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Intra-articular Volume Reduction With Arthroscopic
Plication for Capsular Laxity of the Hip: A Cadaveric

Comparison of Two Surgical Techniques

Brian R. Waterman, M.D, Austin Chen, M.D., William H. Neal, B.S.,

Edward C. Beck, M.P.H., Gift Ukwuani, M.D., Ian M. Clapp, M.S., Benjamin Domb, M.D.,
and Shane J. Nho, M.D., M.S.
Purpose: To compare intracapsular volume reduction between interportal capsular shift and T-capsulotomy plication in a
cadaveric model. Methods: Twelve pair-matched specimens were randomized into T-capsulotomy plication or inter-
portal capsular shift. T-capsulotomy was performed using a 2-cm interportal and 2-cm bisecting, longitudinal limb to the
intertrochanteric line. Plication was performed utilizing 5-mm bites on either side of the capsulotomy with arthroscopic
knot tying technique standard alternating half hitches. Pair-matched interportal capsular shift specimens underwent 5-cm
interportal capsulotomy, and capsular shift was performed utilizing 5 nonabsorbable sutures placed in 45� orientation at
5 mm from the capsulotomy margin. With each specimen in a position of slight flexion and adduction, a spinal needle was
used to inject methylene blue-colored saline solution intra-articularly; the volcano method was used to measure capsular
volume before and after each respective plication technique. Mean absolute volumes and relative volumetric reduction for
each technique were quantified and compared to determine statistical significance. Results: At baseline, there were no
statistically significant differences in capsular volume between pair-matched specimens (T-capsulotomy plication, 42.5 �
5.1 mL; interportal capsular shift, 45.0 � 88.6 mL; P ¼ .555). After capsulotomy and secondary plication, both the
T-capsulotomy (post: mean ¼ 32.5 � 8.0 mL; P < .001) and interportal capsulotomy groups (post: mean ¼ 29.4 � 10.0;
P < .0001) demonstrated significant decreases in capsular volume, with average reductions of 10.0 � 3.3 mL and 15.6 �
3.2 mL, respectively. Although the interportal capsular shift (35.9% � 11.3%) demonstrated greater volumetric reduction
relative to baseline when compared with the T-capsular plication (24.5% � 10.8%), these results were not significant
(P ¼ .104). Conclusions: Both T-capsular plication and interportal capsular shift produce statistically significant
reductions in overall hip capsular volume. Although the interportal capsular shift may generate modestly higher degrees
of capsular reduction, the comparative biomechanical repercussions of each technique are not currently known. Clinical
Relevance: Irrespective of arthroscopic technique, capsular plication with 5-mm bites decreases capsular volume by
approximately one-third to one-fourth that of baseline measures.
ip capsular laxity and hypermobility are associated
Hwith increased hip flexion during trunk move-
ment and the development of labral tears as a result of
abnormal contact between the femoral head and ace-
tabulum. This may be attributable to inherent soft tissue
laxity in patients with connective tissue disorders such
as Ehlers-Danlos syndrome or Marfan syndrome. It can
Section of Young Adult Hip Surgery, Division of Sports Medicine,
of Orthopedic Surgery, Rush University Medical Center (W.H.N.,
., I.M.C., S.J.N.), Chicago, Illinois; Department of Orthopedic
ke Forest Baptist Medical Center (B.R.W.), Winston-Salem, North
merican Hip Institute (A.C.), Elmhurst, Illinois; Hinsdale
(B.D.), Hinsdale, Illinois, U.S.A.
rs report no conflicts of interest in the authorship and publication
. Full ICMJE author disclosure forms are available for this article
pplementary material.

Arthroscopy: The Journal of Arthroscopic and Related
also develop as a result of strenuous training with
compensatory soft tissue laxity. Individuals partici-
pating in athletic activities requiring repetitive motions
may result in microtrauma to the capsule, leading to
capsular redundancy and microinstability.1,2

The capsule is an important hip stabilizer, and repair
or plication is essential in preventing postoperative
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Fig 1. Standard (left hip) T-capsulotomy: 2-cm interportal
incision adjacent and parallel to the labrum from 1 o’clock to
3 o’clock and 2-cm bisecting, longitudinal limb to the level of
the intertrochanteric line.
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instability.1,3 After a report of anterior hip dislocation in
a patient undergoing hip arthroscopy for the treatment
of femoroacetabular impingement in the presence of
capsular laxity,4 it has become apparent that proper
capsular management for patients first seen with
hyperlaxity and hypermobility is required. Further-
more, Han et al.5 have demonstrated that capsular
laxity alters normal kinematics of the hip, with the
potential to result in abnormal femoral-acetabular
contact and joint degeneration. Capsular plication has
been recommended for these patients.1,3,6 The aim of
capsular plication is to restore or improve joint stability.
Although arthroscopic management with capsular

plication has been recommended for treatment of
combined hip pathology, the extent of volumetric
reduction with established techniques has not been
elucidated. The purpose of this study is to compare
intracapsular volume between interportal capsular shift
and T-capsulotomy plication in a cadaveric model. It
was hypothesized that no significant difference exists
between these 2 popular techniques in terms of relative
and absolute levels of volumetric reduction.

Methods
Six matched pairs of hemipelvis and proximal femur

human cadaver specimens (12 total specimens) were
obtained fromScienceCare thawed, dissected to the level
of the hip capsule, and used for testing the changes in
capsular volume after T-capsulotomy followed by open
capsular plication (6 specimens) or interportal capsu-
lotomy (6 specimens) using arthroscopic instrumenta-
tion followed by capsular shift. All the specimens were
assessed by a board-certified, fellowship-trained ortho-
paedic surgeon, orthopedic surgery sports medicine
fellow, and third-year medical student. Institutional
review board approval was not required because de-
identified cadaveric specimens were used.
Native capsular volume was obtained from each

specimen in a position of neutral rotation, slight flexion
(20�), and slight adduction (20�) by injecting a dilute
methylene blue/saline solution with an 18-gauge spinal
needle and 60-mL syringe until firm resistance was met
in the syringe or until immediate overflow (“volcano
method”) of fluid occurred at the needle insertion site.7,8

In brief, the so-called volcano method was employed for
both the capsular plication techniques. By means of a
standard anterior approach, the joint was insufflated
with normal saline impregnated with methylene blue
dye in 5-mL increments. On positive backflow into the
syringe or overflow at the site of injection, volumetric
measurements were recorded. A standard T-capsu-
lotomy was performed on 1 set of the pair-matched
specimens using a 2-cm interportal adjacent and paral-
lel to the labrum from 1 o’clock to 3 o’clock and 2-cm
bisecting, longitudinal limb to the level of the inter-
trochanteric line (Fig 1). T-capsulotomy plication (TCP)
was performed with 3 No. 2 high-tensile nonabsorbable
sutures (Force Fiber; Stryker, Kalamazoo, MI) tied in
each limb of the T, utilizing 5-mmbites (measuredwith a
ruler) on either side of the capsulotomy and an arthro-
scopic knot-tying technique of standard alternating half
hitches (Fig 2). The distance between suture limbs was
10mm andwasmeasured with a ruler as well. The other
half of the pair-matched specimens underwent a 5-cm
interportal capsulotomy from 11 o’clock to 4 o’clock
(Fig 3). Interportal capsular shift (IPCS) was performed
using 5 high-tensile nonabsorbable sutures placed in a
medial 45� orientation from the proximal to distal cap-
sulotomy margin (Fig 4). As with the TCP, 5-mm bites
were taken from either side and knots were tied by using
a similar technique. The T-capsulotomy and IPCS were
performed in a similar fashion as previously described in
the literature.3,9

Before the capsular volume was measured after
plication or shift, the superficial layer of the capsu-
lotomy was oversewn with 3-0 monofilament sutures,
and 2-octyl cyanoacrylate was applied to create a
watertight seal. Dermabond glue was used to ensure a
watertight seal was maintained, particularly at the site
of dye injection. Of note, none of the cadaveric hips
used had any capsular defect. With the specimens in the



Fig 2. Plication of standard (right hip) T-capsulotomy using 3
No. 2 high-tensile strength nonabsorbable sutures using 5-mm
bites on either side of the incision. The arthroscopic knot-tying
technique was used with standard alternating half hitches.
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same position of slight flexion and adduction, an
18-gauge spinal needle and 60-mL syringe was used to
inject methylene blueecolored saline intra-articularly.
Syringe resistance or the volcano method was again
used as the sign for complete capsular volume fill, and
Fig 3. Standard (left hip) interportal capsulotomy: 5-cm
incision from 11o’clock to 4 o’clock.
the second volume measurement was recorded. The
mean absolute volumes and relative volumetric
reduction for each technique were recorded.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics

(SPSS, Chicago, IL). Descriptive statistics summarizing
cadaveric demographics, capsular volumes, and relative
volumetric reduction were presented as means and stan-
dard deviations or percentages where appropriate. Results
were compared by using paired samples and independent
t tests to determine statistically significant differences
between techniques. For the current study, aPvalueof less
than .05 was deemed statistically significant.

Results

Demographics
Cadaveric specimens were obtained from 6 male do-

nors with an average age of 63 � 16 years and average
body mass index of 27.3 � 7.0, consisting of 6 right and
6 left hemipelvi. The average age of the hips was
approximately 1.2 months.

Baseline Intracapsular Volume
At baseline, there were no statistically significant dif-

ferences in average intra-articular capsular volume be-
tween pair-matched specimens with intact capsule (TCP,
42.5 � 5.1 mL; IPCS, 45.0 � 8.6; P ¼ .555) (Table 1).
Fig 4. (Left hip) Interportal capsular shift using 5 No. 2 high-
tensile strength nonabsorbable sutures placed in a medial 45�

orientation from the proximal to distal capsulotomy margin
using 5-mm bites on either side of the incision. The arthro-
scopic knot-tying technique was used with standard alter-
nating half hitches.



Table 1. Preoperative and Postoperative Comparison of Capsular Volumes Between T-Capsulotomy Plication and Interportal
Capsulotomy With Capsular Shift

T-Capsulotomy (n ¼ 6) Interportal Capsulotomy (n ¼ 6) P Value

Baseline Volume (mL) 42.5 � 5.1 45.0 � 8.6 .555
Postoperative Volume (mL) 32.5 � 8.0 29.4 � 10.0 <.001
Absolute Volume Reduction (mL) 10.0 � 3.3 15.6 � 3.2 .014
Relative Volume Reduction (%) 24.5 � 10.8 35.9 � 11.3 .104
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Absolute and Relative Capsular Volume Reduction
After capsulotomy and subsequent plication, both the

T-capsular plication (32.5 � 8.0 mL; P < .001) and
interportal capsular shift groups (29.4 � 10.0 mL;
P < .001) demonstrated significant decreases in
capsular volume, with an average reduction of 10.0 �
3.2 mL and 15.6 � 3.2 mL, respectively. When
compared, the absolute reduction between the2 tech-
niques were significantly different (P ¼ .014) (Table 1).
Relative to baseline, the interportal capsulotomy with
subsequent capsular shift demonstrated greater, albeit
nonsignificant, volumetric reduction when compared
with T-capsulotomy with plication (IPCS, 35.9% �
11.3% vs TCP, 24.5% � 10.8%; P ¼ .104) (Table 1).
Shifts in volume for specimens that had a T-capsular
plication or interportal capsular shift are depicted in
Figure 5.
Fig 5. Capsular volumes: T-capsular plication versus interporta
capsular shift; TCP, T-capsulotomy plication.)
Discussion
Thepresent studyhas revealed that both T-capsulotomy

with plication and interportal capsulotomy with capsular
shift result in significant decreases in capsular volume
when compared with baseline. Although the interportal
capsulotomy with capsular shift yielded a greater relative
percentage of volumetric reduction than that of T-cap-
sulotomy, the difference was nonsignificant.
Management of the hip capsule has become an area of

intense debate within the hip arthroscopy community
because consequences of surgical violation of the native
capsule are becoming increasingly recognized.2,4,10-16

Iatrogenic instability caused by transection of the iliofe-
moral ligament, the primary stabilizer of the hip,9,17-19 is
of utmost concern because numerous case reports of hip
dislocation and subluxation after hip arthroscopy have
surfaced4,10,11,13,14,16 Even though numbers of
l capsular shift before and after plication. (ICS, interportal
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postoperative hip dislocation are thought to be under-
reported, the absence of macroinstability or gross
dislocation events does not preclude patients who
undergo hip arthroscopy from experiencing symptomatic
or asymptomatic microinstability. Up to 35% of revision
hip arthroscopy cases have been secondary to micro-
instability,15 and structural abnormalities may subse-
quently develop. In a case series of 9 patients requiring
revision hip arthroscopy without residual femo-
roacetabular impingement,McCormick et al.20 reported 7
having capsular defects on magnetic resonance arthrog-
raphy.20 The aforementioned studies provide evidence
that the capsule and its proper management play an in-
tegral role in preventing postoperative microinstability.
Additionally, in a comparative, matched-pair analysis of
patients who underwent T-capsulotomy with partial
repair versus complete repair, Frank et al.9 observed sig-
nificant improvements at 6 months, 1 year, and 2.5 years
after surgery regardless of closure technique.9 However,
those whose capsules were completely repaired reported
superior sport-specific outcomes at each time point and a
lower rate of revision (0%) when compared with that of
the partial repair group (13%).9 Even with evidence of
excellent clinical outcomes supporting capsular closure in
the general population, patients meeting specific criteria
(e.g., capsular insufficiency) may require alternative
capsular management.
Capsular plication, a form of repair that aims to

decrease capsular volume and titrate soft tissue re-
straints, is warranted if patients exhibit specific overt
signs of hypermobility clinically, radiographically, or
arthroscopically. Briefly, clinical signs influencing the
need for plication include those consistent with
capsular incompetence, atraumatic instability, or
increased physiologic laxity.2 Radiographic findings
include greater acetabular dysplasia (center-edge angle
20� to 24�), deficiency of bony constraint (acetabular
index, stability index), or capsular redundancy on
magnetic resonance arthrography, labral or liga-
mentum teres hypertrophy.21 Last, arthroscopic find-
ings include positive intraoperative vacuum sign,
capsular redundancy, or laxity on manual probing, or a
weakened, thin capsule.
Generalized joint laxity encompassesmany factors that

influence the decision to plicate rather than perform
routine capsular closure. More commonly seen in pop-
ulations of individuals with femoroacetabular impinge-
ment syndrome than in the general public,22,23 patients
with systemic hypermobility are at risk for labral tears
requiring an arthroscopic procedure that further com-
promises the capsular integrity of an inherently unstable
hip joint. Previous biomechanical and histologic in-
vestigations have also determined that patients with
generalized joint laxity have thinner hip capsules24 and
differing compositions of collagenous protein.25 In light
of these factors, proper andmeticulous capsular plication
is critical for this population to reduce capsular volume,
tighten the structure, and prevent instability.
The interportal capsulotomy, a transverse incision

between the anterior and anterolateral portals, can vary
between 2 and 6 cm in length, depending on pathology
and surgeon preference. Cadaveric studies have
concluded that larger interportal capsulotomies have a
dose-dependent effect on joint instability, as well as
distraction force.26,27 Closure can be addressed in
numerous ways,1-4,15,28-33 but the present study in-
volves examination of a capsular shift technique in
which direct side-to-side stiches are passed in a fashion
allowing larger bites on the distal capsule, passing the
suture through the zona orbicularis. When tightened,
the larger bites imbricate the capsule, creating increased
tension in both external rotation and extension.3,6

For surgeons who perform T-capsulotomy, the verti-
cal limb extending to the base of the ILFL is typically
repaired first to prevent rotational instability secondary
to ligamentous compromise. In a distal to proximal di-
rection, 2 to 4 sutures are shuttled through the ante-
rolateral portal in a direct side-to-side stitch pattern,
placing desired tension on the 2 limbs.29,30,32,33 Sub-
stantial bites are taken to adequately plicate the capsule
and decrease redundant tissue. After careful placement
of sutures along the ILFL, the horizontal limb is
addressed with 2 to 4 sutures in the same
fashion.29,30,32,33 Results of cadaveric studies have
shown that complete repair of the T-capsulotomy re-
stores the rotational profile to the native state.26

The volumetric effect of capsular plication has been
previously studied in amultidirectional instability model
of the glenohumeral joint. Ponce et al.34 found that a 1-
cm capsular plication stitch resulted in a 10% volume
reduction of the joint. The present study, however,
provides quantified evidence of capsular volume reduc-
tion regardless of capsulotomy technique. Both inter-
portal capsulotomy and T-capsulotomywith subsequent
plication resulted in significant decreases in capsular
volume with average reductions of 15.6 � 3.2 mL and
10.0 � 3.2 mL, respectively. Although it was reported
that interportal capsulotomy with capsular shift and
plication yielded greater volumetric reduction relative to
baseline when compared with T-capsulotomy (35.9%�
11.3% vs 24.5% � 10.8%), the difference was nonsig-
nificant. Furthermore, the ramifications of volumetric
reduction (absolute and relative), both biomechanically
and clinically, are currently unknown. Because T-cap-
sulotomy has been popularized as a superior technique
to provide visualization,31 future investigations must
determine whether the greater relative volumetric
reduction after interportal capsulotomy has sufficient
benefit in outcomes to outweigh the utility of T-capsu-
lotomy in regard to exposure.
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Limitations
This study has multiple limitations that may affect the

applicability of its findings. Given that this is a cadaveric
study and there is no critical difference in capsular vol-
ume, it was difficult to establish an a priori power analysis
to ensure lack of a type II error. Additionally, we had
relevant resource limitations that precluded the incorpo-
ration of further cadaveric specimens. According to post
hoc analysis, the sample based on the effect size of the
average volume difference is undersized, which could
have resulted in type II error. Although cadaveric speci-
mens are often required to quantitatively evaluate joint
biomechanics and kinematics, they cannot replicate the
in vivo nature of the dynamic hip motion. Another limi-
tation presented is the so-called volcano method used to
measure capsular volume. Although this method has
been used in other studies,7,8 it has not been properly
vetted. Next, the volumewas evaluated, but the effect on
hip extension and rotation was not tested, and therefore,
the direction of motion loss is not characterized. In addi-
tion, the cadaveric specimenswere older than the general
population of patients undergoing hip arthroscopy, and to
the authors’ knowledge, no specimens were classified as
hypermobile. Similarly, we were unable to account for
relative differences in capsular properties that vary with
age, including those associated with generalized joint
laxity. Finally, it is impossible to arthroscopically replicate
the precise nature of the capsulotomy and plication pre-
sented in this study. On the basis of these limitations and
the bench nature of this study, we cannot make any
conclusions regarding the clinical relevance of volumetric
reduction with capsular plication.

Conclusions
Both T-capsular plication and interportal capsular

shift produce statistically significant reductions in
overall hip capsular volume. Although the interportal
capsular shift may generate modestly higher degrees of
capsular reduction, the comparative biomechanical re-
percussions of each technique are not currently known.
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