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Abstract

Purpose Advancement of the greater trochanter alters the

function of the gluteus medius muscle. However, with the

exception of clinical studies and biomechanical lever arm

studies, no publications that analyze the consequences of

advancement of the greater trochanter on the muscle

function exist. The aim of the study was to analyze the

mechanical changes of gluteus medius after osteotomy of

the greater trochanter in a lab setting.

Methods An anatomical study of origin and insertion of

the gluteus medius was carried out on four hips. Based on

the dissections, a string model was developed dividing the

muscle into five sectors. Changes in muscle fiber length

were measured for every 10� of flexion, internal and ex-

ternal rotation and abduction with the trochanter in ana-

tomic, proximalized and distalized positions.

Results Distalization of the trochanter leads to an im-

balance of muscle action, moving the isometric sector of

the muscle anteriorly with more muscle sectors being ac-

tive during flexion and less during extension. Stretching of

the muscle increases passive forces but decreases the force

generation capacity of the muscle and at the same time

increased muscle fiber excursion may require more energy

consumption, which may explain earlier fatigue of the

abductor musculature after distalization of the trochanter.

For abduction, distalization of the muscle attachment leads

to a change in contraction pattern from isometric to iso-

tonic. Optimal balancing and excursion of the muscle is

when the tip of the greater trochanter is at level with the hip

rotation center.

Conclusions In hips with high riding trochanter, the op-

timal position is at the level of the center of hip rotation.

Excessive distalization should be avoided. As the conclu-

sions and considerations are based on a lab setting, transfer

to clinical practice may not necessarily apply.

Keywords Abductor function � Osteotomy greater

trochanter � Muscle function � Hip

Introduction

Advancement of the greater trochanter alters mechanics

and function of the gluteus medius muscle and is recom-

mended to improve abductor function for pediatric and

adolescent hip pathologies, including Perthes’ disease,

coxa vara, and slipped femoral capital epiphysis [13, 17]. It

yields satisfactory results with improved abductor strength

in the majority of cases [1, 15, 17, 18, 24]. With the

popularization of joint preserving surgery of the hip by

means of a trochanteric flip approach [6, 11], distal ad-

vancement of the greater trochanter is recommended as an

adjunct to treat femoro-acetabular impingement in certain

pathologies [1, 12, 16]. Some biomechanical studies focus

on the theoretical advantage of the change to the lever arms

[10, 15, 24], but the effect of the changes in muscle fiber

length and of the transposition of the trochanter on function

of the gluteus medius muscle has not yet been investigated.

According to the current knowledge, an extensile literature
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research did not reveal any publications on the biome-

chanics of the gluteus medius muscle after transposition of

the greater trochanter.

The motivation for this study was our clinical observa-

tion that, contrary to our expectations, patients with dis-

talization of the greater trochanter often complained of pain

and fatigue in the abductor musculature, which could not

be explained with current knowledge. We therefore sought

to quantify the change in the biomechanics of the gluteus

medius muscle after transposition of the osteotomized

greater trochanter, and to identify factors that may explain

the fatigue of the abductor musculature after advancement.

Materials and methods

In order to verify current knowledge of origin and insertion

of the gluteus medius, its anatomy was studied in four hips

in three fresh bodies. The age was between 60 and 80 years

of age and none of them had previous surgery around the

hip. At dissection, the hips looked normal, without signs of

deformity or joint degeneration. Based on the anatomical

findings, a string model was developed that allowed to

record the change of the muscle fiber length during motion

as was described previously [2].

For dissection, the bodies were placed in a lateral de-

cubitus position. A longitudinal incision was made from

the iliac crest to the mid-thigh, and the skin and subcuta-

neous tissue dissected off the fascia covering the abductor

musculature. The fascia over the gluteus maximus and

gluteus medius was incised in the interval between the two

muscles and the gluteus maximus was separated from the

gluteus medius and detached from the ilium. Anteriorly,

the tensor fascia latae muscle was identified and separated

from the gluteus medius together with the iliotibial band.

The remaining fascia was then removed, except the part

adherent to the gluteus medius muscle, the size and shape

of which was recorded. The gluteus medius was subse-

quently dissected off the gluteus minimus and the bony

origin was recorded alongside the insertion on the greater

trochanter.

Based on the anatomic findings, a string model of the

gluteus medius was developed [2], using synthetic bones

(Sawbones�) of a right hemipelvis and a right proximal

femur, its size corresponding approximately to a standard

sized human (Fig. 1). The hemipelvis was fixed with

screws to a board. Because the rough surface of the femoral

head did not allow smooth movement, a total hip prosthesis

was implanted to allow reproducible motion of the hip

joint. There were no soft tissues to be balanced. The shaft

of the prosthesis was implanted such that the tip of the

greater trochanter was at the level of the center of rotation,

where it has been reported to be in the normal hip [23].

The muscle area was divided into five sectors, sector 1

being most anterior and sector 5 most posterior. Each

sector of the muscle was represented by a 2-mm thick cord,

which was firmly fixed to its insertion on the greater tro-

chanter and directed through pulleys at the center of the

origin of each sector. The cords were then further routed to

a scale, where the excursion of each cord was measured

independently. Millimeter paper on the surface of the board

was used as a scale unit. The ends were fixed to an elastic

band to maintain tension.

A gravity inclinometer (goniometer) was fixed to the

distal femur. Rotation and abduction/adduction was di-

rectly measured with the inclinometer. For flexion/exten-

sion the gravity inclinometer was used to control rotation

and an additional goniometer to measure flexion. Mea-

surement in each direction began with the hip in neutral

position. Before the first run, the cords were calibrated at a

neutral position of 0� flexion, 0� abduction, and 0� rotation,
from where all measurements began. Measurements were

taken in 10� increments from 20� extension to 90� flexion.
Additional measurements were performed in 10� incre-

ments from 20� abduction to 20� adduction, and from 20�
internal rotation to 20� external rotation. Three measure-

ments were taken for each movement and an average was

calculated. The greater trochanter was then osteotomized

and reattached with two screws. Measurements were re-

peated with the trochanter reattached in a 1 cm proximal-

ized and 1 cm distalized position. The starting points of the

measurements were calibrated before transposition in order

to obtain absolute values for each movement for the

repositioned trochanter, including lengthening or shorten-

ing in the new position. Later, for comparison of the

graphs, the values at the neutral positions were calculated

to zero. Muscle excursions for the advanced trochanter

were measured and presented as a percentage of the ori-

ginal length of the muscle sectors. The intraobserver kappa

value of the measurements was calculated with the accu-

racy of measurement set at 1 mm.

Changing the position of the trochanter in relation to the

center of rotation also changes the lever arm in the sagittal

plane. To measure this change, the insertions of sectors one,

three and five were marked with 3-mm colored pinheads.

The length of the lever arm was measured for the normal,

distalized, and proximalized trochanters, and compared for

0�, 30�, and 60� of flexion. To measure a calibrated pho-

tograph was taken at each position. Keeping the center of

rotation at an identical position, the three photographs were

superimposed digitally and the change of lever arms was

measured in relation to an axis through the center of rota-

tion. To represent the fan-shaped orientation of the muscle

fibers, the axis for the central muscle fibers (sector 3) was

perpendicular, the axis for the posterior sector 5 inclined

20� posteriorly and for sector 1 20� anteriorly.
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Results

Anatomical dissection

The gluteus medius is a strong fan-shaped muscle with a

bony and fascial origin. Both origins are wedge-shaped,

with the base of the bony origin posterior and the base of

the fascial origin anterior. The combination of the two

origins results in an evenly sized area throughout the entire

width of the muscle (Fig. 2a, b). From both origins, the

fibers merge into a central tendon that is longer and better

visible posteriorly. The most anterior fibers insert directly

onto the greater trochanter. The insertion on the greater

trochanter starts at the posterosuperior facet and continues

obliquely down the lateral facet, ending at the lateral bor-

der of the anterior facet. Muscle fiber length was ap-

proximately 10 cm in all parts of the muscle.

Simulated hip flexion

The data of the averaged absolute measurements are given

in Table 1. Table 2 shows the values calculated to 0 at the

neutral position. During flexion of the hip, the two anterior

sectors shorten, the length of the central sector remains

isometric and the two posterior sectors lengthen (Fig. 3a).

The excursions of the anterior and posterior sectors are

balanced around the central sector. Transfer of the greater

trochanter in either direction disturbs the balance. After

distalization of the trochanter, the isometric sector moves

anteriorly (Fig. 3b) resulting in less active muscle sectors

for flexion but more for extension. After proximalization of

the trochanter, the opposite phenomenon is observed

(Fig. 3c).

There is not only an imbalance in active muscle sectors,

but also a change in the excursion itself. Transposition of

the greater trochanter had the greatest effect on the muscle

fibers of sector 1. Distalization of the trochanter led to an

increase of muscle excursion of 13 % at 70� (Table 3). At

90� of flexion, the muscle excursion increased 45 %.

Proximalization of the trochanter led to a decrease in

muscle excursion of 72 % at 90� of flexion. In sector 3,

proximalization of the trochanter caused inversion and

shortening of the excursion and in sector 5, the excursion

increased by 13 % at 70� and 32 % at 90� of flexion.
During walking, the hip moves from about 30� of flex-

ion at heel strike to 10� of extension at toe lift. During this,

sectors 4 and 5 are active and shorten by 8.3 and 12.3 mm,

respectively. With the distalized trochanter, the excursion

for sector 4 was 10 mm, and for sector 5 was 14.3 mm. The

increase in excursion was 20 % for sector 4 and 16 % for

sector 5. The increase would be higher for climbing stairs,

where hip flexion may reach 70� and active extension of

Fig. 1 Schematic of the string model
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the hip from 70� to 0� is necessary. The excursion for

sectors 4 and 5—the most active muscle sectors when

extending a flexed hip—increased in sector 4 by 27 % for

the proximalized and 24 % for the distalized trochanter but

in sector 5, it decreased by 3 % for the proximalized and

increased by 17 % for the distalized trochanter.

Simulated hip abduction/adduction

The excursion for abduction of up to 20� was the same

for the three anterior sectors (-12, -13, and -13 mm).

The two posterior sectors showed less excursion (-8.5

and -6.5 mm). Proximalization of the trochanter led to

an increase in excursion of 23–25 % for the 3 anterior

sectors, and of 53–70 % for the posterior sectors.

Distalization caused an increase of excursion of 67–70 %

for the anterior 3 sectors and 100–115 % for the 2 pos-

terior sectors.

Simulated hip rotation

The excursions of the sectors were divergent for all sectors

(Fig. 4). Starting from the neutral position, only the fibers

of sector 1 shortened during internal rotation. During ex-

ternal rotation, the three posterior sectors shortened. In-

terestingly, sector 2 elongated during internal and external

rotation. The course of the sectors was not influenced by

the position of the trochanter, and remained unchanged

except for the starting position on the vertical axis.

Change of lever arm

Transposition of the greater trochanter also affected the

lever arms in the sagittal plane (Fig. 5a–c; Table 4). The

lever for sector 1 increased on average by 69 % for all

three positions for the distalized trochanter and decreased

by 35 % for the proximalized trochanter.

Fig. 2 a Area of origin of the gluteus medius muscle. The bony

origin (asterisks) from the iliac wing is shown, with the base of the

wedge being posteriorly. GT greater trochanter, Gmin M. gluteus

minimus (fatty degeneration). b The fascial origin (circles) of the

muscle with the base of the wedge lying anterior. The combination of

the two origins results in an even area of origin from anterior to

posterior. GT greater trochanter, Gmed M. gluteus medius

Table 1 Absolute values of the muscle excursion of sector 1–5 in mm, for flexion from -20� to 90� with the trochanter at its anatomic (N),

proximalized (P), and distalized (D) position

Flexion S1 S2 S3 S4 S5

N P D N P D N P D N P D N P D

-20.0 4.0 -5.0 16.0 1.0 -8.0 12.0 -1.0 -10.0 9.0 -3.7 -13.0 6.0 -4.7 -13.0 4.0

-10.0 3.0 -6.0 14.0 0.7 -8.0 12.3 -1.0 -9.0 10.0 -3.0 -11.0 9.0 -4.0 -12.0 7.7

0.0 0.0 -8.0 12.3 0.0 -8.0 12.3 0.0 -9.0 12.0 0.0 -10.0 12.0 0.0 -10.0 11.0

10.0 -2.7 -10.0 9.3 -0.3 -9.0 12.3 1.0 -9.0 13.3 2.3 -9.0 15.0 3.3 -8.0 15.0

20.0 -6.3 -11.0 5.7 -1.7 -9.0 12.0 1.0 -8.0 15.0 4.0 -7.0 17.7 6.3 -6.0 18.7

30.0 -11.0 -12.0 2.0 -4.0 -9.0 10.7 0.7 -8.0 14.7 5.3 -5.0 19.0 8.3 -3.0 22.0

40.0 -14.3 -13.0 -2.3 -5.3 -8.0 8.7 0.0 -6.0 14.7 7.0 -2.0 20.7 11.0 0.0 23.3

50.0 -17.3 -14.0 -7.0 -7.3 -8.0 6.0 -0.3 -4.0 14.0 7.7 1.7 21.0 13.3 3.3 26.0

60.0 -21.3 -15.0 -11.0 -10.0 -7.0 3.0 -1.7 -3.0 13.0 8.3 3.0 22.3 14.3 7.0 27.7

70.0 -24.3 -16.0 -15.3 -12.0 -7.0 0.7 -2.7 -2.0 11.7 9.3 7.0 22.0 17.7 10.0 29.0

80.0 -24.0 -14.0 -19.0 -13.0 -6.0 -3.0 -3.0 1.0 10.7 10.3 10.0 22.7 17.7 13.0 30.0

90.0 -24.3 -15.0 -23.0 -13.7 -5.3 -6.3 -3.0 1.0 8.7 12.0 12.0 22.0 19.7 16.0 30.0
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For sector 5, distalization lead to a decrease of the lever

by approximately 10 %, and the lever arm inverted and

moved to the other side of the action line at 60� of flexion.
Proximalization led to an average increase of the lever arm

by 31 % at all 3� of flexion.
For the central sector, distalization led to an increase of

lever arm (190 %) and to high excursion of the insertion.

Proximalization did not change the lever arms significantly,

while the excursion of the insertion decreased.

Intraobserver variability

The kappa value for intraobserver reliability was 0.70,

which is good.

Discussion

Our anatomical dissections revealed that the gluteus med-

ius originates from both the iliac wing and a strong fascia

overlying the gluteus medius. The muscle fibers from both

origins converge and blend into a central tendon. The

fascial origin of gluteus medius was described previously

and named fascia glutea [19]. In addition, the presence of

the two origins has been described previously [25] but in

more recent anatomical descriptions the fascial origin often

is omitted [3, 20]. A recent study again looked in detail at

the anatomy of gluteus medius and again described the

origin form the gluteal fascia [8]. Looking at the bony

origin alone, which commonly is done, one would con-

clude that the posterior part of gluteus medius is much

stronger than the anterior part. However, considering the

fascial origin, the muscle has an even area of origin from

posterior to anterior (Fig. 2a, b). The strength generated by

the muscle therefore should not differ substantially be-

tween the various sectors used for this study. Furthermore,

from a clinical point of view, all parts are equally impor-

tant. The division of gluteus medius into five sectors fol-

lows previous descriptions [8]. The presence of the central

tendon also explains the shape of the posterior border,

where it appears as if there was an additional muscle belly.

This is, in reality, the medial part of the muscle that arises

from the iliac wing and blends into the central tendon,

which is corroborated by the recent study of Flack et al. [8].

Distal advancement of the greater trochanter was

originally recommended to increase the stability of a total

hip replacement [5, 7, 14] and is currently used to improve

abductor function for pediatric hip pathologies [13, 17] and

as an adjunct in the treatment of femoro-acetabular

impingement in certain pathologies [1, 12, 16]. However, it

was questioned whether the advancement improved muscle

function by increasing tension in the muscle and placing

the muscle in a more advantageous position of the length-

tension curve [22].

From the current study, we conclude that the optimal

position of the greater trochanter, with regard to muscle

excursion of the various sectors and lever arms, is with the

tip of the greater trochanter at the level of the center of

rotation of the femoral head. This is supported by radio-

graphic and clinical studies [15, 23]. At this position, the

excursions of the five muscle sectors are symmetrically

balanced around the central isometric sector (sector 3) for

motion in the sagittal plane. During flexion, the two ante-

rior sectors shorten and the two posterior sectors lengthen.

This means that the anterior part of gluteus medius is active

during flexion, and the posterior part is active during

Table 2 Values of the muscle excursion normalized to the 0 position of sector 1–5 in mm, for flexion from -20� to 90� with the trochanter at its
anatomic (N), proximalized (P), and distalized (D) position

Flexion S1 S2 S3 S4 S5

N P D N P D N P D N P D N P D

-20.0 4.0 3.0 3.7 1.0 0.0 -0.3 -1.0 -1.0 -3.0 -3.7 -13.0 -6.0 -4.7 -3.0 -7.0

-10.0 3.0 2.0 1.7 0.7 0.0 0.0 -1.0 0.0 -2.0 -3.0 -1.0 -3.0 -4.0 -2.0 -3.3

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10.0 -2.7 -2.0 -3.0 -0.3 -1.0 -1.6 1.0 0.0 1.3 2.3 1.0 3.0 3.3 2.0 4.0

20.0 -6.3 -3.0 -6.6 -1.7 -1.0 -0.3 1.0 0.0 3.0 4.0 3.0 5.7 6.3 4.0 7.7

30.0 -11.0 -4.0 -10.3 -4.0 -1.0 -1.6 0.7 1.0 2.7 5.3 5.0 7.0 8.3 7.0 11.0

40.0 -14.3 -5.0 -14.6 -5.3 0.0 -3.6 0.0 3.0 2.7 7.0 8.0 8.7 11.0 10.0 12.3

50.0 -17.3 -6.0 -19.3 -7.3 0.0 -6.3 -0.3 5.0 2.0 7.7 11.7 9.0 13.3 13.3 15.0

60.0 -21.3 -7.0 -23.3 -10.0 1.0 -9.3 -1.7 6.0 1.0 8.3 13.0 10.3 14.3 17.0 16.7

70.0 -24.3 -8.0 -27.6 -12.0 1.0 -11.6 -2.7 7.0 -0.3 9.3 17.0 10.0 17.7 20.0 18.0

80.0 -24.0 -6.0 -31.3 -13.0 20. -15.3 -3.0 10.0 -1.3 10.3 20.0 10.7 17.7 23.0 19.0

90.0 -24.3 -7.0 -35.3 -13.7 2.7 -18.6 -3.0 10.0 -3.3 12.0 22.0 10.0 19.7 26.0 19.0
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Fig. 3 a Overview of the

muscle fiber excursion of sector

1–5 with the anatomically

positioned trochanter. Negative

values on the y axis correspond

to shortening of the muscle

sector. b Overview of the

muscle fibers excursion of

sector 1–5 with the trochanter

distalized by 1 cm. c Overview

of the muscle fibers excursion of

sector 1–5 with the trochanter

proximalized by 1 cm
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extension from the flexed position, i.e. during stair climb-

ing or while getting up from a chair. In addition, the

movement of the insertion in the sagittal plane is least at

this position.

By transferring the greater trochanter, this balance is

disturbed. In particular, the distalization of the greater

trochanter results that only the most anterior part of the

muscle (sector 1) will shorten during flexion. The isometric

sectors move anteriorly, and the central sector is, func-

tionally, added to the posterior sectors. Theoretically, this

increases strength for climbing stairs or getting up from a

chair but it is most likely neutralized by the 69 % decrease

in the lever arm of the posterior sectors. Distalization of the

trochanter not only changes the balance between active and

passive muscle sectors but also changes the amount of

excursion of the muscle fibers. Distalization of the greater

trochanter by 10 mm will also lead to a 10 % increase in

the muscle fiber length of the gluteus medius. It has been

shown that a 10 % increase of sarcomere length from

resting length will lead to a decrease in tension generation

by approximately 5 % [4]. Theoretically this can be

compensated by an increase of the sarcomeres. Increase of

serial sarcomere numbers was observed in an animal model

after muscle lengthening [9] but in humans, the increase

did not restore muscle mechanics in the stretched forearm

muscles with loss of muscle force [21]. Maximum tetanic

tension was significantly reduced. Applied to the abductor

muscles this could indicate that distalization of the greater

trochanter with stretching of gluteus medius would in-

crease passive tension but also a significant loss of muscle

strength.

Proximalization of the greater trochanter has a different

impact on function. The isometric muscle area moves an-

teriorly, leading to an imbalance in favor of the posterior

muscle sectors. For extension, more sectors are recruited

which together with the 30 % increase of the lever arm for

extension leads to an increase of strength for extension, at

the expense for flexion strength (less active muscle sectors,

40 % shorter anterior lever arm). Overall, extension

strength (from 30� and 60� flexion to extension) was im-

proved substantially with proximalization of the trochanter.

This is rather surprising, because the general believe was

that proximalization of the trochanter always lead to

weakening of the hip abductors which is probably true for

level walking but not for climbing stairs.

For isolated abduction, both distalization and

proximalization result in longer excursions. Therefore, a

shift from isometric to isotonic muscle action is observed,

which indicated longer muscular contraction and relax-

ation, which in turn causes more muscular work. This

could explain earlier fatigue of the abductor muscles during

walking. Although isolated abduction is rare and is most

often combined with variable amounts of flexion, these

findings indicate that the work and force needed to walk

Table 3 Change of muscle excursion in percent at 70� and 90� of hip
flexion for the proximalized (P) and distalized (D) trochanter for

sectors 1, 3 and 5

Hip flexion (�) S1 S3 S5

P D P D P D

70 -68 ?13 ?360 -89 ?13 ?1

90 -72 ?45 ?433 ?10 ?32 -4

A negative value indicates decrease and a positive value increase of

excursion. In sector 3, the excursions are small (isometric sector),

therefore already small changes lead to high values

Fig. 4 Excursion of the muscle

fibers for rotation. Positive

values on the x axis correspond

to internal and negative values

to external rotation
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increase substantially, more for the distalized than for the

proximalized trochanter, and may explain fatigue and

subsequent pain in the trochanter area.

The string model has been used previously and was

validated in a cadaver-based model [2]. Nevertheless, there

are several limitations related to the use of a string model.

First, strings represent only parts of the muscle. We at-

tempted to route each string in the center of each sector

and, while this does not necessary represent the action of

the peripheral fibers of a sector, it gives an average of the

function of a sector. In order to keep the system simple, we

restricted the model to five sectors. Only passive excur-

sions of the muscle fibers were measured. Shortening was

attributed to contraction, and elongation was ascribed to

the ability to resist a movement. However, we do not know

how and when the different parts of the muscle are acti-

vated, if muscle sectors are counterbalancing or supporting

each other. Unfortunately, this currently is the only way to

get this information, as it is impossible to perform a study

examining active muscle contraction at this anatomic level

in vivo.

Another limitation is that we did not assess lateralization

of the trochanter in this study, although it has been reported

that lateralization is the more important component of any

bFig. 5 a Position of insertion of sector 5 (red), sector 3 (green), and

sector 1 (yellow) at 0�, 30�, and 60� of hip flexion with the trochanter

at the anatomic position. Black point center of rotation of femoral

head. b Position of insertion of sector 5 (red), sector 3 (green), and

sector 1 (yellow) at 0�, 30�, and 70� of hip flexion with the trochanter

at the distalized position. Compared to a, the distance between the

insertions is increased. Black point center of rotation of femoral head.

c Position of insertion of sector 5 (red), sector 3 (green), and sector 1

(yellow) at 0�, 30�, and 70� of hip flexion with the trochanter at the

proximalized position. Compared to a, the distance between the

insertions is decreased. Black point center of rotation of femoral head

Table 4 Comparison of lever arms of sectors 1, 3, and 5 in 0�, 30�,
and 60� of flexion for normal (N), proximalized (P), and distalized

(D) trochanters

Anatomic

(mm)

Distalized

(mm)

Proximalized

(mm)

Sector 1

0� 16 24 (?50 %) 11 (-32 %)

30� 24 37 (?42 %) 15 (-32 %)

60� 26 43 (?65 %) 15 (-42 %)

Sector 3

0� -7 -3 (-58 %) -7

30� 3 13 (?433 %) -4a

60� 13 28 (?215 %) 3 (-77 %)

Sector 5

0� -25 -27 (?8 %) -22 (-12 %)

30� -20 -15 (-25 %) -23 (?15 %)

60� -9 3a -17 (?90 %)

Negative values indicate position posterior to the center of rotation.

The axis of action was inclined 20� posteriorly for sector 5, 0� for the
central sector 3 and 20� anteriorly for sector 1
a Inversion of lever arm to the opposite function (extension to flexion)
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reconstruction [15, 24]. Whether this is the case has been

debated in the literature [17], but we did not expect major

alterations of muscle mechanics. From a theoretical point

of view, lateralization should not affect the balance of

muscle excursion but increases the lever arm for abduction

movements. In addition, the study was conducted on hips

assuming normal anatomy. While the principal mechanical

impact may also be applied to the diseased hip, it only can

be speculated whether is applies also to situations with

pathological soft tissues (atrophy, contractures, etc.).

In addition, it must be pointed out that the conclusions

and considerations are based on an experimental lab setting

and transfer to clinical practice may not necessarily apply.

Overall, both proximal and distal advancement of the

greater trochanter have an impact on muscle balance, with

transfer of the isometric muscle sector posteriorly and an-

teriorly, respectively. This dysbalance, together with un-

favorable change of lever arm, loss of strength due to

stretching (distalization) and shortening (proximalization)

of the muscle and increased need of energy due to longer

contraction amplitudes, may explain earlier fatiguing of the

abductor musculature. Optimal balancing and excursion of

the muscle is when the tip of the greater trochanter is at

level with the hip rotation center. In hips with high riding

trochanter, excessive distalization should be avoided.
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