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Hip Capsular Closure

A Biomechanical Analysis of Failure Torque

Jorge Chahla,* MD, Jacob D. Mikula,* BS, Jason M. Schon,* BS, Chase S. Dean,* MD,
Kimi D. Dahl,* MS, Travis J. Menge,* MD, Eduardo Soares,* MD, Travis Lee Turnbull,* PhD,
Robert F. LaPrade,*y MD, PhD, and Marc J. Philippon,*yz MD
Investigation performed at the Department of BioMedical Engineering,
Steadman Philippon Research Institute, Vail, Colorado, USA

Background: Hip capsulotomy is routinely performed during arthroscopic surgery to achieve adequate exposure of the joint. Iat-
rogenic instability can result after hip arthroscopic surgery because of capsular insufficiency, which can be avoided with effective
closure of the hip capsule. There is currently no consensus in the literature regarding the optimal quantity of sutures upon cap-
sular closure to achieve maximal stability postoperatively.

Purpose/Hypothesis: The purpose of this study was to determine the failure torques of 1-, 2-, and 3-suture constructs for hip
capsular closure to resist external rotation and extension after standard anterosuperior interportal capsulotomy (12 to 3 o’clock).
Additionally, the degree of external rotation at which the suture constructs failed was recorded. The null hypothesis of this study
was that no significant differences with respect to the failure torque would be found between the 3 repair constructs.

Study Design: Controlled laboratory study.

Methods: Nine pairs (n = 18) of fresh-frozen human cadaveric hemipelvises underwent anterosuperior interportal capsulotomy,
which were repaired with 1, 2, or 3 side-to-side sutures. Each hip was secured in a dynamic biaxial testing machine and under-
went a cyclic external rotation preconditioning protocol, followed by external rotation to failure.

Results: The failure torque of the 1-suture hip capsular closure construct was significantly less than that of the 3-suture construct.
The median failure torque for the 1-suture construct was 67.4 N�m (range, 47.4-73.6 N�m). The median failure torque was 85.7 N�m
(range, 56.9-99.1 N�m) for the 2-suture construct and 91.7 N�m (range, 74.7-99.0 N�m) for the 3-suture construct. All 3 repair con-
structs exhibited a median 36� (range, 22�-64�) of external rotation at the failure torque.

Conclusion: The most important finding of this study was that the 2- and 3-suture constructs resulted in comparable biomechan-
ical failure torques when external rotation forces were applied to conventional hip capsulotomy in a cadaveric model. The 3-suture
construct was significantly stronger than the 1-suture construct; however, there was not a significant difference between the 2-
and 3-suture constructs. Additionally, all constructs failed at approximately 36� of external rotation.

Clinical Relevance: Re-establishing the native anatomy of the hip capsule after hip arthroscopic surgery has been reported to
result in improved outcomes and reduce the risk of iatrogenic instability. Therefore, adequate capsular closure is important to
restore proper hip biomechanics, and postoperative precautions limiting external rotation should be utilized to protect the repair.

Keywords: hip capsule; hip; capsulotomy

Because of the recent growth in the number of hip arthro-
scopic procedures performed worldwide, there has been
increasing interest in proper capsular management to pre-
vent iatrogenic microinstability.5,7,8,17 The capsule origi-
nates on the margin of the acetabular rim proximally,
surrounds the femoral neck, and attaches anteriorly to the
intertrochanteric line. The capsule attaches superiorly to
the head-neck junction, posteriorly above the intertrochan-
teric crest, and inferiorly proximal to the lesser trochanter
on the neck.12,20,27

Four capsular ligaments (iliofemoral, ischiofemoral,
pubofemoral, and zona orbicularis) compose the capsule
and are known to provide stability to the hip.8 Biomechan-
ical and clinical studies have reported that the hip capsule
plays an important role in maintaining biomechanical con-
straint to a variety of motions, including rotation and
translation.4,8,9,28 Moreover, in pathological situations
such as in the case of dysplastic patients, secondary stabil-
izers, for example, the labrum or the capsule, are subjected
to additional stress, and therefore, they become vital for
joint stability.13,24 Therefore, proper intraoperative man-
agement of the capsule is important to restore native bio-
mechanics after injuries or capsulotomy.8

Hip capsulotomy is routinely performed during arthro-
scopic surgery for visualization of the intra-articular anatomy.
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Standard anterosuperior interportal capsulotomy for hip
arthroscopic surgery (12 to 3 o’clock) sacrifices the integrity
of the iliofemoral ligament (ligament of Bigelow),1 which pro-
vides rotational stability in both flexion and extension.14 Fail-
ure to restore the anatomic and biomechanical properties of
the iliofemoral ligament after arthroscopic surgery has been
reported to increase the likelihood of microinstability or dislo-
cations.10 The consequences of a deficient capsule can result in
iatrogenic instability, producing potential adverse outcomes
such as persistent pain, subluxation symptoms, and acceler-
ated cartilage wear.3,15

Previous literature investigating the arthroscopic man-
agement of hip pathological conditions has understated the
importance of proper capsular management.8 Recent evi-
dence has suggested that repairing the capsule restores
near native hip joint stability.2,8,11 In addition to capsular
shift or capsulorrhaphy, as many as 6 sutures have been
reported to be used for capsular closure1,8-11,15 or plication
to improve stability when performing either interportal or
T capsulotomy.11,18 However, there is currently no consensus
regarding the optimal number of sutures for hip capsular clo-
sure after arthroscopic capsulotomy to provide a biomechani-
cal strength similar to that of the native capsule.

The purpose of this study was to determine the failure
torque of 1-, 2-, and 3-suture constructs for hip capsular
closure to resist external rotation and extension after stan-
dard anterosuperior interportal capsulotomy (12 to
3 o’clock) in cadaveric specimens. Additionally, the degree
of external rotation at which each of the suture constructs
failed was recorded. The null hypothesis of this study was
that no significant failure torque differences would be
found among the 3 repair constructs.

METHODS

Cadaveric Specimens

Nine pairs (n = 18) of male fresh-frozen human cadaveric
hemipelvises with femurs (mean age, 51.3 years; range,
26-65 years) and no prior injury, surgical history, or gross
anatomic abnormality were dissected free of all skin and
surrounding soft tissues, leaving the bone and capsular
structures intact. The hips were examined for range of
motion, crepitus, or any other sign of occult bony abnor-
malities. The proximal femur and pelvis were potted in pol-
ymethyl methacrylate (PMMA; Fricke Dental) (Figure 1).

All surgical procedures were performed by a single
orthopaedic surgeon (J.C.). Standard 4 cm–long anterosu-
perior interportal capsulotomy was performed from 12 to

3 o’clock on the acetabular clockface,19 1 cm distal to the
hip labrum and parallel to it (Figures 1 and 2). Before cap-
sulotomy, closure locations between the capsuloligamen-
tous flaps were demarcated with a surgical marking pen
at 3 equidistant intervals to ensure anatomic closure of
the capsule (Figure 1).

To determine the position of capsulotomy in an extra-
articular fashion, the psoas-u (3-o’clock position) was visu-
ally identified during hip flexion.19 The incision was initi-
ated at the psoas-u position (3 o’clock) 1 cm distal from
the acetabular rim and continued parallel with the labrum
to the stellate crease (12 o’clock), which can be visualized
with slight subluxation of the femoral head (Figure 2). The
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Figure 1. Anterosuperior interportal capsulotomy on a potted
right hemipelvis. The incision was made parallel to the labrum
from a point 1 cm distal to the acetabular rim from the ‘‘psoas-
u’’ position (3 o’clock) to the stellate crease (12 o’clock). The
capsule was demarcated with a pen before performing capsu-
lotomy to ensure anatomic locations for capsular closure.
Each suture was placed 1 cm apart (suture locations for
a 3-suture construct are shown).
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capsule was closed in a side-to-side fashion between the prox-
imal and distal segments of the capsuloligamentous flaps
with 1, 2, or 3 No. 2 Vicryl sutures (Ethicon Inc) using our
previously described capsular closure technique.16 When 1
suture was utilized, it was placed in the middle of the capsu-
lotomy site (position 2), and when 2 sutures were utilized,
they were positioned equidistant from both ends of the previ-
ously performed capsulotomy site (Figure 2).

Biomechanical Testing

Each potted hemipelvis was securely fixed in hip extension
within a dynamic biaxial testing machine (ElectroPuls
E10000; Instron) for in vitro testing (Figure 3).

The hip was subjected to a cyclic external rotation pre-
conditioning protocol, with the hip oriented in 10� of exten-
sion and under a constant axial compressive load of 5 N. The
preconditioning protocol consisted of 100 cycles between 1
and 5 N�m of external rotation torque, followed by 100 cycles
between 1 and 10 N�m of external rotation torque, oscillat-
ing at 0.5 Hz. A 5-N�m torque has been reported to corre-
spond to the torque required to produce a typical internal/
external full range of motion.17 After cyclic loading, the
hip was realigned to its starting position and was externally
rotated to failure (Figure 4) or, if the sutures did not fail, to
the rotational limit of the testing machine (~130� of rotation
or 100 N�m of torque) at a rate of 10 deg/s.

Data Collection and Statistical Analysis

Each of the 9 matched pairs were randomly assigned 2 of
the 3 closure techniques, and each closure technique was
randomly assigned to the left and right specimens of each
pair to constitute a balanced incomplete block design
(BIBD) (Table 1).30 This design dictated that each suture

Figure 2. Image of a right cadaveric hip demonstrating
a schematic disposition of standard capsulotomy and the
consistent equidistant locations of sutures 1, 2, and 3.
When 1 suture was utilized, it was placed in the middle of
the capsulotomy site (position 2), and when 2 sutures were
utilized, they were positioned equidistant from the ends of
the capsulotomy site.

Figure 3. Photograph of the mechanical testing setup for
a left hip (inverted). The potted hemipelvis was securely fixed
in 10� of hip extension to the base of a dynamic biaxial test-
ing machine to be subsequently tested in external rotation
and extension of the hip joint.

Figure 4. External rotation to failure was applied at a rate of
10 deg/s. Images 1 to 6 document the sequence of the failure
mechanism of a 2-suture capsular closure construct mounted
in the machine. This sequence demonstrates the effects of
progressive external rotation of the hip until failure of the cap-
sule sutures (image 6).
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number shared a paired specimen with each of the other
suture groups 3 times. Torque (N�m) and external rotation
(degrees) were collected using computer software (Wave
Matrix; Instron). Within the experiment, there was a maxi-
mal torque of 100 N�m. This ceiling effect led us to utilize
rank-based statistical testing methods. The nonparametric
version of the BIBD analysis of variance (ANOVA) is the
Durbin test, which was used to assess the primary hypoth-
esis that different suture numbers are associated with the
failure torque. When the omnibus Durbin test was statisti-
cally significant, post hoc comparisons were made using the
Conover method, and the Holm-Bonferroni method was
used to control the type I error. Group medians and ranges
were reported. External rotation at failure was assumed to
follow a normal distribution, analyzed with the standard
parametric BIBD ANOVA and reported using least-squares
means. Significance was set at P \ .05. All analyses were
conducted using the statistical programming language R23

with packages PMCMR22 and ggplot2.29

RESULTS

The failure torque for the 1-suture construct was 67.4 N�m
(range, 47.4-73.6 N�m). For 2 sutures, the failure torque
was 85.7 N�m (range, 56.9-99.1 N�m), and for 3 sutures,
the failure torque was 91.7 N�m (range, 74.7-99.0 N�m).
Two specimens in the 2-suture group and 3 specimens in
the 3-suture group reached the maximal torque
(100 N�m) of the testing machine. No significant differen-
ces were found between 1 and 2 sutures (P = .072) or 2
and 3 sutures (P = .538). However, the 3-suture construct

withstood a significantly higher torque than the 1-suture
construct (P = .043) (Figure 5). There was not a consistent
pattern of failure for any group or between groups.

For the 1-suture construct, the least-squares mean exter-
nal rotation of the hip at failure was 34.0� (95% CI, 30.7�
-37.3�); for 2 sutures, the external rotation at failure was
44.3� (95% CI, 41.0�-47.6�); and for 3 sutures, the external
rotation was 30.3� (95% CI, 27.0�-33.6�). The 2-suture con-
struct failed at a significantly greater degree of external
rotation than the 1- (P = .002) and 3-suture (P \ .001) con-
structs. However, no significant differences were found
between 1 and 3 sutures (P = .124) (Figure 6).

DISCUSSION

The most important finding of this study was that the 2-
and 3-suture constructs resulted in comparable biome-
chanical failure torques when external rotation forces
were applied to conventional hip capsulotomy in a cadav-
eric model. The 3-suture construct was significantly

Figure 5. Boxplots of failure torques for the 3 different con-
structs (1, 2, and 3 sutures). Dark horizontal lines represent
the median, with the box representing the 25th and 75th
percentiles.

Figure 6. Boxplots of external rotation at failure for the 3 dif-
ferent constructs (1, 2, and 3 sutures). Dark horizontal lines
represent the median, with the box representing the 25th
and 75th percentiles.

TABLE 1
Randomized Closure Technique Assignment

Constituting a Balanced Incomplete Block Designa

Specimen No.

1 2 3 4 5 6 7 8 9

Left hip 2S 2S 2S 3S 3S 1S 1S 1S 3S
Right hip 3S 3S 1S 1S 2S 3S 2S 2S 1S

a1S, 1 suture; 2S, 2 sutures; 3S, 3 sutures.
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stronger than the 1-suture construct; however, there was
not a significant difference between the 2- and 3-suture
constructs. Additionally, all constructs failed at approxi-
mately 36� of external rotation.

The consequences of a deficient or damaged hip capsule
resulting in iatrogenic instability after hip arthroscopic sur-
gery have been reported. These cases emphasize the potential
adverse outcomes due to instability after hip arthroscopic sur-
gery without attention to adequate closure and protection of
the capsule. Matsuda15 described the case of an acute anterior
hip dislocation in a patient who had undergone hip arthro-
scopic surgery for femoroacetabular impingement without
capsular closure. Mini-open capsulorrhaphy was subse-
quently performed and successfully restored hip stability.
Benali and Katthagen3 similarly described a case of a 49-
year-old female patient who underwent hip arthroscopic sur-
gery at an outside hospital without documented closure of the
capsule. The patient later presented to their institution with
hip subluxation and progressive osteoarthritis, both of which
were not present on preoperative radiographs. Because of the
noted subluxation and degenerative changes that resulted
from the patient’s iatrogenic instability, the patient was
treated with total hip arthroplasty.

Previous studies have detailed the anatomic properties of
the native hip capsule with relevance to hip arthroscopic sur-
gery. Telleria and colleagues26 described the normal anatomic
intra-articular locations of the hip capsular ligaments in the
central and peripheral compartments. They reported that
the iliofemoral ligament ran from 12:45 to 3 o’clock and was
punctured by the anterolateral and anterior portals within
its lateral and medial borders, respectively. The iliofemoral
ligament has been reported to be the most important stabi-
lizer for hip extension and external rotation,20 which is com-
monly incised when performing standard capsulotomy (12 to
3 o’clock). Additionally, the fibers of the zona orbicularis and
anterior capsule are arranged in a spiral configuration.8,25

The spiral orientation results in the ligaments tightening in
a screw-home mechanism during hip extension and external
rotation, which further stabilizes the hip joint. Loss of the
screw-home mechanism places the hip at risk of instability.

A number of studies have demonstrated arthroscopic cap-
sular closure and plication to be successful; however, they can
be technically challenging. Philippon and colleagues21

reported on a cohort of 37 patients who underwent revision
hip arthroscopic surgery. They found that 35% of revision
cases were caused by unaddressed instability, and postopera-
tive outcomes were significantly improved after capsular pli-
cation and/or thermal capsulorrhaphy. Domb et al9 evaluated
the role of capsular plication in patients with borderline hip
dysplasia. Their results demonstrated favorable outcomes at
2-year follow-up for an arthroscopic approach that included
labral repair augmented by capsular plication with inferior
shift for those patients at a greater risk of instability because
of borderline dysplasia. Although the aforementioned studies
highlight the importance of adequate capsular management
during hip arthroscopic surgery, there is no consensus in
the literature on the optimal closure technique or construct.

Currently, there is a paucity of literature on postopera-
tive guidelines to protect the capsular repair construct.
Cheatham et al6 performed a systematic review to evaluate

the evidence on postoperative rehabilitation programs after
hip arthroscopic surgery. They found that while prior stud-
ies supported restrictions on weightbearing and hip mobility
in the early postoperative period, specific protocols were
widely variable and limited to case series or case reports.
The biomechanical results of the present study demonstrate
that all capsular repair constructs failed at approximately
36� of external rotation, indicating that postoperative proto-
cols should include this important guideline to protect the
capsular repair. However, future clinical trials are war-
ranted to further support the inclusion of this postoperative
protocol for hip arthroscopic surgery.

We recognize that the present study has some limitations
inherent to the biomechanical cadaveric study design. Our
model is representative of the immediate postoperative
period before healing occurs, when patients are most reliant
on the strength of the capsular repair construct. The cadav-
eric specimens cannot take into account the capsular healing
process after surgery, which would likely improve the failure
torque of the repair with time. Likewise, removal of the soft
tissue could yield different final failure torques of the con-
structs; however, because this variable was kept consistent
throughout testing, it is likely that the differences observed
between the constructs would remain unaffected. Finally,
the biomechanical properties were evaluated on a dynamic
testing machine, which may not be identical to normal phys-
iological loading conditions, and the testing machine’s maxi-
mal torque of 100 N�m did not accommodate failure for some
of the 2- and 3-suture constructs.

CONCLUSION

The most important finding of this study was that the 2-
and 3-suture constructs resulted in comparable biome-
chanical failure torques when external rotation forces
were applied to conventional hip capsulotomy in a cadav-
eric model. The 3-suture construct was significantly stron-
ger than the 1-suture construct; however, there was not
a significant difference between the 2- and 3-suture con-
structs. Additionally, all constructs failed at approximately
36� of external rotation.

ACKNOWLEDGMENT

The authors thank Smith & Nephew for study funding and
in-kind donation of surgical supplies, Grant J. Dornan,
MS, for his assistance with statistical analysis, Renato
Locks, MD, for his assistance with cadaveric dissection,
and David M. Civitarese, BA, for specimen and supply
acquisition and organization.

REFERENCES

1. Asopa V, Singh PJ. The intracapsular atraumatic arthroscopic technique

for closure of the hip capsule. Arthrosc Tech. 2014;3(2):e245-e247.

2. Austin DC, Horneff JG 3rd, Kelly JD 4th. Anterior hip dislocation 5

months after hip arthroscopy. Arthroscopy. 2014;30(10):1380-1382.

3. Benali Y, Katthagen BD. Hip subluxation as a complication of arthro-

scopic debridement. Arthroscopy. 2009;25(4):405-407.

AJSM Vol. XX, No. X, XXXX Hip Capsular Closure 5

 by J. STEADMAN on September 23, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/


4. Bowman KF Jr, Fox J, Sekiya JK. A clinically relevant review of hip

biomechanics. Arthroscopy. 2010;26(8):1118-1129.

5. Bozic KJ, Chan V, Valone FH 3rd, Feeley BT, Vail TP. Trends in hip

arthroscopy utilization in the United States. J Arthroplasty. 2013;

28(8 Suppl):140-143.

6. Cheatham SW, Enseki KR, Kolber MJ. Postoperative rehabilitation

after hip arthroscopy: a search for the evidence. J Sport Rehabil.

2015;24(4):413-418.

7. Clohisy JC, Baca G, Beaule PE, et al. Descriptive epidemiology of

femoroacetabular impingement: a North American cohort of patients

undergoing surgery. Am J Sports Med. 2013;41(6):1348-1356.

8. Domb BG, Philippon MJ, Giordano BD. Arthroscopic capsulotomy,

capsular repair, and capsular plication of the hip: relation to atrau-

matic instability. Arthroscopy. 2013;29(1):162-173.

9. Domb BG, Stake CE, Lindner D, El-Bitar Y, Jackson TJ. Arthroscopic

capsular plication and labral preservation in borderline hip dysplasia:

two-year clinical outcomes of a surgical approach to a challenging

problem. Am J Sports Med. 2013;41(11):2591-2598.

10. Frank RM, Lee S, Bush-Joseph CA, Kelly BT, Salata MJ, Nho SJ.

Improved outcomes after hip arthroscopic surgery in patients under-

going T-capsulotomy with complete repair versus partial repair for

femoroacetabular impingement: a comparative matched-pair analy-

sis. Am J Sports Med. 2014;42(11):2634-2642.

11. Harris JD, Slikker W 3rd, Gupta AK, McCormick FM, Nho SJ. Routine

complete capsular closure during hip arthroscopy. Arthrosc Tech.

2013;2(2):e89-e94.

12. Hewitt JD, Glisson RR, Guilak F, Vail TP. The mechanical properties of

the human hip capsule ligaments. J Arthroplasty. 2002;17(1):82-89.

13. Kuhns BD, Weber AE, Levy DM, et al. Capsular management in hip

arthroscopy: an anatomic, biomechanical, and technical review.

Front Surg. 2016;3:13.

14. Martin HD, Savage A, Braly BA, Palmer IJ, Beall DP, Kelly B. The

function of the hip capsular ligaments: a quantitative report. Arthros-

copy. 2008;24(2):188-195.

15. Matsuda DK. Acute iatrogenic dislocation following hip impingement

arthroscopic surgery. Arthroscopy. 2009;25(4):400-404.

16. Menge T, Chahla J, Soares E, Mitchell J, Philippon M. The Quebec

City Slider: a technique for capsular closure and plication in hip

arthroscopy [published online August 29, 2016]. Arthrosc Tech. doi:

http://dx.doi.org/10.1016/j.eats.2016.04.024.

17. Myers CA, Register BC, Lertwanich P, et al. Role of the acetabular

labrum and the iliofemoral ligament in hip stability: an in vitro

biplane fluoroscopy study. Am J Sports Med. 2011;39 Suppl:85S-

91S.

18. Philippon MJ. The role of arthroscopic thermal capsulorrhaphy in the

hip. Clin Sports Med. 2001;20(4):817-830.

19. Philippon MJ, Michalski MP, Campbell KJ, et al. An anatomical study

of the acetabulum with clinical applications to hip arthroscopy.

J Bone Joint Surg Am. 2014;96(20):1673-1682.

20. Philippon MJ, Michalski MP, Campbell KJ, et al. A quantitative anal-

ysis of hip capsular thickness. Knee Surg Sports Traumatol Arthrosc.

2015;23(9):2548-2553.

21. Philippon MJ, Schenker ML, Briggs KK, Kuppersmith DA, Maxwell

RB, Stubbs AJ. Revision hip arthroscopy. Am J Sports Med. 2007;

35(11):1918-1921.

22. Pohlert T. The Pairwise Multiple Comparison of Mean Ranks Pack-

age (PMCMR) [computer program]. R package; 2014.

23. R Foundation for Statistical Computing. R: A Language and Environ-

ment for Statistical Computing [computer program]. Vienna: R Foun-

dation for Statistical Computing; 2015.

24. Ross JR, Clohisy JC, Baca G, Sink E. Patient and disease character-

istics associated with hip arthroscopy failure in acetabular dysplasia.

J Arthroplasty. 2014;29(9 Suppl):160-163.

25. Shindle MK, Ranawat AS, Kelly BT. Diagnosis and management of

traumatic and atraumatic hip instability in the athletic patient. Clin

Sports Med. 2006;25(2):309-326.

26. Telleria JJ, Lindsey DP, Giori NJ, Safran MR. An anatomic arthro-

scopic description of the hip capsular ligaments for the hip arthro-

scopist. Arthroscopy. 2011;27(5):628-636.

27. Telleria JJ, Lindsey DP, Giori NJ, Safran MR. A quantitative assess-

ment of the insertional footprints of the hip joint capsular ligaments

and their spanning fibers for reconstruction. Clin Anat. 2014;27(3):

489-497.

28. Torry MR, Schenker ML, Martin HD, Hogoboom D, Philippon MJ.

Neuromuscular hip biomechanics and pathology in the athlete. Clin

Sports Med. 2006;25(2):179-197, vii.

29. Wickham H. ggplot2: Elegant Graphics for Data Analysis. New York:

Springer; 2009.

30. Yates F. Incomplete randomized blocks. Ann Eugen. 1936;7(2):

121-140.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

6 Chahla et al The American Journal of Sports Medicine

 by J. STEADMAN on September 23, 2016ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/

