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Repair, Capsular Shift, and Capsular
Plication for Hip Capsular Closure

Is a Single Repair Technique Best for All?
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Background: In hip arthroscopy, the best capsular closure technique to prevent microinstability in some patients while preventing
overconstraints in other patients has yet to be determined.

Purpose: To evaluate the biomechanical effects of capsular repair, capsular shift, and combination capsular shift and capsular
plication for closure of the hip capsule.

Study Design: Controlled laboratory study.

Methods: Eight cadaveric hips (4 male and 4 female hips; mean age, 55.7 years) were evaluated in 7 conditions: intact, vented,
capsulotomy, side-to-side repair, side-to-side repair with capsular plication (interval closure between iliofemoral and ischiofemoral
ligaments), capsular shift repair, and capsular shift repair with plication. Measurements, via a 360� goniometer, included internal
and external rotation with 1.5 N�m of torque at 5� of extension and 0�, 30�, 60�, and 90� of flexion. In addition, the degree of
maximum extension with 5 N�m of torque and the amount of femoral distraction with 40 N and 80 N of force were obtained.
Repeated-measures analysis of variance and Tukey post hoc analyses were used to analyze differences between capsular
conditions.

Results: At lower hip positions (5� of extension, 0� and 30� of flexion), there was a significant increase in external rotation and total
rotation after capsulotomy versus the intact state (P < .05). At all hip flexion angles, there was a significant increase in external
rotation, internal rotation, and total rotation as well as a significant increase in maximum extension after capsulotomy versus
capsular shift with plication (P < .05 for all). At all flexion angles, both capsular closure with side-to-side repair (with or without
plication) and capsular shift without capsular plication were able to restore rotation, with no significant differences compared with
the intact capsule (P > .05). Among repair constructs, there were significant differences in range of motion between side-to-side
repair and combined capsular shift with plication (P < .05).

Conclusion: At all positions, significantly increased rotational motion was seen after capsulotomy. Capsular closure was able to
restore rotation similar to an intact capsule. Combined capsular shift and plication may provide more restrained rotation for
conditions of hip microinstability but may overconstrain hips without laxity.

Clinical Relevance: More advanced closure techniques or a combination of techniques may be needed for patients with hip laxity
and microinstability. At the same time, simple repair may suffice for patients without these conditions.
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As consensus grows in use of hip arthroscopy as a procedure
for hip preservation surgery, controversy still exists over
management of the hip capsule.4,6,10,14 During hip arthros-
copy, a capsulotomy is often performed to help gain access

to the central compartment. By piercing through the iliofe-
moral ligament, a capsulotomy connecting the portals pene-
trates through the strongest component of the hip capsule
that is responsible for resisting anterior translation and
external rotation of the hip.8,9 In biomechanical studies, hip
capsulotomy in comparison with an intact hip capsule has
been shown to significantly increase internal rotation,
external rotation, and total rotation.7,12 Clinical studies are
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consistent with the laboratory data in that outcomes
appear to be inferior if the capsulotomy is not closed.10 Sub-
luxation of the hip and dislocation of the hip after hip
arthroscopy without capsular closure have been
reported.4,14 At the same time, partial repair of the hip
capsule, in comparison with complete closure, has shown
significantly inferior outcomes after hip arthroscopy.6

Simple closure of the hip capsule, with a side-to-side
repair, has been reported along with more advanced tech-
niques of capsular management, including capsular shift
and capsular plication.10 Safran et al11 described a capsular
plication technique that involves an interval closure tech-
nique between the iliofemoral and ischiofemoral ligaments.
Domb et al5 described a capsular shift technique that
involves advancing the lateral aspect of the hip capsule
with respect to the medial edge. Advanced management
of the hip capsule has been recommended for patients
undergoing hip arthroscopy for borderline dysplasia or
microinstability. Jackson et al7 demonstrated, through a
biomechanical model, that a capsular shift repair can be
used to treat capsular laxity. However, the biomechanical
effect of these advanced capsular management techniques
has not been directly compared as a combination of differ-
ent hip capsular closure techniques used in unison.

The importance behind these different capsular manage-
ment techniques is underscored in patients with hip micro-
instability, as seen in borderline hip dysplasia or hip
hypermobility with connective tissue disorders, where
instability may become more pronounced after iatrogenic
injury to the hip capsule during hip arthroscopy. The pur-
pose of this study was to evaluate the biomechanical prop-
erties of a side-to-side capsular repair compared with a
capsular shift, with or without the addition of a capsular
plication, and how these procedures affect hip motion and
hip distraction. The hypotheses were that (1) there will be
no difference in hip motion or hip distraction between a
side-to-side capsular repair or a capsular shift repair with
or without a capsular plication and (2) the addition of a
capsular plication will have no difference in hip motion and
hip distraction compared with an intact capsular state.

METHODS

Specimen Preparation

Four fresh-frozen cadaveric pelvises (8 hips) were used for
the study. The specimens were procured from the University

of California Willed Body Program. The mean donor age was
55.7 years (range, 42-73 years), and there were 4 male and 4
female hips. From each specimen, all tissues except the hip
capsule were carefully dissected without violation of the cap-
sule. Each femur was cut 13 cm from the top of the greater
trochanter to allow adequate space for insertion of the intra-
medullary femoral rod. The pelvis was aligned in the hip
testing system (Figure 1) with the anterior superior iliac
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Figure 1. Hip testing apparatus from lateral view of a right hip.
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spine (ASIS) and the pubic symphysis parallel with the
superior-inferior axis. Similarly, the right and left ASIS
were parallel with the medial-lateral axis. The defining local
coordinate systems were based on 3 screws that were posi-
tioned on the lateral ilium and the anterior femur; these 3
screws were positioned on both the lateral ilium and anterior
femur to show the proximal, distal, and medial orientation.
During femoral distraction, these coordinate screws were
used to determine the femoroacetabular position with a 3-
dimensional digitizing system (Microscribe 3DLX; Revware
Inc). The accuracy of the Microscribe system was 0.3 mm.
After preparation of the specimens and between testing ses-
sions, the specimens were kept moist and properly wrapped
before storage. Once testing was completed, all specimens
were completely dissected to evaluate for signs of arthritis
in the femoroacetabular compartment.

Testing Apparatus

A hip testing system, as previously described by Jackson
et al,7 was used to perform all biomechanical testing of
each hip. In brief, the pelvis was mounted with the ASIS
and pubic symphysis parallel with the superior-inferior
axis. The right and left ASIS were parallel with the
medial-lateral axis. Each femur was secured distally with
an intramedullary rod that allowed 6 degrees of freedom.
A curved plate and bracket were connected with the
femoral intramedullary rod to allow free hip flexion and
extension, internal and external rotation, and distraction in
the proximal-distal axes of the femur. The arced plate was
connected to 2 translating base plates; 1 translating plate
allowed anteroposterior translation, the other translating
plate allowed mediolateral translation. Each specimen,
through use of the translating base plates, was uniquely
adjusted to the specifications of each hip. At baseline, the
femur was placed under 20 N of compressive loading with
10 N on the anterior femur and 10 N on the posterior femur.

Hip Rotation

Before testing, each specimen was preconditioned in inter-
nal rotation and external rotation by applying 1.5 N�m via a
digital torque wrench. Measurements of rotation were
made along the flexion and extension arc of the hip. Posi-
tions along this arc included 5� of extension and 0�, 30�, 60�,
and 90� of flexion. Femoral rotational range of motion was
measured with a 360� goniometer attached to the bracket
on the arced plate, with 1.5 N�m applied to the distal rod via
a digital torque wrench. A reference pin, positioned proxi-
mally to the goniometer, was placed in each intramedullary
rod running through the femur. The relaxed position of
each hip, 0�, was used to determine the neutral rotation
of each specimen to ensure that the hip capsule was not
under observable tension from external sources. Rotation
of each hip, including maximum external and internal rota-
tion, was measured by the position of the reference pin on
the goniometer. Each testing condition and measurement
was conducted on 2 trials, with a third trial performed if
there was a difference of 1.0 mm or 2� between subsequent
measurements.

Hip Distraction

The Microscribe 3-dimensional digitizing system was used
to measure femoral distraction. With the femur in 15� of
flexion, based on the hip testing jig, 0, 40, and 80 N of
distraction were applied to the distal end of the femur,
using the coordinate screws to measure distance between
the femur and pelvis.

Testing Conditions

Each hip specimen underwent 7 testing conditions: intact
state, vented capsule, capsulotomy, side-to-side repair,
side-to-side repair with capsular plication, capsular shift
repair, and capsular shift repair with capsular plication.
Venting of the capsule was performed to control for effects
seen with the loss of negative pressure.

The intact hip capsule was first tested for rotation (max-
imum internal rotation and maximum external rotation)
with measurements conducted in increments of hip flexion
(5� of extension, and 0�, 30�, 60�, and 90� of flexion), then it
was tested for femoral distraction at both 40 and 80 N.
Next, the vented capsule state was tested, with venting
performed by entering a 22-gauge needle into the poster-
osuperior aspect of the hip capsule between the iliofemoral
and ischiofemoral ligament. After venting and before test-
ing subsequent conditions, markers were placed along the
capsule using 3-0 nylon, to be used as guides to follow for
the capsular repair techniques. This was done to deter-
mine the normal anatomically matched sides of the hip
capsule before creating a hip capsulotomy. The third test-
ing state consisted of a hip capsulotomy to replicate the
capsulotomy typically performed during hip arthroscopy;
the portal sites were connected using an incision starting
5 mm distal to the acetabular labrum and extending
distally to the 4-o’clock position for a right hip and the
8-o’clock position for a left hip.

The fourth through seventh testing conditions had a
randomized order of capsular closure techniques con-
ducted between matched hip specimens. These subse-
quent testing conditions consisted of a side-to-side
capsular repair with and without a capsular plication,
and a capsular shift repair with and without a capsular
plication. The intent behind these additional testing con-
ditions was to reduce capsular redundancy and volume.
Three techniques were tested in repair of the hip capsule
(Figure 2). The first technique involved a simple side-to-
side repair of the hip capsule using 1-0 Vicryl suture
(Ethicon Inc), for a total of 5 knots with 3 separate
suture constructs (Figure 2A). The second technique
involved a capsular shift as described by Domb et al,5

in which a suture was passed from the edge of the
medial flap of the capsule then advanced 1 cm through
the lateral aspect of the hip capsule. As a result, the
advancement along the lateral aspect of the hip capsule
allowed a superior shift of the iliofemoral ligament. Sim-
ilar to the simple repair, a total of 5 knots using 1-
0 Vicryl suture were used to create the capsular shift,
with 3 separate suture constructs (Figure 2B). For the
third technique of capsular closure, a capsular plication
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along the superior interval between the iliofemoral and
ischiofemoral ligament, as described by Safran et al,11

was performed. In reference to a left hip, this capsular
plication was started at the 1-o’clock position and
advanced, counterclockwise, to the 10-o’clock position.
This distance spanned 2 cm, using 1-0 Vicryl suture, for
a total of 5 knots with 2 separate suture constructs (Fig-
ure 2C).

Statistical Analysis

A repeated-measures analysis of variance was performed
to compare rotational range of motion and femoral distrac-
tion between the different hip capsular repair constructs.
Tukey post hoc analyses were performed to identify differ-
ences between intact, vented, capsulotomy, side-to-side
repair, capsular shift repair, side-to-side repair with cap-
sular plication, and capsular shift repair with capsular
plication.

RESULTS

Rotational motion of the hip between the intact state and
after capsulotomy was significantly different at low hip
flexion angles but not at high hip flexion angles. Specifi-
cally, under all hip flexion angles, maximum internal rota-
tion was not found to be significantly different between the
intact capsule and after capsulotomy. On the other hand,
maximum external rotation was found to be significantly
different between the intact state and capsulotomy state,
with capsulotomy demonstrating significantly increased
external rotation at 5� of extension and 0� and 30� of flexion
(P< .05 for all) but not at 60� and 90� of flexion. For femoral
distraction, there was no significant difference between the
intact and capsulotomy conditions at both 40 and 80 N.

In evaluation of the different capsular repair techniques,
maximum internal rotation was found to be significantly
less for the side-to-side repair with capsular plication and
the capsular shift repair with plication compared with the

Figure 2. (A) Hip side-to-side capsular repair. (B) Hip capsular shift repair. (C) Hip plication.
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capsulotomy state at both 5� of extension and 0� of flexion
(Figure 3). At higher hip flexion angles (30�, 60�, and 90�),
maximum internal rotation was found to be significantly
different only between capsulotomy and capsular shift
repair with plication, with less internal rotation noted with
the capsular closure technique. The addition of a capsular
plication to a side-to-side repair was found to result in sig-
nificantly less internal rotation compared with a side-to-
side repair alone with the hip in 5� of extension and 0� of
flexion.

At all flexion angles, external rotation was found to be
significantly different between side-to-side repair and cap-
sular shift repair with plication, with less external rotation
seen in the combined capsular closure technique (Figure 4).
Compared with the intact hip capsule, only the capsular
shift repair with the additional plication demonstrated a
significant difference in external rotation at hip flexion
angles of 0�, 30�, 60�, and 90�. This corresponds to a 22%

decrease in external rotation at 0� and 30� of flexion and a
20% decrease in external rotation at 60� and 90� of flexion
when capsular shift repair with plication is performed in
comparison with the intact condition. When comparing cap-
sular side-to-side repair without versus with capsular pli-
cation, a significant difference was found only in external
rotation at 90� of flexion. There was no difference in exter-
nal rotation at any hip flexion angle between capsular shift
repair with versus without capsular plication.

Compared with the intact hip capsule, total rotation (a
summation of internal and external rotation) was found to
be significantly different in only the capsular shift repair
with plication condition at 5� of hip extension and all hip

flexion angles (Figure 5). In comparison with the intact
condition, capsular shift with plication resulted in lower
hip rotation. This corresponds to an 18% decrease in total
rotation at 5� of extension and 0� of flexion, and a 16%
decrease in total rotation at hip flexion angles of 30�, 60�,
and 90� when a capsular shift repair with additional plica-
tion is performed in comparison with the intact hip. Total
rotation was found to be significantly different between
capsular side-to-side repair with versus without capsular
plication at all hip flexion angles. Similarly, total rotation
was found to be significantly different between capsular
shift repair with versus without capsular plication at 5� hip
extension and hip flexion angles of 0�, 60�, and 90�. In both
scenarios, the addition of capsular plication to either the
side-to-side repair or capsular shift repair resulted in
decreased total rotation.

Femoroacetabular distraction, measured under both 40
and 80 N, was not found to be significantly different among
any of the hip capsular closure techniques (Figure 6). At the
conclusion of testing, dissection performed into the femoro-
acetabular joint did not find any significant arthritis
changes, labral tears, or injury to the ligamentum teres.
Equally important, no pathologic deformities of femoroace-
tabular impingement or hip dysplasia were identified.

DISCUSSION

This biomechanical cadaveric study was performed to eval-
uate the effects of different capsular closure techniques on
hip rotation and hip distraction in different hip joint posi-
tions. With attention to hip range of motion, no differences

Figure 3. Comparison of internal rotation for the testing conditions. Statistically significant difference (P < .05): *versus intact;
#versus vented; &versus capsulotomy; and %versus repair.
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in internal rotation were found between the intact hip cap-
sule and any of the hip capsular closure techniques. On the
other hand, the side-to-side repair with or without plication
and the capsular shift repair without capsular plication
restored external rotation to the intact hip capsular state.
At the same time, the only hip capsular closure technique
that limits hip external rotation, compared with an intact
hip capsule, was a capsular shift repair with capsular pli-
cation. A capsular shift repair with a capsular plication,
also, was the only technique that had a significant

difference in total rotation compared with the intact hip
capsule. Most importantly, the addition of a capsular plica-
tion to either a side-to-side repair or a capsular shift repair
demonstrated differences in total rotation for most hip flex-
ion positions. Although there were no significant differ-
ences for femoroacetabular joint distraction, results for
the capsular techniques involving a capsular shift repair
more closely resembled that of the native intact hip capsule.

Our results on hip rotation were similar to those of pre-
vious cadaveric studies. In a study by Abrams et al,1 total

Figure 4. Comparison of external rotation for the testing conditions. Statistically significant difference (P < .05): *versus intact;
#versus vented; &versus capsulotomy; and %versus repair.

Figure 5. Comparison of total rotation for the testing conditions. Statistically significant difference (P < .05): *versus intact; #versus
vented; &versus capsulotomy; %versus repair; þversus shift; and ^versus repair and plication.
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hip rotation increased after both an interportal capsulot-
omy and a T-shaped capsulotomy, with restoration of nor-
mal hip external rotation motion after capsular repair. In a
similar fashion, Wuerz et al13 revealed that larger capsu-
lotomies resulted in greater increases in hip joint mobility;
yet, complete closure of the hip capsule was able to restore
motion in a comparable state to an intact hip capsule. Sim-
ilarly, our results demonstrated that capsulotomy resulted
in increased hip total motion, especially external rotation,
with restoration of similar motion parameters after any of
the capsular closure techniques. In a recent study by Baha
et al,2 hip kinematics at higher hip flexion angles (60� and
90�) were evaluated after either an interportal or T-
capsulotomy. The T-capsulotomy showed a greater increase
in motion and similarly, the repair of either capsulotomy
reestablished the normal kinematics of an intact hip cap-
sule.2 In our study, higher degrees of hip flexion (60� and
90�) were evaluated with similar restoration of native hip
kinematics after each of the hip capsular closure tech-
niques. To emphasize, all of the capsular closure techniques
evaluated in this study were tested with 2- to 3-suture con-
structs. Chahla et al3 found that 2- and 3-suture constructs
resulted in comparable biomechanical failure torques to
external rotation after capsular repair from a hip
capsulotomy.

In a study by Jackson et al,7 a side-to-side repair was
compared with a capsular shift repair for both an intact hip
capsule and a hip instability model. In comparison of the 2
repair constructs, the only significant difference was noted
for internal rotation at 5� of extension and 0� and 15� of
flexion; however, there was no significant difference in
external rotation. Likewise, there was no significant differ-
ence between the capsular shift repair and the capsular
side-to-side repair constructs at both 40 and 80 N of distrac-
tion. This is important, as distraction testing during hip
arthroscopy confirms hip instability, and patients with cap-
sular laxity need less force for distraction. Along similar
lines, during the late swing phase of walking, distractive
forces place strain on the labrum, and a properly repaired

capsule after hip arthroscopy may help minimize labral
strain. In our study, we found a significant difference in
internal rotation with the hip at 5� of extension and 0� of
flexion when plication was added to either a side-to-side
repair or capsular shift repair; however, there was no sig-
nificant difference between a side-to-side repair and capsu-
lar shift when plication was not added to the repair
construct. As seen in the study by Jackson et al, we also
demonstrated that both a side-to-side repair and capsular
shift repair were able to restore normal external rotation as
seen in the native intact hip capsule. In contrast, the cap-
sular shift repair with plication was the only construct that
significantly reduced external rotation at all hip flexion
angles and total rotation at all hip positions compared with
intact hip capsule. Although not reaching statistical signif-
icance, a side-to-side repair with an additional capsular
plication trended toward less total rotation in comparison
with an intact hip capsule and demonstrated a significant
difference in comparison with a side-to-side repair alone
without additional plication.

The novelty of this study is the focus on a combination of
capsular repair constructs used in tandem to repair a cap-
sule after an interportal capsulotomy. Before this study, a
capsule was repaired with only 1 type of repair construct
and tested against another single repair construct. This
study also adds the testing of advanced capsular repair
constructs at higher degrees of hip flexion. Previous studies
have focused testing of the advanced repair constructs at
low levels of hip flexion (0�-45�), whereas this study aug-
ments testing of the constructs at hip flexion angles of 60�

and 90�. Testing at this level provides information about
potential implications to those patients undergoing capsu-
lar closure after hip arthroscopy who wish to return to
sports participation that requires a high degree of hip flex-
ion. Likewise, the results of this study have possible impli-
cations for capsular management following a capsulotomy
conducted during hip arthroscopy. Specifically, the combi-
nation of capsular closure techniques may be beneficial for
patients with microinstability from capsular laxity or

Figure 6. Comparison of distraction under 40 and 80 N for the testing conditions. No significant differences were detected.
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borderline dysplasia. These advanced combination capsu-
lar closure techniques may have potential in those with
impaired neuromuscular function or supraphysiologic lax-
ity as indicated by an advanced Beighton score. Consider-
ation for a combination closure of the hip capsule may be
decided upon intraoperatively with identification of capsu-
lar redundancy, a thin capsule, or associated tear of the
ligamentum teres. On the other hand, a combination cap-
sular closure, especially a capsular shift repair with addi-
tion of a plication, may not be wanted for those without
signs of capsular insufficiency, as this procedure would
likely overconstrain motion of the hip. Further clinical
studies evaluating these advanced capsular closure techni-
ques on hip function and patient outcomes are needed.

Limitations

This study was affected by limitations of cadaveric biome-
chanical testing. To begin with, results are interpreted at
time zero, which does not take into account potential phys-
iologic loading and healing. This limited physiologic loading
can limit the generalizability of the outcomes of this study,
as the loading of the cadaveric hips does not approach the
physiologic loading experienced during functional activities
of the hip. The mean donor age of the specimens was 55.7
years, which is an older age for patients identified as poten-
tial candidates for hip preservation surgery. During test-
ing, the hip was held in a neutral position, and different
positions of hip abduction or adduction were not tested,
thus limiting the application of these results to other pos-
sible positions of physiologic loading to the hip. Along these
lines, translation of the hip, which could be a presentation
of microinstability of the hip, was not able to be measured
in this study. Additionally, all the capsular repair con-
structs were performed in an open environment, and not
arthroscopically, thus limiting the potential feasibility of
performing the combination of capsular closure techniques
during hip arthroscopy. Finally, since our study was per-
formed on 8 hips from 4 cadaveric pelvises, the study may
have been underpowered. The limited number of specimens
could lead to a bias.

CONCLUSION

The results of this study show that hip capsular closure
was able to restore hip rotation and hip distraction similar
to an intact hip capsule. An advanced combination of cap-
sular closure techniques might provide more restrained
rotation for conditions of hip microinstability but may

overconstrain hips without laxity. Therefore, routine
advanced combination closure of the hip capsule may not
be the correct approach for all patients. Nevertheless, fur-
ther clinical studies are required to evaluate the effects of
advanced capsular management on hip function and
patient-reported outcomes.
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