning of the resection, which may 

have led to the better than expected results in this group.  

A significant difference in alpha angle measurements between the two arms was only found at 

the 12 o’clock position. Postoperative alpha angle measurements are all significantly better than 

preoperative, showing this a successful technique for treating cam-type FAI. Although one 

could argue that a lower alpha angle not necessarily equals a more accurate resection, but an 

overresection. This argument can be rebutted by verifying the obtained postoperative 12’o clock 

alpha angle : 45° and 60.4° for the navigated and control cases respectively. Since a normal, 

impingement-free alpha angle has been determined as 43°,  the obtained postoperative angles 
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of the navigated as well as the control group are not indicative of overresection (44). Although 

the mean 12’o clock alpha angle in the control group is suggestive for underresection. 

Radiation exposure in the computer-assisted group was significantly higher (33%). This was 

due to a longer 3D fluoroscopy time for matching the patients anatomy to the preoperative CT, 

since no further fluoroscopic guidance is needed during resection. Using 2D registration instead 

of 3D might be a solution for this problem.  

Installation time is found to be 47% longer in the computer-assisted group, as we could have 

expected. Installing the patient for the navigated procedure is more complicated. During 

installation time, the patient is under narcosis, what could lead to more complications. 

Installation time could decline if more experience were to be gained for this procedure. No 

significant difference has been observed in terms of surgical time, thus meaning that the total 

OR occupancy is longer in the navigated group with a possibility to become even if the surgeon 

and the OR staff gets more accustomed to the procedure .  

It is stated that 80-90% of the revision hip arthroscopies was the result of bony impingement 

(cfr supra, 2. Introduction). It is important to know that other patients with an identical bony 

lesion postoperative can be asymptomatic and that the cause of the persisting or recurrent pain 

is the result of adhesions, labral defects, capsular incompetence, etc. 

Ross et al. have found that the surgical approach for FAI provides an amelioration of the 

symptoms and results in short-term outcome scores that score good-excellent(1). This agrees 

with our findings that there is an increase in ROM in both arms. However, we did not score 

pain or the NAHS. 

Griffin et al. are conducting a randomized controlled trial (RCT) of arthroscopic surgery versus 

conservative care for FAI (FASHIoN-trial). Results are yet to be released (45, 46). 

No evaluation of functional outcome was measured in this study. All measurements are made 

on 3D reconstructions based on MRI and CT scans. There were no patient questionnaires used 

meaning we don’t have results about patient satisfaction and percentages of pain/symptom-free 

patients. As for now, no long-term follow-up results are available yet. Larger sampled studies 

are needed to address this and to evaluate this.   
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7. Conclusion 

Navigated cam resection, as well as the fluoroscopic guided cam resection are both good 

techniques for treating cam-type femoroacetabular impingement. There is a significant 

difference in the alpha angle measured at the 12 o’clock position, meaning resection is 

performed more accurate at that position with navigated resection. Drawbacks for the navigated 

technique are increased OR occupancy and higher radiation exposure.   
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Attachments 

Attachment 1: Nederlandse samenvatting 

Inleiding: Arthroscopische osteochrondroplastie voor ‘femoroacetabulaire inklemming’ (FAI) 

wordt steeds populairder en daarmee stijgt ook stilaan het aantal revisies in de heup-sparende 

chirurgie. Recente studies hebben het percentage revisies bepaald als zijnde rond de 5%. 

Residuele benige inklemming  is bij 80% daarvoor de hoofdoorzaak. Bij geïsoleerde pincer 

inklemming is er sprake van een residuele benige FAI bij een percentage dat tot 60% van de 

gevallen loopt. Omdat een volledige resectie noodzakelijk is om goede functionele resultaten 

te bekomen, introduceren wij een computer geassisteerde controle van de resectie tijdens de 

arthroscopische FAI-chirurgie. 

Het doel van dit onderzoek was het vergelijken van nauwkeurigheid van de cam resectie in 

genavigeerde chirurgie met de conventionele fluoroscopie-geleide chirurgie. Ten tweede 

evalueerden we ook het gesimuleerde bewegingsbereik in beide groepen. 

Methodologie: Prospectief werden 29 mannelijke cam-type FAI patiënten gerekruteerd voor 

een arthroscopische cam osteochondroplastie. Deze werden door middel van computer-

gebaseerde geblokte randomisatie verdeeld over twee groepen. 14 patiënten ondergingen 

conventionele, fluoroscopisch geleide chirurgie en 15 patiënten ondergingen genavigeerde 

chirurgie. Preoperatief werd er van elke patiënt een CT-scan genomen voor alfa-hoekmetingen, 

de simulatie van het bewegingsbereik en het maken van een 3D chirurgisch resectie plan. In de 

genavigeerde groep werd dit preoperatief plan voor de operatie gekoppeld aan de patiënt door 

middel van een registratie procedure met fluoroscopie. Tijdens de genavigeerde arthroscopie 

werd een probe gebruikt om de resectie te verifiëren. 12 weken na de operatie ondergingen alle 

patiënten een MRI-scan om de kinematica- en resectie-resultaten na te gaan met gebruik van de 

‘clockwise’ alfa hoeken. 

Resultaten: Er werd een significant verschil gevonden tussen beide groepen op de 12-uurs alfa 

hoek positie (p<0,05). Er werden geen significante verschillen gevonden op de 1, 2 en 3-uurs 

alfa-hoekposities tussen beide groepen. Andere significante verschillend die geobserveerd zijn, 

zijn de volgende : een langere fluoroscopie-tijd en daarmee een grotere bestralingsdosis in de 

genavigeerde groep. Bij deze groep is er ook een significant langere installatie-tijd 

waargenomen. 



 
 

Conclusie: Onvolledige resectie van een cam laesie gebeurt vooral ter hoogte van het lateraal 

deel van de laesie, maar het algemene risico voor onvolledige resectie is significant kleiner in 

de computer-geassisteerde groep.  

  



 

 
 

 


