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Abstract 
Introduction: The indication of acetabular osteotomies has varied over time. Over the past few years, Ganz’s studies gave 
momentum back to these techniques. We carried out a comparative study between triple osteotomy and periacetabular 
osteotomy to evaluate biomechanics results. 
Materials and Methods: We evaluated 12 cases with triple osteotomy and 12 cases with periacetabular osteotomy, as-
sessing the displacement of the head rotation center towards the side and the front, the percentage of lateral and anterior 
coverage of the femoral head, and the acetabular angles of inclination and anteversion. All data were compared to that of 
the healthy contralateral hip.   
Results: In triple osteotomy, we verified head rotation center’s lateral displacement of +2.9 mm and anterior displacement 
of +2.47 mm as compared with the contralateral hip. In periacetabular osteotomy, lateralization was +7.6 mm and antepul-
sion, +6.67 mm. The average percentage of head coverage was lateral= 89% and anterior= 99.4% with triple osteotomy, 
and 88% and 80%, respectively, with periacetabular ostetomy. The acetabular angles of orientation were 39.4º-inclination 
and 27.1º-anteversion with triple osteotomy, and 45.5º- and 23.11º-, respectively, with periacetabular ostetomy. 
Conclusions: We verified that keeping the bone bridge between the ilium and ischium bones limits rotations so as to 
provide the femoral head with anterior coverage, and takes the head rotation center towards the front; we prefer triple 
osteotomy when the lack of anterior femoral head coverage is significant. 

Key words: Osteotomy; Ganz; triple; hip; dysplasia.
Level of evidence: IV

Osteotomías de reorientación acetabular. Estudio comparativo entre osteotomía triple 
y osteotomía periacetabular

Resumen
Introducción: La indicación de las osteotomías acetabulares ha variado con el tiempo. En los últimos años con los traba-
jos de Ganz volvió el auge por estas técnicas. Se realizó un estudio comparativo entre la triple osteotomía y la osteotomía 
periacetabular para evaluar los resultados biomecánicos.
Materiales y Métodos: Se evaluaron 12 casos con triple osteotomía y 12 casos con osteotomía periacetabular midiendo 
el desplazamiento del centro de rotación cefálico hacia lateral y anterior, el porcentaje de cabeza femoral cubierta, lateral 
y anterior, y los ángulos de inclinación y anteversión acetabular. Todos los datos fueron comparados con la cadera con-
tralateral sin patología.
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Resultados: En la triple osteotomía, se comprobó un desplazamiento lateral de +2,9 mm y uno anterior de +2,47 mm del 
centro de rotación cefálico con respecto a la cadera contralateral. En la osteotomía periacetabular, la lateralización fue 
de +7,6 mm y la antepulsión, de +6,67 mm. El porcentaje promedio de cabeza femoral cubierta fue del 89% lateral y del 
99,4% anterior con la triple osteotomía, y del 88% y 80%, respectivamente, con la osteotomía periacetabular. Los ángulos 
de orientación acetabular fueron de 39,4º de inclinación y 27,1º de anteversión con el primer procedimiento y de 45,5º y 
23,11º, respectivamente, con el segundo.
Conclusiones: Se comprobó que la conservación del puente óseo entre el ilíaco y el isquion limita la rotación para dar 
cobertura anterior y desplaza el centro de rotación cefálico hacia adelante; se prefiere la triple osteotomía cuando la falta 
de cobertura anterior de la cabeza femoral es importante.

Palabras clave: Osteotomía; Ganz; triple; cadera; displasia.
Nivel de Evidencia: IV

Introduction 

Hip pain in young adults (<45 years old) represents a 
problem difficult to solve. It is most frequently caused by 
biomechanics, congruence, inflammation and vascular-
ization reasons; literature reports that 50%-70% of pros-
thetic replacements at this age follow the sequela of two 
specific conditions:  hip dysplasia1 and Perthes disease. 

In young adults, prosthetic joint replacement is not a 
definite solution; bibliography reports high mid- and 
long-term failure rates, what is essentially caused by two 
reasons: the first one is that life expectancy is long, and 
the second one is that a <50-year old patient’s lifestyle 
and activity levels imply greater joint friction, material 
wear and early failure. Let’s remember that, on average, a 
65-year old patient takes his or her hip to 1,500,000 cycles 
per year, whereas a 45 year-old patient takes it to 3,500,00 
cycles.

new bearing surfaces (ceramic, crosslink, metal, etc.), 
prosthetic designs and materials suggest that replacements 
duration will improve, but patient’s average survival rates 
are also on the increase. 

Reconstruction or joint rescue surgeries were carried 
out as procedures of choice in the 1950s and the 1960s 
(pre-prosthetic age);2,3 later on, the arrival of prosthetic 
replacements led surgeons to abandon these techniques. 
nowadays, (following Ganz’s publications), different 
surgical centers worldwide have started to indicate these 
types of surgeries for selected patients as alternative to 
joint replacement. This work deals with the techniques 
of acetabular reorientation looking comparatively for ad-
vantages and disadvantages of the triple technique with 
respect to the Ganz’s periacetabular technique. These pro-
cedures have to be followed as early as possible in life, 
so as to re-establish hip anatomy with cure, prevention or 
rescue criteria.

Biomechanics basis 
In the treatment of hip biomechanics disorders, there 

are basic concepts that should be taken into account: 

1) Coverage 
2) Concentricity 
3) Congruence 
4) balance of forces 

1) Coverage: total coverage of the femoral head implies 
greater surface for joint pressure bearing; therefore, it im-
plies a decrease in pressure by surface unit, what leads 
to lesser overloading and joint suffering. This is one of 
the goals of the treatment—the coverage of the femoral 
head. Let’s remember that while walking, a person’s hip 
bears such pressure that is equivalent to threefold his or 
her weight. 

Dysplasia or lack of femoral head coverage is typically 
assessed in anterior-posterior X-ray (external de-cover-
age); this behavior underestimates or does not consider 
the anterior lack of femoral head coverage, which can be 
more serious than the other one; therefore, axial studies 
are highly important. 

2) Concentricity: the hip is a ball-and-socket type joint; 
therefore, it has a concentric rotation center in both the 
acetabular and the femoral components. Joint concentric-
ity means that there is neither bone sub-luxation nor dis-
location; there is neither lateral displacement nor rise of 
the head rotation center with respect to the acetabular cup. 

3) Congruency: in hip sequela disorders (dysplasia, 
Perthes disease,4 epiphysiolysis, septic arthritis sequela), 
there can be acetabular deformities.5 The younger the pa-
tient, the greater the re-modeling potential of the joint for 
future congruence; we should consider the different types 
of dysplasia as stated by Tönnis: 1, concentric dysplasia; 
2, 1-2-cm rise dysplasia; 3, double acetabular cup; 4, in-
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congruence. It is important to know if joint surfaces are 
congruent, because this allows us reorientation of joint 
components in pursuit of restoration of normal anatomy 
and keep the hyaline cartilage as support surface, what is 
ideal. These are the ideal techniques (Salter, triple oste-
otomy, three-tangential, Ganz’s). 

All authors are currently focusing on the study of joint 
congruency before surgery decision-making, and use 
functional tests routinely to estimate joint congruence re-
sults after carrying out the osteotomy of choice. 

4) Balance of forces: the pressure that joint surfaces 
bear are directly proportional to body weight and the dis-
tance between the body middle line and the femoral head 
rotation center (medial lever arm). This force should be 
balanced against the force of lateral gluteal muscles and 
their relationship with the lateral lever arm. This makes 
hip sub-luxation increase the medial lever arm and, there-
fore, it also increases joint pressure and greater compen-
sation by lateral gluteal muscle is asked for.6 The aim of 
the treatment is to reduce joint pressure (decreasing the 
medial lever arm) and leave a balanced hip (in forces) so 
as to avoid claudicating or Trendelenburg’s. 

Pre-operative evaluation 
At the time of performing surgical planning, it is es-

sential to pinpoint the main joint defect because this tells 
us what component to act upon. There are four possible 
defects: 

-  Femoral predominance: coxa vara or coxa valga; 
short neck; risen greater trochanter 

-  Acetabular predominance: hip dysplasia; double ac-
etabular cup. 

- Mixed predominance: both components are altered or 
they have suffered mutual adaptation over time.

- Complementary defect: it is that which shows in the 
pre-operative planning for the surgical treatment of 
the initial predominance; for example, roof insuffi-
ciency secondary to valgus osteotomy.

Data for surgical planning 
There are key data for adequate surgical planning. In 

1989, Zancolli et al.7 published a thorough description of 
the topic (Table 1).

Table 1. Summary of pre-operative planning 

Data Study

Acetabular component’s

Angle of anteversion CT scan8

 True lateral hip X-ray9

Angle of inclination10 Panoramic anterior-posterior X-ray11,12

Congruence CT scan (transverse, coronal and sagittal sections)

 Anterior-posterior X-ray

 Center test

Acetabular cup diameter  Anterior-posterior X-ray (Mose’s rule)

Femoral component’s

Angle of inclination Internal rotation anterior-posterior X-ray

Angle of anteversion True lateral hip X-ray13,14

 Ryder-Crane’s X-ray15

 CT scan

Congruence Anterior-posterior and lateral X-ray (Mose’s rule) 

 Center test, abduction-adduction

 CT scan 

Joint surfaces relationship’s 

Anterior head de-coverage True lateral hip X-ray

 Fake lateral hip X-ray 

 CT scan16,17

Lateral head de-coverage  Panoramic anterior-posterior X-ray 

Medial lever arm Panoramic anterior-posterior X-ray 

Lateral lever arm Panoramic anterior-posterior X-ray 

Head rotation center displacement Panoramic anterior-posterior X-ray 

 CT scan
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Basic indications for acetabular cup osteotomies 
Symptomatic hips. There is temptation or a tendency to 

carry out joint reconstruction osteotomies in asymptomat-
ic hips; this is subject to debate. Actually, it is not possible 
to affirm that a hip that has undergone osteotomy will get 
joint replacement later in life than one that has not. More-
over, it cannot be affirmed either that, by osteotomy, we 
are making an asymptomatic hip a symptomatic one.18 

If a hip shows symptoms, surgical treatment aimed at 
an asymptomatic hip is justified, what is gotten in 90-95% 
of the cases. 

80% mobility. It is worth remembering that this type 
of surgeries competes with joint prosthetic replacement; 
nowadays, it cannot be tolerated that a hip, even though it 
does not show symptoms, is limited in mobility function. 
It is not frequent that a hip that shows limited mobility 
gains range of motion (ROM) once it has been subject 
to acetabular cup osteotomy; however, it is so that it re-
mains painless but with the same ROM as previously to 
the surgery. 

Age <40/45 years old.19 In an AnCHOR group’s mul-
ticenter study,20,21 they summoned 87 hips in 70 patients, 
aged 43.6 years old on average (ranging from 40 to 51), 
with average follow-up of 4.9 years (ranging from 2 to 
13), and they got a rate of conversion to prosthesis of 24%. 
In the same sample, at the time of classifying patients by 
their osteoarthritis degree using the Tönnis’ classification, 
they found that 12% of the grades 0 and 1 osteoarthri-
tis had been converted to prosthesis, whereas, in grade 2, 
27% suffered a hip replacement. 

Biomechanics/congruence disorders. This type of treat-
ment is founded on the presence of biomechanics or con-
gruence disorders that can be correlated with the patient’s 
symptoms; after studying such defects thoroughly so as to 
carry out surgical planning22 and choose appropriate tech-
niques, we can give the patient our indication. To sum up, 
there has to be a defect that can be corrected or compen-
sated by surgery.

Grade of osteoarthritis. We use the Tönnis’ classifica-
tion of hip osteoarthritis.

Grade 0: no osteoarthritis 
Grade 1: progressive sclerosis of hip head and acetabu-

lar cup; mild joint space narrowing; minimal osteophyte  
Grade 2: small cysts in hip acetabular cup or head; 

greater joint space narrowing; beginning of incongruence
Grade 3: significant cysts in hip head or acetabular cup; 

great joint space narrowing; erosion; incongruence; ne-
crosis

Acetabular cup osteotomies are indicated in Tönnis’s 
grades 0 or 1, especially if the surgery consists of reorien-
tation of hyaline cartilage; in more advanced grades, rates 
and good results decrease significantly. Rescue osteoto-
mies that interpose fiber-cartilage tissue can be carried out 
up to Tönnis’ grade 2, with acceptable results.

Acetabular cup osteotomy 
After studying the hip and making sure that the predom-

inant defect is mainly acetabular, this component has to be 
treated looking for greater femoral head coverage. 

As it has already been stated, acetabular cup osteoto-
mies can be divided into three large groups: 

•  Acetabular cup reorientation techniques. The most 
widely used are: 
- Salter’s osteotomy23 (modified by Kalamichi)
- Double osteotomy (Sutherland25 and Zancolli)
- Triple osteotomy (Steel, Le Couer,26-28 Tönnis, Hopf, 

Zancolli) 29,30

- Ganz’s osteotomy
- Wagner’s osteotomy 31,32 

•  Techniques of reduction of the acetabular cup diam-
eter. These are the ones that have the triradiate carti-
lage as roof rotation and descent reference: 
- Dega’s osteotomy (modified by San Diego) 33,34

- Pemberton’s osteotomy35

•  Roof augmentation techniques. These are the ones 
that leave the joint capsule interposed for it to under-
go metaplasia to fiber-cartilage tissue:
- Roof plastic surgery (Stahely) 36

- Chiari’s osteotomy 37-44 

What follows is a description of the most important 
techniques, with advantages, disadvantages and indica-
tions: 

Basic concepts in acetabular cup osteotomies 
At the time of carrying out pre-operative planning, there 

are some items that should be taken into account:
1) That all pelvic osteotomies are aimed at giving con-

tainment (coverage) to the femoral head, i.e. larger sur-
faces for pressure transmission and lower pressure by 
surface unit

2) That the other biomechanics effect it can have is on 
the medial lever arm, reducing it. As we know, the pres-
sure load that the body bears equals body weight by the 
medial lever arm; by reducing the latter, intra-articular 
pressure decreases. 

3) That it is preferable to use hyaline cartilage than fi-
ber-cartilage (Chiari’s rescue osteotomy) 45-51 as joint sup-
port surface, but this depends on the original condition 
and the degree of de-coverage and congruence,

4) That, many times, acetabular cup osteotomies should 
be associated with femoral osteotomies so as to restore 
desired joint biomechanics. 

Techniques of hyaline cartilage reorientation, rotating 
the acetabular cup to coverage positions, are the ideal 
ones. The most widely used techniques are: a) iliac triple 
osteotomy, which has evolved with different descriptions 
or modifications (Le Coeur, Steel, Hopf, Tönnis, Zancolli, 
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etc.) and b) Ganz’s periacetabular osteotomy. both have 
great coverage power, and there is great controversy over 
the comparison between the two of them. Further down 
we describe their advantages and disadvantage.

Materials and Methods 

Our experience with tripe osteotomy involves 74 cases 
aged 21 years old on average (ranging from 9 to 36) and 
with average follow-up of 14 years and 3 months (ranging 
from 6 months to 31 years). There were five conversions 
to prosthesis; in X-ray assessment we found seven cases 
of non-union in the ilium-ischium bone, and four in the 
ilium-pubic bone, all of which were asymptomatic.  

Our experience with the Ganz’s periacetabular tech-
nique, since 2005 up to now, consists of 44 cases operated 
on who averaged 24 years old. We verified four cases of 
non-union in the ilium-pubic bone, none in the ilium-is-
chium bone, one conversion to prosthesis in a case of in-
congruence, and one symptomatic patient with associated 
coxa valga waiting for varum osteotomy.

Re-orientation techniques for the acetabular cup 
Ilium triple osteotomy 

This osteotomy was described by numerous authors,52, 

53 and, among us, by Dr. Zancolli.54 It is founded on the 
osteotomy of the three bones that join the acetabular cup 
with the pelvis (ilium, ischium, pubic bones) taking ac-
etabular rotation to a normal anatomic position (Figure 
1). These techniques differ in surgical approach and oste-
otomy level. In our cases, we used a sole reduced anterior 
approach (Figure 2).55

The advantages of this osteotomy are:

- great power for mobilization of the acetabular frag-
ment or head coverage,

- it does not alter biomechanics, nor does it displace the 
femoral head rotation center,56

- it is not an easy technique, but it is associated with 
lower complications rates than techniques which are 
similar or similarly indicated,

- it is feasible in patients with open triradiate carti-
lage.57

Figure 1. Technique for triple osteotomy, 
anterior view of the hip. 1. The lower limb 
is taken to functional position (both limbs 
parallel). 2. It shows how the acetabular 
fragment rotates together with the femur, 
keeping femoral head coverage. 3. The 
superior-medial angle of the acetabular 
fragment is left in contact with the ilium, 
what causes hip descent; if that is not 
the desired effect, such angle should be 
osteotomized parallel to the ilium.

Figure 2. Twenty three-year old female with right 
hip pain. A. Anterior-posterior X-ray. It shows 
a dysplastic and concentric hip with acetabular 
suffering and Tonnis’ grade 1osteoarthritis. 
B. Tridimensional reconstruction that shows 
anterior de-coverage. C. Triple osteotomy rotated 
so as to give total head coverage; note that the angle 
of the acetabular fragment was re-osteotomized. 
D. nine years later: bone healing with non-union 
of ilium-ischium bone and no symptoms. 

A

C D

B
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Among associated complications, we can mention: 

- lack of bone healing of the ilium-ischium bone or the 
ilium-pubic bone, but with no evident symptoms,58

-  neuropraxia of femoral cutaneous nerve

This type of osteotomies are indicated in symptomatic 
hips with mild or serious dysplasia, grades 1 or 2 (congru-
ent and with loss of concentricity <1cm) with no remark-
able signs of osteoarthritis and mobile (80% mobility or 
more). Due to all these patients’ requirements, it is not 
frequently performed. As we can see in Table 2, mid-term 
results vary between 70% and 96% of good results.59

Ganz’s peri-acetabular osteotomy 
The principle is the same as that of the ilium triple os-

teotomy—to leave the acetabular cup totally free from its 
links with the ilium, ischium and pubic bones (Figure 3). 
Modifications consist of carrying out the osteotomy leav-
ing a linking posterior bone bridge between the ilium and 
the ischium bones (Figure 4). 60-62

Indications are the same as those for triple osteotomy, 
and results are similar too. As associated advantages we 
can mention: 

-  it leaves a 1.5-2-cm posterior bone bridge linking the 
proximal with the distal pelvis, 

-  the acetabular fragment is left totally free with neither 
muscular nor ligament attachments (sacrospinous lig-
ament); it can be freely rotated. 

Table 2. Mid-term results with ilium triple osteotomy

Author Cases Follow-up Results

Tönnis52 (1994) adults 138  7.7 years 82%

Faciszewski57 (1993) 56 7 years 94%

Kleuver (1990) 51 4 years 70%

Koolijman (1990) 51 10 years 96%

Figure 3. Ganz’s technique 1. Osteotomy of the 
anterior half of the ilium-ischium bone was carried 
out (intrapelvic view) using the same approach 
as in triple osteotomy. 2. Osteotomy of ilium-pubic 
bone (intrapelvic view). 3. With a 45º-angle chisel 
osteotomy of ilium bone is carried out from ilium 
osteotomy up to ischium osteotomy. 

Figure 4. Ganz’s technique. nineteen-year old patient 
with symptomatic left hip. A. Anterior-posterior 
X-ray showing acetabular dysplasia, congruent, 
with no signs of osteoarthritis. B. Tridimensional 
reconstruction of the same hip. C. 5-year old 
osteotomy that shows improvement in acetabular 
index and head coverage. 

A

C

B
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Disadvantages are:

- it is a technique more demanding than tripe osteoto-
my,

- the learning curve is long because this is an infre-
quent disorder,63

- it is associated with high complication rates (joint 
penetration of the chisel, osteonecrosis of the acetab-
ular fragment, etc.).64

Table 3 shows results published by some authors who 
are proficient in the technique;65 as we can see, results are 
similar to those ones published in triple osteotomy: they 
vary between mid-term 73% and 97%. In acetabular oste-
otomies for reorientation of the hyaline cartilage, both tri-
ple and periacetabular osteotomies, the aims are the same:

- To reduce the medial lever arm (approximately to the 
contralateral one).

- To avoid anterior displacement of the femoral head 
rotation center.

- To get total lateral coverage of the femoral head.
- To get total anterior coverage of the femoral head.
- To take the acetabular angle of inclination to normal 

(45º).
- To take the acetabular angle of anteversion to normal 

(20ª).

Results

We ruled out the fist 20 candidates in the series (learn-
ing curve); among the remaining subjects we chose ran-
domly 12 cases for each technique and we studied them 
with panoramic anterior-posterior and true lateral hip X-
rays, and transversal, coronal and sagittal CT scan sec-
tions. The techniques used were: 

Panoramic anterior-posterior hip X-ray: with 10º-me-
dially rotated, parallel lower limbs. Focus on pubic sym-
physis; pelvic antepulsion or retropulsion would distort 
results, especially the acetabular angle of inclination and 
head coverage.

True lateral hip X-ray:66 with 90º-bent hip and knee in 
contralateral limb and focused limb in functional position; 
X-ray plate under hypochondrium being studied, parallel 
to de floor (on the table); the X-ray beam is directed to the 
patient’s inguinal area being studied (groin) to evaluate 
with a beam angle (with respect to the line that links both 
ASISs) which equals the acetabular angle of inclination 
evaluated in the anterior-posterior X-ray. 

CT scan: transverse, coronal and sagittal sections. 
Evaluation of femoral anteversion with femoral neck and 
both condyles overlapped. Tridimensional reconstruction 
is useful but not essential for pre-operative planning. In 
such studies, we collected specifically the following data:

Methodology for data acquisition 
- Lateral displacement of femoral head rotation 

center (Figure 5), which we evaluated in the panoramic 
anterior-posterior X-ray drawing a pelvic vertical line 
linking the spine of the first sacral vertebra and a middle 
landmark on the pubic symphysis; then we established the 
pelvic vertical line distance to the bilateral femoral head 
rotation center (medial lever arm).  

Table 3. Mid-term results with Ganz’s osteotomy 

Author Cases Follow-up Results

Ganz (1999)  75 11.3 years 73%

Kralj (2005) 26 7-15 years 85%

Trousdale (1995) 42 4 years 80%

Pogliacomi (2005) 36 4 years 97%

Figure 5. CT scan, coronal section, projection 
of the body middle line, comparative evaluation 
of both lever arms; assessment of the acetabular 
angle of inclination. Lateral displacement +2.9 mm 
in triple osteotomy and +7.6 mm in periacetabular 
osteotomy.
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In transverse and coronal CT scan sections we evalu-
ated the same parameters. On the transverse section we 
drew an anterior-posterior line linking a sacral middle 
landmark with the aforementioned pubic middle land-
mark, and then we established the distance between the 
head rotation center and such line (medial lever arm). 

These features are pointed out in the hip operated on 
and in the contralateral one; we determined the difference 
between both hips in the series of 12 hips with triple oste-
otomy and we verified an average lateral displacement of 
2.9 cm in the hip operated on as compared to the contra-
lateal hip; extremes were 8-mm medialization vs. 13-mm 
lateralization (coxa magna).

With (Ganz’s) periacetabular osteotomy, also carried 
out in 12 cases, we verified an average lateral displace-
ment from the head rotation center (medial lever arm) of 
7.6 mm with respect to the contralateral hip; extremes 
were 0-mm medialization vs. 14-mm lateralization (coxa 
magna). 

- Anterior displacement of femoral head rotation 
center (Figure 6), which we evaluated on transverse CT 
sections drawing the pelvic horizontal line that goes by 
the anterior edge of the sacrum at S2 level; then, we 
established the distance from such line to the head ro-
tation center (femoral head antepulsion) (medial lever 
arm). 

These features are pointed out in the hip operated on 
and in the contralateral one; we established the difference 
between both hips in the series of 12 hips with triple os-
teotomy and we verified an average anterior displacement 
of 2.47 mm in the hip operated on as compared with the 
contralateral hip; extremes were 4-mm retropulsion vs. 
14-mm antepulsion (coxa magna). 

- Lateral head coverage (Figure 7), which we evalu-
ated in the panoramic anterior-posterior X-ray drawing 
the pelvic horizontal line by the pelvic teardrop. Then, we 
drew three lines normal to the former—one by the head 
medial edge, another one by the lateral acetabular edge, 

and the third one by the head lateral edge, and then we 
measured the head width and the width of head coverage 
and, this way, we established the coverage percentage of 
the femoral head (Heiman and Herson). 67,68

In the 12 cases that were assessed, average coverage 
was 99.5% in the femoral head with triple osteotomy 
(only in one case it was 95%) and 85% with periacetabu-
lar osteotomy, with minimal extreme of 70%. 

- Anterior head coverage (Figure 7), which we also 
evaluated as coverage percentage of the femoral head and 
the same way as we describe for lateral coverage, but this 
time in true lateral X-ray and sagittal CT scan sections. 

Average head coverage was 89% with triple osteotomy 
(only one case showed 70%) and 88% with periacetabular 
osteotomy; minimal extreme of 80%. 

- Acetabular angle of inclination (Figure 5), which 
we evaluated in the panoramic anterior-posterior X-ray,69 

drawing the pelvic horizontal line by the pelvic teardrop. 
Then, we drew a line linking the lateral acetabular edge 
and the lowest border of the teardrop. We measured the 
angle between both lines; the average angle of inclination 
was 39.4º (with extremes of 35º and 45º) with the triple 
osteotomy, and 45.5º (with extremes of 60º and 40º) with 
periacetabular osteotomy. 

- Acetabular angle of anteversion (Figure 6), which 
we evaluated drawing the horizontal pelvic line on the ac-
etabular transverse section that goes by the anterior edge 
of the sacrum at S2 level; then, we draw a line linking the 
anterior and posterior edges of the acetabular cup right 
in the middle of it. between both lines there is an angle 
which is the acetabular angle of anteversion. In the true 
lateral X-ray, we measured such angle between the hori-
zontal X-ray line and the line that links both acetabular 
edges (the anterior and posterior edges). 

The average angle of anteversion was 27.1º (with ex-
tremes of 20º and 45º) with triple osteotomy, and 23.1º 
(with extremes of 50º and 10º) with periacetabular oste-
otomy.

Figure 6. Transverse CT section, projection 
of the body horizontal line (anterior sacral line), 
comparative evaluation of antepulsion of the head 
rotation center; triple osteotomy +2.47 mm, 
peri-acetabular osteotomy +6.67 mm; evaluation of 
the acetabular angle of anteversion: triple osteotomy 
27.1º, periacetabular osteotomy 23.11º. 

Figure 7. Evaluation of the percentage of head 
coverage. Lateral coverage (left), anterior 
coverage (right). A= head diameter, b= acetabular 
coverage. The equation b/A x 100 equals the 
percentage of coverage. Anterior coverage: 
89% (triple osteotomy), 88% (Ganz’s); lateral 
coverage: 99,4% and 80%, respectively. 
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Discussion 

The surgical approach is similar for both techniques 
(10-12-cm inguinal approach). With both techniques we 
implemented the same rehabilitation program. Triple 
osteotomy is associated with higher ischium non-union 
rates, whereas peri-acetabular osteotomy poses the risk of 
joint penetration. 

Comparison between both techniques shows better 
restoration of the head rotation center back to normal 
with the use of the modified triple technique rather than 
the periacetabular osteotomy technique. Table 4 shows 
that periacetabular osteotomy takes the head rotation 
center, on average, 5 mm towards the side and 5 mm 
towards the front more than the triple osteotomy, what 
means that the diagonal addition of the femoral head ro-
tation center is displaced 12 mm; let’s remember that 
Chiari reports 15-mm displacement as increasing joint 
pressure 20%.70,72

In our study, head coverage with periacetabular oste-
otomy is 19% smaller than with triple osteotomy on the 
anterior-posterior plane, whereas it is 9% smaller on the 
lateral plane. This implies a smaller loading surface. The 
increase in joint pressure (greater medial lever arm) plus 
a smaller loading surface (poorer femoral head coverage) 
results in greater loading by surface unit. 

In our hands, the remains of the bone bridge linking the 
ilium and the ischium limits the rotation of the acetabular 
fragment towards the front, in cases of serious dysplasia 
with lack of anterior coverage of the femoral head. by 
getting good anterior coverage, the contact between the 
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