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Function of the Ligamentum Teres in Limiting Hip Rotation:
A Cadaveric Study

Hal D. Martin, D.O., Munif A. Hatem, M.D., Benjamin R. Kivlan, M.S., P.T., and
RobRoy L. Martin, Ph.D., P.T., C.S.C.S.
Purpose: The purpose of this cadaveric study was to evaluate the function of the ligamentum teres (LT) in limiting hip
rotation in 18 distinct hip positions while preserving the capsular ligaments. Methods: Twelve hips in 6 fresh-frozen
pelvis-to-toes cadaveric specimens were skeletonized from the lumbar spine to the distal femur, preserving only the
hip ligaments. Hip joints were arthroscopically accessed through a portal located between the pubofemoral and iliofemoral
ligaments to confirm the integrity of the LT. Three independent measurements of hip internal and external rotation range
of motion (ROM) were performed in 18 defined hip positions of combined extension-flexion and abduction-adduction.
The LT was then arthroscopically sectioned and rotation ROM reassessed in the same positions. A paired sample t test
was used to compare the average internal and external hip rotation ROM values in the intact LT versus resected conditions
in each of the 18 positions. P < .0014 was considered significant. Results: A statistically significant influence of the LT on
internal or external rotation was found in 8 of the 18 hip positions tested (P < .0014). The major increases in internal and
external rotation ROM occurred when the hip was in 90� or 120� of flexion. Conclusions: The major function of the LT is
controlling hip rotation. The LT functions as an end-range stabilizer to hip rotation dominantly at 90� or greater of hip
flexion, confirming its contribution to hip stability. Clinical Relevance: Ruptures of the LT contribute to hip instability
dominantly in flexed hip positions.
he morphologic characteristics and anatomic loca-
Ttion of the ligamentum teres (LT) in the hip joint
suggests that it has a contribution to hip stability.
However, the function of the LT in hip stabilization has
been debated since the 19th century1-3 and is still
controversial. There is a lack of information regarding
the function of this ligament in limiting hip motion in
different hip positions. This fact is relevant because hip
instability is increasingly being considered an element
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in abnormal joint kinematics, labral tears, and hip
pain.4-7

Previous studies tested the LT function with the hip
capsular ligaments removed,8-10 although these liga-
ments have a fundamental role in hip stabiliza-
tion.3,11,12 A string model study reproducing the LT
excursion in various hip positions found this ligament
to have the greatest excursion when the hip was
externally rotated in flexion and internally rotated in
extension.8 A cadaveric study reported that the LT
stabilizes the femoral head inferiorly as the hip joint is
moved into a combined position of flexion and abduc-
tion.9 Another study tested the influence of the LT in
limiting flexion-extension and abduction-adduction
while preserving the hip capsular ligaments and re-
ported that the LT had a modest effect in limiting hip
adduction.13 The study did not test the influence of the
LT in hip rotation.13 However, the morphologic features
of the origin and insertion of the LT indicates that this
ligament becomes tight with hip rotation.8-10

An association between LT tears and labral tears has
been described14,15 and may be related to the increased
strain within the labrum16 caused by increased rotation
range of motion (ROM). Ruptures of the LT have also
been related to femoroacetabular impingement and hip
ery, Vol 30, No 9 (September), 2014: pp 1085-1091 1085
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Fig 1. (A) Anteroposterior view of the
pelvis secured with holding pins. (B)
Side view with the hips flexed.

Fig 2. Arthroscopic access to the hip joint. A 4.5-mm
arthroscopic cannula inserted lateral to the pubofemoral lig-
ament (arrow) and medial to the iliofemoral ligament
(arrowhead) is seen.
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instability.15,17 There is a lack of studies testing the
function of the LT in limiting hip rotation with preser-
vation of the capsule function. The purpose of this
cadaveric study was to evaluate the function of the LT
in limiting hip rotation in 18 distinct hip positions with
the influence of the capsular ligaments. The hypothesis
of this study was that transection of the LT would in-
crease internal and external rotation ROM in 18 hip
positions.

Methods

Specimens
Twelve hips in 6 fresh-frozen pelvis-to-toes cadaveric

specimens were skeletonized from the lumbar spine to
the distal femur, preserving the hip ligaments. The
specimens were thawed to room temperature before
the experiments. Eight hips were from male donors and
4 hips were from female donors. The average age of
donors was 72.3 years (range, 56 to 87 years) at the
time of death. Each specimen was positioned with the
pubic symphysis on the same horizontal plane as both
anterior superior iliac spines, securing the pelvis with
holding pins (Fig 1). Fluoroscopic and physical exami-
nations of the hip, pelvis, and spine were performed to
ensure no occult pathologic state existed. Exclusion
criteria comprised deformities that restricted motiond
such as signs of arthrosis, gross cam deformity, coxa
profunda or protrusio, osseous pathologic processes, or
surgical interventiondas well as an abnormal McKib-
bin’s index greater than 60 or less than 20.18 All hips
were submitted to 3 cycles of mobilization to maximal
extension, flexion, abduction, and adduction. A 4.5-
mm cannula and an arthroscopic probe were inserted
lateral to the pubofemoral ligaments and medial to
the iliofemoral ligaments, adjacent or through the
communication between the psoas bursa and hip joint
(Fig 2). A 70� arthroscope was used without irrigation
for the arthroscopic examination of each specimen,
which was completed under manual distraction of the
hip, assessing dynamically the integrity of the LT and
cartilage of the acetabulum and femoral head (Video 1,
available at www.arthroscopyjournal.org). The LT was
intact in all specimens.

Measurement and Hip Positions
A frame was constructed to hold the lower extremity

in each measurement position while allowing unob-
structed hip rotation (Fig 3). After the arthroscopic
examination, 3 independent measures of internal ROM
and 3 of external ROM were made in 18 different hip
positions using a standard goniometer technique,19

with a limb of the goniometer positioned vertically
and the other aligned with the tibial tuberosity and
anterior border of the tibia (Fig 4). The hip positions
consisted of a combination of abduction-adduction (25�

abduction, 0� abduction-adduction, and 10� adduction)

http://www.arthroscopyjournal.org


Fig 3. (A) Anteroposterior view of the
frame supporting the lower limbs with
the hip in the position of extension-
flexion. Clamps were used to maintain
the hip in the position of abduction-
adduction. (B) Bubble and standard
goniometers were used to confirm the
hip position in extension-flexion and
abduction-adduction.
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and extension-flexion (10� extension, 0� flexion-
extension, and 30�, 60�, 90�, and 120� of flexion).
Each of the 18 measurement positions was confirmed
with standard and bubble goniometers. The order of
positioning in the sagittal plane was alternated so that 6
hips were initially positioned at 10� extension and
ended in 120� flexion, whereas the other 6 hips were
initially at 120� flexion and ended in 10� extension.
Positioning in the frontal plane was done in a consistent
order: 25� abduction to 10� adduction.
After these measures were completed, the joint was

again arthroscopically inspected for abnormalities,
confirming the integrity of the LT. Arthroscopic scissors
were inserted adjacent to the arthroscope through the
same portal and the LT was then cut (Video 1, available
at www.arthroscopyjournal.org). The measurements
were repeated in the 18 hip positions as previously
described. A total of 216 measurements were per-
formed in each hip: 108 before cutting the LT and 108
after cutting the LT. Next, the internal and external hip
rotation ROM with the LT intact was compared with
the internal and external rotation after the resection of
this ligament for each of the 18 hip positions. All hip
rotation maneuvers were performed by a single
examiner and all measurements were performed by
another single examiner. The hip capsule was inter-
mittently irrigated with saline throughout the experi-
ment in all specimens. After ROM testing, the hip joint
Fig 4. Measurement of hip internal and
external rotation. (A) Anteroposterior
view showing a limb of the goniometer
positioned vertically and the other
aligned with the tibial tuberosity and
anterior border of the tibia. (B) Side
view with hips flexed at 30�.
was opened to confirm the section of the LT and assess
the labrum. No labral tear was identified on the
superior/extra-articular surface of the labrum, with
normal relations between the labrum and femoral
head. Smaller than 1-cm intrasubstance degenerative
tears were found in the inner/articular surface of the
labrum in most hips. Finally, the femoral and acetab-
ular version of each specimen was measured.

Reliability Analysis
Reliability of the internal and external rotation mea-

surements was assessed in 2 ways. First, after all the
measurements were taken in the first specimen, the 2
hips were repositioned in neutral flexion-extension.
Measurements of internal and external rotation were
repeated in adduction, neutral abduction-adduction,
and abduction using the technique previously
described. The reliability assessing our precision with
repositioning and repeated measurement was good,
with an intraclass correlation coefficient (ICC [2,1]) of
0.89 and standard error of measure of 2�. The minimal
detectable difference (MDD) of the measurement
technique was quantified by multiplying the standard
error of measure by O2 and constructing a 95% confi-
dence interval.20 The MDD95 was found to be �6�.
Second, an ICC (2,1)21 was calculated using the first
and third measurements of internal and external rota-
tion in each of the 18 positions in the 12 specimens.

http://www.arthroscopyjournal.org


Fig 5. Comparison of internal rotation
with the ligamentum teres (LT) intact
(dark columns) and after cutting the LT
(light columns) in 18 hip positions.
(Abd, abduction; Add, adduction; Ext,
extension; Flex, flexion; *, significant
P < .0014.)
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Excellent test-retest reliability was identified with an
ICC value of 0.99.

Statistical Analysis
The averages of the 3 measures of internal and

external rotation in each of the 18 positions were used
for analysis. Thirty-six paired t tests were performed
comparing ROM with the LT intact and nonintact
conditions. Alpha was set at 0.05 and adjusted with the
Bonferroni correction to 0.0014 to prevent type I error
associated with the 36 comparisons.

Results
The average internal and external ROM values in the

18 positions for the intact and nonintact LTs are
presented in Figs 5 and 6, respectively. An increase in
internal or external rotation ROM was observed in all
hip positions after the LT was resected, with a greater
than 6� increase detected in 11 of the 18 positions. The
LT significantly influenced internal or external rotation
ROM, or both, in 8 of the 18 hip positions tested (P <
.0014). Of the 8 positions, 6 encompassed 90� or 120�

of hip flexion. Internal rotation was limited in 5 posi-
tions, external rotation was limited in 5 positions, and
both were limited in 2 positions (Table 1).
Regarding the version of the acetabulum and femoral

neck measured after tests were completed, the mean
version of the femoral neck was 11.7 (95% confidence
interval, 8.81� to 14.68�) and themean acetabular version
was 14.5� (95% confidence interval, 11.66� to 17.33�).
Fig 6. Comparison of external rotation
with the ligamentum teres (LT) intact
(dark columns) and after cutting the LT
(light columns) in 18 hip positions.
(Abd, abduction; Add, adduction; Ext,
extension; Flex, flexion; *, significant
P < .0014.)



Table 1. Difference in Hip Rotation Between Intact and Nonintact Ligamentum Teres

Hip Position in
Flexion-Extension Hip Position in Abduction-Adduction Rotation Mean ROM Difference Intact to Nonintact LT* P Value

10� extension Adduction Internal rotation 5� (2.74�-7.26�) .002
External rotation 2� (�1.39�-5.39�) .246

Neutral Internal rotation 6� (2.61�-9.39�) .005
External rotation 2� (�3.09�-7.09�) .438

Abduction Internal rotation 5� (2.17�-7.83�) .022
External rotation 9� (2.78�-15.22�) .030

0� flexion Adduction Internal rotation 4� (1.74�-6.26�) .001y
External rotation 5� (1.61�-8.39�) .012

Neutral Internal rotation 4� (�0.53�-8.53�) .073
External rotation 7� (2.47�-11.53�) .014

Abduction Internal rotation 4� (1.74�-6.26�) .006
External rotation 8� (4.04�-11.96�) .005

30� flexion Adduction Internal rotation 4� (1.17�-6.83�) .021
External rotation 3� (�0.39�-6.39�) .132

Neutral Internal rotation 3� (�0.39�-6.39�) .104
External rotation 6� (2.61�-9.39�) .008

Abduction Internal rotation 3� (�0.39�-6.39�) .102
External rotation 8� (2.34�-13.66�) .018

60� flexion Adduction Internal rotation 0� (�4.53�-4.53�) .981
External rotation 6� (3.17�-8.83�) .003

Neutral Internal rotation 5� (2.17�-7.83�) .006
External rotation 3� (�2.09�-8.09�) .314

Abduction Internal rotation 12� (6.91�-17.09�) <.0005y

External rotation �3� (�4.36�-10.36�) 0.476
90� flexion Adduction Internal rotation 7� (3.61�-10.39�) .002

External rotation 9� (6.17�-11.83�) <.0005y

Neutral Internal rotation 9� (5.61�-12.39�) <.0005y

External rotation 7� (5.30�-8.70�) <.0005y

Abduction Internal rotation 10� (6.04�-13.96�) <.0005y

External rotation 3� (�2.09�-8.09�) .258
120� flexion Adduction Internal rotation 11� (4.78�-17.22�) .011

External rotation 17� (11.34�-22.66�) <.0005y

Neutral Internal rotation 11� (6.47�-15.53�) .002
External rotation 18� (12.91�-23.09�) <.0005y

Abduction Internal rotation 11� (8.17�-13.83�) <.0005y

External rotation 16� (11.47�-20.53�) <.0005y

LT, ligamentum teres; ROM, range of motion.
*The 95% confidence interval is given in parentheses.
yP < .0014.
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Discussion
The present study supports a stabilization function for

the LT in the hip when capsular ligaments are pre-
served. A statistically significant influence of the LT on
internal or external rotation was found in 8 of the 18
hip positions tested (P < .0014). Although the sample
size may have influenced the statistical significance, an
increase in internal or external rotation was observed in
all hip positions after the LT was resected. There was a
trend for the LT contribution in limiting rotation as the
degree of hip flexion increased. This observation is
logical considering that the medial and lateral arms of
the iliofemoral ligament become lax in hip flexion.11

Furthermore, the effects of the LT in limiting rotation
were more evident when the hip was flexed at 90� and
120� (Table 1).
A previous cadaveric study also reported a stabilization

function of the LT when the hip was placed in more than
90� of flexion, more specifically in a squat position.9
Testing 8 hip specimens, that study reported that the LT
prevented femoral head anteroinferior subluxation
whenhipswere, on average, in 100� offlexion and 20� of
abduction. A stringmodel study has also shown the LT to
have the greatest excursion when the hip was externally
rotated in flexion.8 These findings may be particularly
important in individuals engaged in activities requiring
high degrees of flexion and external rotation, e.g., dance,
ballet, wrestling, martial arts, baseball, and playing goal
in hockey. The LT may be even more important in in-
dividuals with capsular laxity and osseous risk factors for
instability,8,22 particularly when a hypoplastic ante-
roinferior acetabular wall predisposes to hip instablility.8

The LT function should also be considered in the path-
ogenesis of femoroacetabular impingement. The levering
mechanism associated with the impingement in flexion
may lead to inferior hip instability23 in patients without
restraining bone morphologic characteristics. Consid-
ering that the LT stabilizes the hip joint in flexion, tears of
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the LT may be caused by femoroacetabular impinge-
ment or may contribute to hip joint degeneration and
instability. Concomitant tears of the labrum and LT
tears have been reported14,15 and may be related to the
influence of the LT in the pathogenesis of femo-
roacetabular impingement. The increased hip rotation
in the case of LT deficiency may also explain the asso-
ciation with labral tears caused by increased strain in
the labrum.16,24

The present study also found the LT to limit internal
rotation when the hip was in 0� of flexion and in 10� of
adduction. This finding is in agreement with a previous
study performed in a string model with plastic bones.8

This function of the LT may be important in activities
such as golf, soccer, and kicking in American football,
which embrace movements with the hip in extended
and adducted positions.
Another study investigated the influence of the LT in

restricting hip motion after its arthroscopic section in
cadavers.13 Hip flexion-extension and adduction-
abduction ROM was tested in 7 hips before and after
LT resection. The authors reported no significant
change on the flexion-extension ROM and a modest
increase of 3.5� on abduction-adduction motion.
However, the authors did not test the influence of the
LT in hip rotation and used uniplanar mobilization of
the hip.
In addition to limiting hip motion, other relevant

functions have also been suggested for the LT. A noci-/
proprioception function of the LT is indicated by the
presence of free nerve endings in this ligament.25,26 The
LT may also restrict the lateralization of the femoral
head, which would be particularly important in
dysplastic hips with increased shearing forces.27,28 This
function is comparable to the inferior stabilization effect
of the LT, especially in hip flexion, abduction, and
external rotation,9 in which the floor of the acetabulum
would represent the roof.
The uncertainty regarding the LT function reflects the

variable importance given by different authors. The
most used technique for open surgical treatment of
femoroacetabular impingement includes disruption of
the LT.29 Additionally, excision of a hypertrophic LT
was traditionally performed in open reduction of hip
dysplasia in pediatric patients.30,31 However, other au-
thors have considered the importance of the LT in hip
function and its maintenance in children with hip
dysplasia.27,28

The major strength of the present study includes
assessment of the LT function while preserving other
hip ligaments, in which the influence should be
considered in a practical in vivo scenario. Another
strength is the inclusion of a broad spectrum of 18 hip
positions from hip extension to 120� of flexion. This
diversity of hip positions reproduces the variable posi-
tion assumed by the hip in daily and physical activities.
Limitations
This biomechanical cadaveric study presents a number

of limitations. First, all soft tissue superficial to the hip
capsular ligaments was removed from the specimens.
These structures offer stability to the hip joint and in-
fluence ROM, particularly in an in vivo scenario with
dynamicmuscular action. Nevertheless, if the soft tissues
were preserved, significant damage to the capsular lig-
aments would be necessary to evaluate and section the
LT. Second, the donors were 56 to 87 years at the time of
death. The difference in biomechanics of younger liga-
ments could affect the relative interaction between the
LT and the capsular ligaments. Third, the tests were
performed without reproducing the weight-bearing
forces, which could also influence the ROM and func-
tion of the LT. Additionally, maximal internal and
external rotation of the hip was performed manually
without an objective control of the applied force. How-
ever, given the results of the reliability analyses and the
accuracy of the measurements in this study, varying
amounts of force applied by the examiner did not seem
to be problematic. Finally, an electronic tracking system
could assist in positioning and measuring hip motion.
Although a sophisticated measurement system might
add more precision to the measurements, the MDD
value of �6� seems clinically relevant.

Conclusions
The major function of the LT is controlling hip rota-

tion. The LT functions as an end-range stabilizer to hip
rotation dominantly at 90� or greater of hip flexion,
confirming its contribution to hip stability.
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