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Background: While recent clinical articles have reported a dramatic reduction in rates of total hip dislocation
after posterior transosseous repair, we are not aware of any published biomechanical data to support this find-
ing. The objectives of this study were to investigate the functional anatomy of the posterior transosseous repair
and its effect on stability after total hip replacement.

Methods: Six total hip prostheses were implanted into three fresh cadavera. Three different repair situations
(no repair, soft-tissue repair, and transosseous fixation) were then consecutively tested on each hip. Values for
torque resistance and the angular range of motion at dislocation were recorded. Each repair was tested twice,
yielding a total of thirty-six torque values and thirty-six angles of rotation.

Results: The transosseous repair was superior with regard to both torsion strength (four times stronger than that
after no repair [p = 0.0002] and more than twice as strong as that after soft-tissue repair [p = 0.002]) and the
magnitude of the angle of rotation observed prior to dislocation (an increase of 83% in comparison with that after
no repair [p = 0.0005] and an increase of 46% in comparison with that after soft-tissue repair [p = 0.004]).

Conclusions: In a cadaver model, posterior transosseous repair provides superior stability of a total hip re-
placement. Optimal surgical technique with a slightly modified approach allows greater retention of capsule and

tendon length and a more anatomical reinsertion of the soft tissues.

plication, and if possible it should be prevented rather

than treated'”. Its causes, which are multifactorial, in-
clude aspects of patient compliance, surgical technique, and im-
plant design**". Many authors have noted that the risk of
dislocation may be higher after the posterior approach to the
hip than it is after other approaches®”*'"'"*". However, many
surgeons prefer the posterior approach because of decreased
blood loss and operative time, excellent exposure, quick and
uneventful recovery, and a very low risk of heterotopic
ossification”". Furthermore, there is evidence that this ap-
proach may result in superior long-term survival of the
implant”. In an attempt to overcome the drawback of a higher
dislocation rate, several authors have recommended use of a
transosseous repair of the posterior capsulotendinous struc-
tures or fixation of an osteotomized part of the upper-inner
portion of the greater trochanter™'*'>", but we are not aware
of any biomechanical data to support these recommendations.

D islocation after total hip replacement is a serious com-

A tary is available with the electronic versions of this article,
@ on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our

subscription department, at 781-449-9780, to order the CD-ROM).

The specific goal of this study was to evaluate the func-
tional anatomy of the posterior stabilizing anatomical struc-
tures, to optimize the surgical technique of posterior tissue
repair, and to test it with regard to both torque resistance
and rotational stability.

Materials and Methods

hree fresh, unpreserved cadavera were used in this experi-

ment. Two of the three cadavera were stored at 3°C for a
maximum of one week before testing, and one was kept at
<0°C until testing. Six total hip prostheses were implanted in
the three cadavera. All components were cemented. A VerSys
femoral component (Zimmer, Warsaw, Indiana) and a Rich-
ards cup (Smith and Nephew Richards, Memphis, Tennessee)
with a wall that was elevated 10° were used.

Anatomical Considerations

The posterior stabilizing hip structures comprise two major
capsuloligamentous structures (the orbicular ligament and
the ischiofemoral ligament) and four muscles (the piriformis,
the obturator internus-gemelli complex, the obturator exter-
nus, and the quadratus femoris).
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The piriformis tendon has a distinct insertion at the
anterosuperior tip of the greater trochanter. This insertion site
is in the same coronal plane as the center of the head of the fe-
mur (the center of rotation of the hip). As a consequence, the
piriformis musculotendinous unit maintains its length dur-
ing flexion and extension. The obturator internus muscle, the
ischiofemoral ligament, and the orbicular ligament have a
common fan-shaped insertion at the base of the greater tro-
chanter. Slight pretensioning of these structures occurs in flex-
ion, allowing for less internal rotation of the hip in flexion
than in extension.

At the intertrochanteric region, the bursa pectinea sepa-
rates the posterior aspect of the capsule from the femoral
neck, allowing the necessary sliding motion of the capsule
during flexion. The obturator externus and quadratus femo-
ris muscles have an attachment at the intertrochanteric ridge.

Because of their specific insertions, these strong capsulo-
tendinous structures are only minimally strained in the flexion-
extension arc.

Surgical Technique

A standard posterior approach was used with slight modifica-
tions. The cadaver was positioned in lateral decubitus with a
dual anterior pelvic support and a sacral support. With the
hip in 45° of flexion, a straight skin incision was centered over
the posterior third of the greater trochanter, with the proximal
part of the incision slightly longer than the distal part. The fas-
cia lata was incised in line with the femur, and the gluteus
maximus muscle was bluntly split along its fibers, in the line
of the skin incision. The piriformis tendon was dissected from
capsular fibers of the gluteus minimus muscle, and a retractor
was inserted deep to the gluteus minimus muscle, exposing
the insertion of the piriformis and the obturator internus
muscles.

Maximizing the length of the capsulotendinous flap:
While one cannot detach the piriformis tendon at its anterior
insertion onto the greater trochanter, maximum length can be
obtained by flexing the hip 90°. With this maneuver, the ante-
rior side of the greater trochanter moves backward into the
operative field. With the hip in this position, the capsule was
then cut at the level of the piriformis tendon from the neck of
the femur to the acetabulum, with the surgeon cutting
through the capsule and tendon in one layer. While the cap-
sule and muscle were reflected from the neck of the femur, the
hip was progressively brought back into extension and in-
ternal rotation. In this way, a capsulotendinous envelope of
maximum length was obtained, almost at the level of the ana-
tomical insertion. Another cut in the capsule was made at the
inferior pole, onto the transverse acetabular ligament. The
quadratus femoris muscle was cut as much as necessary for
adequate visualization, but its distal insertion onto the inter-
trochanteric ridge was left untouched. All other structures
were left intact, and no more releases were done.

After reaming of the acetabulum, a cemented Richards
cup with an outer diameter ranging from 49 to 55 mm was
implanted with the aid of a mechanical insertion guide, to
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achieve a position of 45° of abduction and 20° of anteversion.
The femoral canal was prepared, trial implants were inserted,
and the hip was reduced and then checked for limb length,
stability, and osseous impingement. The appropriate VerSys
stem (size 14 or 15, with a normal or extended offset) was im-
planted in 10° to 15° of anteversion. A femoral head of appro-
priate length (28 mm, with a 0 to +3.5-mm neck) was then
selected to achieve optimum soft-tissue tension.

Soft-tissue repair: The piriformis tendon was sutured
into the gluteus medius muscle, and the quadratus femoris
muscle was sutured into its base.

Transosseous repair: Four absorbable sutures (number-2
Vicryl; Ethicon, Johnson and Johnson, Somerville, New Jer-
sey) were placed through the posterior capsulotendinous en-
velope and through four drill-holes that had been made
through the greater trochanter. Two drill-holes were situated
proximally in an anteroposterior direction, and two were situ-
ated posteriorly in line with the longitudinal axis of the femur.
The sutures were passed through these drill-holes and tied to
each other (Fig. 1). This repair closed the posterior structures
almost anatomically.

Experimental Setup

The cadavera were positioned in lateral decubitus with the
lower limb in which the operation had been performed on
top. Both the hip and the knee were kept at 90° of flexion with
the limb horizontal and parallel to the table. A steel rod (10
mm in diameter) was drilled through the femoral condyles in

Fig. 1
Line drawing of the capsulotendinous flap and the position of the trans-

osseous drill-holes in a right hip. Left is proximal, right is distal, and
top is anterior. A retractor is placed underneath the gluteus medius and
minimus muscles. The proximal two sutures (dotted lines) are placed
through the piriformis tendon and the superior part of the capsule, and
they are passed through the proximal drill-holes, at the tip of the
greater trochanter, where the gluteus medius insertion is located. The
distal two sutures are placed through both capsule and tendon along
the capsulotendinous flap, and they are tied to each other through the
two distal drill-holes.
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Diagrams showing the torsion resistance versus rotation at the time of dislocation following soft-tissue repair (Fig. 2-A) and following transosseous

repair (Fig. 2-B) in the same hip.

a mediolateral direction. Both ends of the rod were fixed in a
clamp mounted on top of the operating table. The clamp was
free to rotate in a plane that coincided with the longitudinal
femoral axis. A custom-made, calibrated torsion load cell was
fastened between the bar and the clamp to measure the resis-
tance against dislocation. A potentiometer attached on top of
the clamp was used to measure the rotation angle.

Each hip was tested with the limb in a horizontal posi-
tion and the hip and knee in 90° of flexion; the femur was
slowly rotated internally while torsion resistance and the rota-
tion angle were continuously monitored. The measurement
was halted when dislocation was observed visually. Immedi-
ately after the measurement was made at the time of disloca-
tion, the hip joint was reduced and, without any repair of the
tissues, a second measurement was performed. These mea-
surements were carried out for each of the three repair scenar-
ios in each hip. The tests were always carried out in the same
sequence: first after no repair, then after the soft-tissue repair,
and finally after the transosseous repair.

During data processing, the moment due to the weight
of the leg was subtracted from the input of the torsion load
cell. The maximal torsion resistance and rotation angle were
then determined for each measurement. A standard analysis
of variance was used to compare the mean values for maxi-
mum resistance and rotation angle among the three tech-
niques and between the first and second dislocations.

Results

Following the total hip arthroplasty, the cadaver was radio-
graphed and the positions of the cups were analyzed. Cup

abduction ranged from 38° to 54° and anteversion, from 10°

to about 35° the majority of the cups showed less anteversion

radiographically than had been indicated with use of the in-
sertion guide.

A summary of all test results is presented in the Appen-
dix. The measurements made after the dislocation of the right
hip of one cadaver, after no repair, were lost as a result of a
computer problem, so that there were only ten results for this
technique, instead of twelve.

Figures 2-A and 2-B show a typical resistance versus rota-
tion curve obtained during the tests. At the start of the measure-
ments made after the soft-tissue repair and the transosseous
repair, there was already some resistance due to pretensioning of
these structures in flexion. The behavior of the system was non-
linear. The rotational stiffness gradually increased as the rota-
tion angle increased, when elements that had been slack at first
tightened and contributed to the torsion resistance. Small rip-
ples in the curves are due to tears and damage that occurred in
the soft tissues or sutures and led to transient reductions in re-
sistance before complete dislocation took place.

In Figures 3 and 4, the average torsion resistance and ro-
tation angle at dislocation are shown for each of the three repair
techniques. Analysis of variance revealed that the posterior
transosseous repair provided significantly greater torsion
strength and a larger rotation angle before dislocation than
did the techniques without repair or with only soft-tissue
repair. The transosseous repair resulted in torsion strength
that was, on average, four times greater than that measured
after no repair (p = 0.0002) and more than twice as great as
that measured after soft-tissue repair (p = 0.002).

There was a significant reduction in torsion resistance af-
ter the first dislocation following all three techniques, but the
reduction was largest after the posterior transosseous repair.
Nevertheless, the residual resistance remained greater than the
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Several modes of failure were seen during testing. In most
cases, there was gradual tearing and stretching of the ligamen-
tous structures without a clearly identifiable cause of failure. In
a minority of instances, we saw complete pull-out of either the

piriformis or the obturator internus muscle origin at the pelvis.
The inferior portion of the transosseous repair was always more
slack and more stretched than the more anatomical superior
portion. In one case, the inferior knot cut its way through the
bone. In another case, the knot itself did not hold and became
untied. We never identified a torn suture as a mode of failure.
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Discussion
From a mechanical viewpoint, a dislocation can be de-
scribed as a translation of the center of the head first per-
pendicular to the surface of the cup and then parallel to the
surface of the cup. Forces acting on the hip joint can either
act in favor of (a dislocating force) or against (a containment
force) dislocation. It is generally assumed that perpendicular
translation is caused by forces that cause rotation around a
fulcrum—the so-called impingement phenomenon. During
a range of motion, impingement may occur between sub-
optimally oriented components or between the femur and
adjacent bone or soft tissue. Once sufficient translation has
occurred, forces that normally contain the hip (e.g., the ab-
ductor force) now further dislocate the hip as a result of the
orientation and position of the implant. In order to increase
stability, therefore, one must either increase horizontal and
vertical translation before dislocation (e.g., by increasing
the head and inner cup diameters or by using an elevated
wall) or increase containment forces (e.g., by increasing off-
set). We suggest that a capsulotendinous repair works in the
latter way.

The purposes of our study were to optimize the surgi-
cal technique of capsular resection and reattachment and to
test various repair methods with regard to their ability to
provide both torque resistance and rotational stability. Our
results confirm that a transosseous repair of the capsule to the
greater trochanter provides the most stable construct in
terms of torque resistance and rotational stability. Since the
transosseous repair was always tested last, we concluded that
the damage to the tissues caused by the previous measure-
ments led to an underestimation of the strength provided by
this repair.

One weakness of our study is that all cadavera had nor-
mal hips with excellent mobility and without evidence of osteo-
arthritis. One might question how applicable these findings are
to patients with osteoarthritis. Furthermore, all of the donors
had been thin, making the surgical technique easier.

Although we believe that the repair should reproduce
normal anatomy as closely as possible, this goal can be only
partially accomplished. The superior part of the repair is
placed at or near the center of the femoral head, and thus it
directly inhibits the head from dislocating while in internal
rotation and either flexion or extension. Its location also in-
creases torque resistance. However, the inferior or intertro-
chanteric part of the repair is not restored to its original site,
so it does not allow sliding of the posterior part of the cap-
sule. We believe that, by cutting the capsule both inferiorly
and superiorly and by fixing it to the bone, we transform an
annular ligament into a pouch ligament, similar to the infe-
rior glenohumeral ligament, that undergoes pretensioning in
flexion. This phenomenon causes a positive torque value in
flexion even before the hip is internally rotated, as can be
seen in Figures 2-A and 2-B. This also explains why the infe-
rior portion of the repair was always more stretched than the
superior portion after dislocation. Our technique increased
stability, especially in the immediate postoperative phase, al-
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though its effect in the long term could be smaller as a result
of repetitive strain. Placement of two independent sutures
allows one suture to protect the other.

In our experimental apparatus, dislocation occurred at
rotation angles that were much smaller than those encoun-
tered clinically. We offer the following explanation for this dis-
crepancy. In our test setup, the limb is fastened to a clamp,
which causes some degree of axial preload. As soon as im-
pingement starts to take place, dislocation is precipitated as a
result of this preload. When stability is tested in the clinical
situation, there is no axial preload and more subluxation can
occur before dislocation. Furthermore, hip stability is not fre-
quently tested at a full 90° of flexion because of the position of
the pelvic support. Finally, a surgeon is in a difficult position
to judge the exact degree of hip flexion and internal rotation
as he or she is looking from above and behind. Positioning a
cup in more anteversion than was used in our experiment may
allow more impingement-free internal rotation, but impinge-
ment may be initiated earlier in external rotation and exten-
sion. The rotation angles of impingement and subsequent
dislocation in our experiment are within the range that Jara-
maz et al. calculated with use of a range-of-motion simulator
in a series of implanted cups®.

Surprisingly, we found that internal rotation increases
approximately 20° (range, 10° to 30°) after a transosseous re-
pair. One might expect a checkrein to be created in internal
rotation. In the clinical situation, increasing torque resis-
tance creates the impression of a checkrein', but the repair is
never tested to the point of failure or dislocation. In a natu-
ral hip, tensioning of the posterior structures around the
femoral head stops internal rotation at about 10° to 20°.
However, insertion of a total hip replacement greatly reduces
this volumetric effect because the head and inner cup diame-
ters are now 28 mm. Hence, less strain is provoked by inter-
nal rotation, allowing more internal rotation before failure.
Although the moment of impingement cannot be altered, we
think that more subluxation is allowed before true disloca-
tion takes place.

There was a large variation in both the torsion resistance
and the rotation angle in our series. As a result of this variabil-
ity, the ranges of results for each of the techniques overlap
slightly. Nevertheless, in each artificial joint, the maximum
torsion resistance and rotation angle provided by the trans-
osseous repair were always larger than those provided by the
soft-tissue repair or no repair. The variation was due not only
to variation in soft-tissue balancing and tensioning of the
transosseous suture, but also to variation in cup position, as
this has the most profound effect on impingement and dislo-
cation. This variation also occurs in the clinical setting®, but it
can be addressed by increasing clinical experience or using
navigational tools. Interestingly, the hip that was seen to have
the most anteverted cup radiographically (the right hip of the
first cadaver) also benefited the most from the transosseous
repair (see Appendix).

Our test results suggest that transosseous repair is valu-
able, at least immediately following primary total hip replace-
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ment. However, the effects of healing and the possible migration
of the muscle reinsertion still must be investigated clinically.

Appendix
A table presenting the data derived from the dislocation

tests in the six hips is available with the electronic ver-

sions of this article, on our web site at www.jbjs.org (go to the
article citation and click on “Supplementary Material”) and
on our quarterly CD-ROM (call our subscription department,
at 781-449-9780, to order the CD-ROM). m
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