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BRIEF CONCEPT OF HIP PRESERVATION
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Restoration of the anatomy of the hip joint and biomechanics across it, carry the immense importance to prevent
future osteoarthritis of the joint. The aim of this review is to provide the brief concept of the methods to preserve the
hip, especially in young adults.

Attempts to preserve the hips start with the intense preoperative planning of the corrective procedure.
Different parameters regarding the femur and acetabulum in all 3 dimensions need to be assessed. Especially,
measurement of the anteversion of the femur and acetabulum is a significant step to avoid osteoarthritis.
In addition, the suprapelvic and infrapelvic (spine and lower limb lengths) alignment needs to be considered
in the planning.

Correction of the femoral side of the hip needs the understanding of the blood supply of the proximal femur
which carries the risk of avascular necrosis more so with intracapsular osteotomies. Acetabular reorientation,
to re-distribute the forces over the weight bearing part, can be carried out with re-directional osteotomy
such as periacetabular osteotomy. It needs the understanding of the acetabular anatomy and the force
distribution in it.

To conclude, correction of both femoral and acetabular side parameters need to be considered in decision making
depending on the alterations due to various etiologies causing the hip disorders.
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KPATKMUN Ob30P METOAUK COXPAHEHUA
TASOBEAPEHHOI'O CYCTABA
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BoccranoBeHne aHaToMuUn Ta300€pEHHOrO CyCTaBa 1 €ro OMOMEXaHNUKY VMeeT OTPOMHOE 3HadeHIe ISl IPefoTBpa-
IeHNsT Pa3BUTUS OCTeoapTposa B OymyiieM. llenpio maHHOrO 0630pa OBUIO PACCMOTpPEHME METONUK, MCIIOMb3YeMbIX
IJIs1 COXpaHeHUs Ta306eIpeHHOr0 CyCcTaBa, 0COGEHHO Y MOOMBIX JIIOfEIL.

[TombITKM cOXpaHeHNUs Ta300eqpeHHOr0 CycTaBa JO/DKHBI HAYMHATHCS C TUIATENBHOTO IPefONepaIIOHHOrO [IaHNpPO-
BaHMsI KOppeKTupymoleil npouenypsl. CraefyeT MPOBeCTY OLEHKY PasIMYHbIX IapaMeTpPOB, KacAIOLIMXCs GenpeHHOI
KOCTY M BEPT/IYXKHOII BIIAIMHBI, BO BCeX TpeX M3MepeHMAX. Pacuer yria aHTeBepcyun GeIpeHHON KOCTU U BEPTIY KHOI
BIIAJIVHBI — BAXHBII LIar Ha IIyTM NpefOTBpalleHNs ocTeoaprposa. KpoMme TOro, npu IIaHMpOBaHUY HEOOXOAUMO
YYUTBIBATb BBIPABHUBAHIE OPraHOB HAJ, U MHOJ Ta300efpEeHHBIM CYCTaBOM (IIO3BOHOYHUK, [/IMHA HIDKHUX KOHEY-
HOCTEIT).

[Tpu xoppexuuy 6efpeHHOl KOCTH BaXKHO ITOHMMATb 0COOEHHOCTI KPOBOCHAMKEHNMS ee IIPOKCUMAIbHOTO OT/eNa, [o-
CKOJIBKY OH Haubosee TOABEP)KEH PUCKY ACENTHMYECKOr0 HeKpo3sa IIpU IPOBENEeHUY MHTPAKAICY/IAPHON OCTEOTOMUIL.
[TepeopueHTal Vsl BEPTIYXXKHOI BIIAAVMHBL C LIEJIBIO IlepepaciipefiefieHyiss Harpy3Ku B CyCTaBe MOXKeT IIPOBOJUTHCS IPU
mepuaneTady/sIpHOI ocTeoTOMNUM. B aHHOM Ciydae HeOOXOAVMMO XOpolllee 3HAHVE AHATOMUM BEPT/IY)KHOI BIIAJVHBI
U pacrpefeneHys CUIbl B Heil.
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B sakmouenune cnefyeT OTMETUTD, YTO IPU NPUHATUN PEIIEHNA H€O6XO}II/IMO paccMaTpmBaTh KOPPEKINIO KaK 6enpeH—
HOM KOCTU, TaK U BepT}Iy)KHOf;I BIIQAVHBI B 3aBUCUMOCTN OT TUIIA M3MEHEHMI U BBI3BABIINX UX IIpUYINH.

KnroueBbie croBa: MOJIOABIE B3POCIIbIE; ITAO; ocTeoToMus 6CHPCHHOI‘/'I KOCTH; OUCIIIA3NA TaSOGCHPeHHOI‘O CyCTaBa;

VMHJEKC HeCTaOMIbHOCTM.

Why Do Hips Fail?

Hip Joint is a ball and socket type of synovial
joint, which has been adapted for bipedal motion
having a very complex combination of forces
acting on it in different phases of the gait cycle
[1, 2]. Any anatomical or mechanical deficiency
in the proximal femur and acetabulum lead to
altered biomechanics, fatigue, pain and eventually
osteoarthritis [2]. It is worth remembering that
the aim of corrective intervention is to attain soft
tissue biomechanical balance, in other words, get
the bone and musculo-ligamentous structures
to optimal length and function so that there are
physiological forces passing through the hip during
ambulation. The hip joint is a couple and modern
methods of hip reconstruction recommend to
simultaneously correct the deformities the femur
and the acetabulum to the optimal level.

The sum of the femoral anteversion and
acetabular anteversion is called the version of the
hip [3]. This was first described by McKibbin and
then stressed by Tonnis, for its importance in the
optimal transverse biomechanical realignment
of the hip [3, 4]. This sum, normally, should be
between 20 to 50 degrees. Lower than 20 degrees is
considered to be a low McKibbin instability index
hip (retroverted) and higher than 50 degrees is
considered to be a high instability index (anteverted)
hip. Tonnis et al. showed that retroverted hips were
more likely to get osteoarthritis (OA) [4].

Altered lower limb alignment in the coronal and
sagittal planes can have implications overloading
of other joints of the lower limb. Therefore it is
prudent to understand the lower limb alignment
the before any major osteotomy is done on the hip.
Similarly, scoliosis, kyphosis, fixed suprapelvic and
infrapelvic tilt will lead to abnormal biomechanics,
as will limb length discrepancy [5, 6].

Hips can fail due to

Acetabular dysplasia

Femero-acetabular Impingement (FAI)
Excessive retroversion or anteversion of the hip
Incongruency of the hip

==

5. Altered proximal femur anatomy, viz. short neck
high trochanter and coxa magna

Trauma

Inflammatory Arthropathy

Avascular Necrosis

Skeletal Dysplasia viz. Epiphyseal Dysplasias,
Mucopolysaccharidosis etc.

10. Infection

0 ® N

Proximal femoral intracapsular
and extracapsular osteotomy

A deformed or a crooked femur may have an apex
of deformity in an oblique plane, which manifests
the maximum magnitude of the deformity [5-7].
Also, with translation, rotation, and angulation,
the apex of the deformity will be at a different
level [6]. It is most important, wherever possible,
to perform an osteotomy at the biomechanical apex
of the deformity. Therefore pre-operative planning
with clinical examination and radiological imaging
is mandatory to understand the magnitude and
direction of the deformity [5, 6, 8].

Femoral osteotomy can be intracapsular and
extracapsular [5, 9, 10].

Examples of intracapsular osteotomies are
 true femoral neck lengthening osteotomy;

« femur head reduction osteotomy;

« transcervical femoral neck lengthening osteo-
tomy;

o Dunn’s and Modified Dunn’s osteotomy.

Intracapsular (transcervical and subcapital)
femoral neck osteotomies can address severe
deformities seen in slipped upper femoral epiphysis
(SUFE), proximal femoral growth arrests and
avascular necrosis [5, 10, 11]. The risk of avascular
necrosis of the femoral head with intracapsular
osteotomies have has been significantly reduced
by Ganz’s safe surgical dislocation technique
which is based on the detailed understanding of
the blood supply of the femoral head [10, 11].
Circular anastomosis formed by branches from
medial circumflex femoral and lateral circumflex
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femoral arteries from near the base of the femoral
neck gives rise to ascending retinacular arteries
that traverse the femoral neck and then at the
subcapital area they form another incomplete
arterial anastomosis, (the ring of Chung) [12, 13].
The lateral cervical artery at the femoral head-neck
junction is most vulnerable to trauma or stress. This
supplies the lateral and anterior part of the femoral
head. Therefore AVN most often affects this part
of the femoral head [13]. The dissection in surgical
dislocation should extend from the below the lesser
trochanter [9]. It is important to free the sleeve
of periosteum all around the femoral neck so that
the sleeve is attached to the femoral head and free
around the neck all around to allow osteotomy of
the femoral neck [2, 9]. Though an adult femoral
head has got an intra-osseous and retinacular blood
supply, this is not the case in children due to the
barrier of the growth plate. Therefore, in the latter,
the only predominant blood supply is from the
retinaculum [14]. The ligamentum teres provides
negligible blood supply. Therefore, children are
more susceptible to AVN as seen in SUFE, Perthes,
and iatrogenic DDH [9, 14].

There are several intertrochanteric/pertrochan-
teric osteotomies, such as [5, 15-17]:
 varus/valgus/derotation;

« Morscher’s osteotomy;

o Wagner osteotomys;

» Southwick’s osteotomy;

« femoral shortening/lengthening, extension/
flexion.

These osteotomies can be done at pertrochanteric/
intertrochanteric level. The advantage is that it is
less likely to cause AVN, but does lead to secondary
deformities, which can be difficult years later for
total hip replacement (THR) [18]. A normal neck
shaft angle should be restored. If the hip station is

high, excessive varus should be avoided. Although
the literature is replete with varus osteotomies
for Perthes, it tends to create the secondary
intertrochanteric deformities. One needs to shorten
the femur rather than do excessive angular change.
The length lost in so doing can be gained by doing
an acetabular osteotomy if further femoral coverage
is needed (Fig. 1).

Pelvic osteotomy

Single cut osteotomies such as Salters’s or
Pemberton’s are recommended for children and not
for young adults due to limited mobility of symphysis
pubis and triradiate cartilage respectively [19].
Sutherland’s (1977) double osteotomy had an
addition of a pubic osteotomy to a Salter osteotomy
to obtain correction [20]. Pubic osteotomy
with aim of medial displacement was placed
medial to the obturator foramen in the interval
between the pubic tubercle and the symphysis
pubis [20].

Triple pelvic osteotomies potentially provide
3-dimensional correction of acetabular orientation
to restore the anatomy. Steel described triple
osteotomy of innominate bone in 1973 for older
children in which the ischium, superior pubic
ramus, and ileum superior to the acetabulum were
divided. In this type, the acetabular fragment is
quite big and has the attached soft tissues, especially
the sacropelvic ligaments which limit the amount of
correction [21]. Tonnis described the results of his
modification of the triple pelvic osteotomy in young
adults even with open triradiate cartilage which
provides better acetabular coverage of the femoral
head and particularly the translation movement
in all 3 planes [22]. The procedure differs from
other triple innominate bone techniques mainly

Fig. 1. The preoperative image of an adolescent patient with right hip coxa breva and elliptical femoral head (a);
the postoperative radiograph following neck length osteotomy with the improved anatomy of the femur head and neck (b)

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 5.

Issue 4. 2017



LITERATURE REVIEW

77

Fig. 2. The hip radiographs of a patient with bilateral hip dysplasia: a — the periacetabular osteotomy of the right hip
carried out using the traditional approach; b — the false profile image of the left hip with anterior deficiency. Later on,
the left hip periacetabular osteotomy was carried out using the minimally invasive technique (¢ and d)

in the ischeal osteotomy; the cut is closer to the
acetabulum skipping the strong ligaments over
ischeal tuberosity allowing greater mobility for the
acetabular fragment [19, 22]. In contrast to above
osteotomies which are described for congruent hips,
incongruent hips need salvage or augmentation
procedures such as Chiari osteotomy and Shelf
procedures [19].

Periacetabular osteotomy

Periacetabular osteotomy has been used in
the management of residual acetabular dysplasia
to correct the coverage of the femoral head
and improve the weight-bearing surface of the
acetabulum [23]. Ideally, the acetabulum has to
be reoriented to decrease the slope of the weight
bearing sourcil to less than 11 degrees, and to
correct the anterior center-edge angle to 30 degrees.
By reorienting the acetabulum, the joint surface is
prevented from eccentric loading and more even

weight distribution will be achieved, reducing the
joint reaction forces [24].

PAO, in turn, will reduce the load per unit area
of the cartilage delaying the wear and tear of the
cartilage [24, 25]. At the same time studies have
been conducted which show that shifting the joint
center of rotation has little influence on the forces
across the joint in the superoinferior direction [25].
But there is a lot of change in the force when the
movement happens in the mediolateral direction.
It has been shown by Srakar et al. that lateral
shift of the joint center increases and medial shift
decreases, the joint reaction forces [25]. It has been
hence traditional to shift the fragment medially to
medialise the joint center of rotation to reduce the
reaction forces in the joint.

But in the actual clinical situation, the movement
takes place in all the three planes, and it varies
from patient to patient based on the individual
requirements. It becomes difficult to be sure how
much the joint center has been moved and how
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much will be the resultant forces across the joint
because of the newly positioned joint center,
as there is movement in the flexion/extension,
abduction/adduction, and internal/external rotation
planes.

With the increase in the need for periacetabular
osteotomy, we need to clearly identify the impact
of fragment positioning on the load distribution
across the cartilage surface. It has been shown that
10% of primary hip replacements are due to hip
dysplasia [26]. PAO can really reduce or delay this
primary hip replacement if we can have a better
understanding of the load distributed across the
joint surface per unit area which will determine the
cartilage wear across the joint [25, 27].

Currently available data suggest that finite
element analysis with an assessment of Von Mises
stress distribution is a possible way to assess the
force distribution across the joint surface [28].
It has been used for analysis of force distribution
across the acetabulum following two different PAO
methods by Tai et al. [29]. Discrete element analysis
or rigid body spring modeling technique had been
used by Chao et al. to calculate joint pressure and
ligament tension [30]. They found out that, patients
in whom the joint contact forces were increased
based on the simulated biomechanical modeling,
ended with a poor clinical outcome [30]. The
recommendations of this study include CT scan and
Gait Analysis preoperative planning to improve the
fragment positioning and get the best clinical result
(Fig. 2, a, b).

Minimally invasive peri-acetabular osteotomy
(MIS PAO). With the primary aim of reducing the
morbidity related to soft tissue injury and blood
loss in PAO, new minimally invasive PAO has been
devised [31, 32].

With an approach through 7-cm skin incision
across the anterior superior iliac spine and cutting
the inguinal ligament, sartorius muscle is split in
the direction of its fibers [33]. After retracting the
iliopsoas muscle and the medial part of the sartorius
medially, all three osteotomies can be performed
using liberal use of fluoroscopy in anteroposterior
and 45-degree oblique views [33]. MISPAO is
known to cause significantly less intraoperative
blood loss and postoperative haemoglobin reduc-
tion requiring transfusion [31]. With the similar
correction of center-edge and acetabular index

angles, MISPAO has a significantly shorter duration
of surgery and less number of moderate or severe
complications [31] (Fig. 2, ¢, d).
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