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Labral Injury: Radiographic Predictors at the Time
of Hip Arthroscopy

John M. Redmond, M.D., Asheesh Gupta, M.D., Jon E. Hammarstedt, B.S.,
Christine E. Stake, M.A., Kevin F. Dunne, B.S., and Benjamin G. Domb, M.D.
Purpose: The purpose of this study was to investigate the influence of multiple demographic and radiographic findings on
the size of labral tears identified at the time of hip arthroscopy. Methods: Data were prospectively collected for patients
treated with arthroscopic labral repair or debridement from February 2008 to August 2011. Preoperative radiographic and
demographic data were collected for 392 patients during the study period. Exclusion criteria included revision surgery and
previous hip conditions. An anteroposterior pelvic view, 45� Dunn view, and false-profile view were used to measure
Tönnis grade, neck-shaft angle, alpha angle, lateral center edge angle (LCEA), anterior center edge angle (ACEA),
acetabular inclination, and the extent of crossover sign when present. At the time of surgery, labral tear size and location
were documented for all patients, using traditional acetabular clock face nomenclature for sizing. A multiple linear
regression analysis was then performed to assess the correlation of radiographic and demographic findings with the size of
the labral tear. Results: Regression analysis displayed statistical significance for sex (P < .0001), age (P < .0001), and
alpha angle (P ¼ .005) with labral tear size. For female patients, Tönnis grade (P ¼ .0004) and neck-shaft angle (P ¼ .004)
correlatedwith labral tear size. Thismodel accounted for only 26%of variation in labral tear size.Conclusions: Preoperative
risk factors for the extent of labral tear size aremale sex, increasing age, and increasing alpha angle. Labral tears were larger in
female patients with higher Tönnis grades and lower neck-shaft angles. Measurements of acetabular coverage and version
showed no correlation with labral tear size. The majority of labral tear size variation was not accounted for in this model.
Level of Evidence: Level IV, therapeutic case series.
emoroacetabular impingement (FAI) and hip
Fdysplasia are frequently seen in young adults with
hip pain.1-3 FAI results from abnormal bony contact
between the femoral head-neck junction against the
acetabulum and has been divided into cam and pincer
morphologic types.1,2 Hip dysplasia results in structural
instability and acetabular rim overload.4 Both of these
conditions may contribute to an environment that leads
to labral and chondral damage.
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Early chondrolabral damage precedes joint space
narrowing, and multiple radiographic parameters have
been proposed as possible predictors of chondrolabral
injury.5,6 The extent to which radiographic findings
correlate with premature joint damage is not fully un-
derstood. There are studies in the literature that note a
correlation between radiographic findings and chon-
drolabral pathologic processes as well as studies that are
unable to detect a correlation.7-10 Additionally, radio-
graphic findings of FAI are highly prevalent among an
asymptomatic population.11,12 Murphy et al.13 have
also shown that dysplasia frequently leads to degener-
ative changes in the hip.
The clinical examination remains imperative when

evaluating young patients with hip disease; however,
demographic and radiographic risk factors for chon-
drolabral damage may help guide treatment. Knowl-
edge of radiographic risk factors for chondrolabral
damage may help tailor bony correction during FAI and
dysplasia treatment. The purpose of this study was to
investigate the influence of multiple demographic and
radiographic findings on the size of labral tears identi-
fied at the time of hip arthroscopy. We hypothesized
that increased age, increased Tönnis grade, increased
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Fig 1. Acetabulum with clock face. The 3 o’clock position is
the most anterior and the 9 o’clock is the most posterior.
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alpha angle, decreased lateral center edge angle
(LCEA), decreased anterior center edge angle (ACEA),
increased crossover percentage, increased acetabular
inclination, and decreased neck-shaft angle would all
correlate with labral injury.

Methods
A retrospective cross-sectional study was performed

in patients treated with arthroscopic labral repair or
debridement from February 2008 to August 2011. In-
clusion criteria were patients undergoing arthroscopic
labral treatment who had radiographic measurements
entered into our database. At the time of this study,
patients who completed 2-year follow-up triggered
radiographic review and input into our database. This
does not represent a consecutive series of patients.
Exclusion criteria were revisions and patients with
previous hip conditions such as Legg-Calves-Perthes
disease and avascular necrosis. Demographic data
were recorded for age and sex. Our institutional review
board approved this study. Radiographic and de-
mographic data were collected preoperatively on 392
patients. An anteroposterior pelvic view, 45� Dunn
view, and false-profile view were used for radiographic
measurements.

Indications for Surgery
Clinically, all patients had signs and symptoms of a

labral tear for longer than 3 months for which nonop-
erative treatment failed. Signs and symptoms of a labral
tear included groin pain, pain surrounding the hip, and
positive impingement test results. Nonoperative treat-
ment included a minimum of 6 weeks of physical
therapy. Before surgery, all patients underwent plain
radiography, as described earlier.5 Patients also under-
went preoperative magnetic resonance imaging or
magnetic resonance imaging arthrography to confirm
labral pathologic processes.

Surgical Technique
All surgical procedures were performed by the senior

author (B.G.D.) with the patient in the modified supine
position using a minimum of 2 portals.14,15 After
establishment of portals and capsulotomy, diagnostic
arthroscopy of the hip joint was performed, which
included measuring the size of the labral tear.

Data Recording
At our institution, a detailed intraoperative data sheet

is recorded for all patients undergoing hip arthroscopy.
At the time of surgery, labral tear size was documented
for all patients, using traditional acetabular clock face
nomenclature to determine size and location of the
tear (Fig 1).10 Labral tears were described using the
Seldes classification, with type 1 tears being separation
at the chondrolabral junction, and type 2 tears being
intrasubstance damage.16 To describe the position of the
labral tear, the acetabulum is divided into 12 sectors
corresponding to a clock face.10 Three o’clock repre-
sents the most anterior aspect of the acetabulum and 12
o’clock is the most superior. Labral tear size was
documented by recording the number of sectors
involved in the tear. For example, a tear from 12
o’clock to 3 o’clock involved 3 sectors. Tears were
measured in half-sector increments, and no attempt
was made to measure tear size in smaller increments.

Radiographic Measurements
At our institution, radiographic data on all patients

undergoing hip arthroscopy are recorded after 2-year
follow-up by hip preservation fellows. The measure-
ments were taken by multiple readers; however, pre-
vious interobserver reliability has been shown for our
group.17 Using the anteroposterior pelvis radiograph,
the LCEA, acetabular inclination, acetabular crossover,
and femoral neck-shaft angle were measured.5 When a
crossover sign was present, we estimated the percent of
crossover by dividing distance from the superior ace-
tabulum to the point of intersection of the anterior and
posterior wall by the entire length of the posterior wall.
This was done to gauge the amount of acetabular
retroversion. A 45� Dunn view was used to measure the
alpha angle.5 A false-profile view was used to measure
the ACEA.5

Statistics
The simultaneous influence of the 9 potential pre-

dictors on size was assessed using backward stepwise
linear regression with a liberal P < .10 variable



Table 1. Study Group Demographics

Sex

Age, y (range)Male Female

160 232 37.7 (14.2-76.4)

Table 2. Statistical Metrics for the Dependent Variable (Labral
Tear Size) and 8 of 9 Predictor Variables

Count Average Range SD

Labral tear size 2.9 0.0-7.0 1.3
Age 392 37.7 14.2-76.4 14.3
Tönnis grade 392 0.4 0.0-3.0 0.6
Neck-shaft angle 367 130.3 122.0-141.0 2.8
Alpha angle 376 59.8 32.0-105.0 12.5
LCEA 392 29.8 11.0-49.0 6.2
Acetabular inclination 392 4.4 �11.0-20.0 4.9
ACEA 206 30.4 3.0-55.0 8.5
Crossover % 389 14.9 0.0-65.0 17.1

ACEA, anterior center edge angle; LCEA, lateral center edge angle;
SD, standard deviation.
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retention criterion. All possible 2-way interactions
among the variables were considered except those with
ACEA. Knotted splines were fit for LCEA and ACEA
to allow for a nonmonotone association because these
variables were expected to have nonmonotone re-
lations with size. Resampling (“bootstrap”) estimates of
the final regression coefficients and their standard er-
rors were computed and compared with the usual (least
square) estimates to determine if the usual estimates
were consistent.
Results

Radiographs
The study included 392 patients with hip radiographs.

There were 160 male patients (mean age, 40.2 years;
range, 15.7 to 74.9 years) and 232 female patients
(mean age, 36.0 years; range, 14.2 to 76.4 years). Pa-
tient demographic data are detailed in Table 1. The
mean labral tear size was 2.9 � 1.2 clock sectors (Fig 2).

Multiple Linear Regression
Statistical data for each category are detailed in

Table 2. Regression analysis displayed statistical signif-
icance for sex (P < .0001), age (P < .0001), and alpha
angle (P ¼ .005) with labral tear size. For female pa-
tients, Tönnis grade (P ¼.0004) and neck-shaft angle
(P ¼ .004) correlated with labral tear size (Table 3). No
correlation between labral tear size and LCEA, ACEA,
acetabular inclination, or extent of crossover sign was
seen. Adjusting for all variables in the model, male
patients exhibited a larger labral tear of 0.51 sectors
(P ¼ .001) when compared with tears of female
patients.
Fig 2. Histogram for labral tear size determined intra-
operatively for the study cohort of 392 patients.
The mean age of all patients in the study was
37.7 years, with the youngest patient being 14.2 years
and the oldest patient being 76.4 years. The multivar-
iate regression statistical model suggests a positive cor-
relation between age and labral tear size. An increase in
age by 1 year for male patients and female patients
correlates to an increase in labral tear size of 0.02 sec-
tors (P < .0001) and for an increase in age of 25 years,
the labral tear size increased 0.5 sectors.
Of the 392 patients in the study, the mean alpha angle

was 59.8�, with a low of 32� and a high of 105�. The
statistical model suggested that as the alpha angle in-
creases by 1�, the size of the labral tear increases by
0.016 sectors (P ¼ .005). In other words, for every 10�

change in alpha angle, the tear size increases 0.16 sec-
tors. The positive relationship between alpha angle and
an increase in labral tear size was not sex dependent.
There were 267, 110, and 14 patients in the study

group with Tönnis grades of 0, 1, and 2, respectively.
One patient had a Tönnis grade of 3. The statistical
model suggests a positive relation between Tönnis
grade and size of labral tear. For female patients, an
increase in the Tönnis grade by one increases labral tear
size by 0.66 sectors (P ¼ .0004). Male patients displayed
a similar positive trend, with an increase in Tönnis
grade increasing the size of the labral tear by 0.22
sectors; however, there was no statistical significance
(P ¼ .165).
The 232 female patients in the study had a mean

neck-shaft angle of 130.4�, with a low of 122� and a
high of 141�. For female patients, an inverse relation-
ship was seen, because the size of the labral tear
decreased by a mean of 0.09 sectors for an increase in
1� of the neck-shaft angle (P ¼ .0044). To the contrary,
for male patients, the size of the labral tear displayed no
statistical significance with neck-shaft angle. Of the 160
male patients in the study, the mean neck-shaft angle
was 130.2�, with a high of 138� and a low of 122�.

Variation
This model using the factors described accounts for

only about 26% of the variation in size (R2 ¼ 0.264),



Table 3. Multivariate Linear Regression Model Comparing 9
Variables

Predictor
Effect of Labral

Tear Size
Standard
Error

P
Value

Age (per year) 0.0203 0.005 <.0001
Male/female difference 0.510 0.134 <.0001
Alpha angle (per degree) 0.016 0.006 .0050
Tönnis grade, female 0.656 0.182 .0004
Tönnis grade, male 0.216 0.155 .1648
Neck-shaft angle, female �0.092 0.032 .0044
Neck-shaft angle, male 0.019 0.034 .5711
Acetabular inclination .2802
LCEA .3004
ACEA .7723
Crossover .3073

ACEA, anterior center edge angle; LCEA, lateral center edge angle.
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i.e., most of the variation in labral tear size is not
accounted for by these factors.

Discussion
In this study we were able to identify several preop-

erative variables that correlated with labral tear size:
male sex, age, and alpha angle. Labral tears were larger
in female individuals with higher Tönnis grades and
lower neck-shaft angles. In addition to a thorough
clinical examination of young patients with hip disease,
radiographic analysis is key to understanding the
mechanism of impingement or dysplasia. Most labral
tears occur in the setting of radiographic abnormalities,
and failure to address abnormal bony morphologic
processes during hip preservation surgery has been
shown to be a risk factor for revision surgery.18,19 The
current study correlates radiographic findings with the
amount of labral damage at the time of arthroscopy.
The major findings of this analysis are that femoral
morphologic characteristics correlated with labral tear
size more than acetabular morphologic characteristics.
We found no correlation for labral tear size when
evaluating acetabular coverage or version. Cam lesions
and, in female patients, femoral neck-shaft angle were
independent risk factors for labral tear size. Male in-
dividuals tended to have larger labral tears. We also
found that most of the variation in labral tear size could
not be predicted by the markers we evaluated.
Cam lesions have been associated with hip pathologic

processes since the introduction of “pistol grip” and
“head tilt” deformities.20,21 Johnston et al.8 evaluated
the relationship between the size of cam lesions and the
presence of cartilage and labral damage. Larger cam
lesions were associated with full-thickness chondral
defects and labral detachment. In this article, the au-
thors also noted that as a patient’s alpha angle
increased, so did the amount of chondral damage. In
another recent study by Van Thiel et al.,22 patients
younger than 50 years of age undergoing total hip
arthroplasty were more likely to have a larger alpha
angle than were patients older than 50 years. Our study
essentially confirms these findings, although we used
labral tear size as a marker for the degree of injury.
The femoral neck shaft angle has been evaluated as a

predictor of hip pathologic conditions. In a study by
Guevara et al.,23 no correlation was seen between pa-
tients with labral tears and a control group for neck-
shaft angle. However, Ranawat et al.24 noted hip
symptoms in patients with decreased hip neck-shaft
angle compared with asymptomatic patients. The cur-
rent study also identified larger labral tears in female
individuals with lower neck-shaft angles, although this
was not seen in male individuals. In patients with low-
grade hip dysplasia, the femur often shows coxa valga
and increased anteversion.25 The current study found
coxa vara to be associated with larger tears in female
patients; it therefore seems unlikely that the mecha-
nism of labral tears in this cohort was caused by
dysplasia. Patients with coxa vara may be more pre-
disposed to femoral retroversion and therefore
impingement.26 Further study is needed to quantify this
relationship.
Kappe et al.9 compared radiographs to surgical find-

ings in 123 hips undergoing surgery for FAI. All patients
in this series underwent femoral osteoplasty through an
open surgical hip dislocation or an anterior approach to
the hip. Radiographic analysis included LCEA, inclina-
tion of the acetabulum, lateral head extrusion index,
acetabular retroversion, neck-shaft angle, alpha angle,
femoral offset, Tönnis grade, and Kellgren and Law-
rence grade. In this study, 55% of patients had a labral
tear and only the degree of osteoarthritis and age
correlated with labral pathologic conditions. The cur-
rent study also found a correlation between age and
Tönnis grade with labral tear size. However, we also
detected a radiographic correlation with labral tear size
for alpha angle and, in female individuals, neck-shaft
angle. It should be noted that all patients in the cur-
rent study underwent hip arthroscopy, which, in our
opinion, is likely more sensitive than open surgical hip
dislocation or an anterior approach for detecting
chondrolabral pathologic processes.27

In the current study, male patients tended to have
larger labral tears than did female patients, controlling for
all other radiographic risk factors. Although male in-
dividuals have been shown to have a higher degree of
cam lesions and less anteversion, the current study
controlled for the effect of alpha angle and still noted
larger tears in the male patients.28 It is possible that
relative femoral retroversion plays a role in men having
larger labral tears; however, further research is necessary.
In the current study, age and Tönnis grade also

correlated with labral tear size. Because labral tears
have been considered a precursor to hip osteoarthritis,
the correlation between labral tear size and Tönnis
grade is not surprising.29 Age likely reflects a longer
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exposure to conditions such as FAI and dysplasia and
again is not a surprising correlation.
This study found a number of risk factors for labral

tear size. We used this end point as a surrogate for the
amount of intra-articular damage; however, we realize
this is debatable and does not include extent of chon-
dral injury. It should be noted that the risk factors in
this model accounted for only 26% of variation in labral
tear size. That said, the risk factors can be used clinically
to counsel patients. For example, male individuals with
large alpha angles might be expected to have greater
intra-articular damage at the time of hip arthroscopy,
and this may alter the postoperative course.
The strengths of the current study include the largest

correlation between arthroscopic and radiographic risk
factors in the literature. A multivariate regression
analysis was performed, which allowed age, Tönnis
grade, and sex to be controlled for when evaluating
femoral and acetabular morphologic risk factors.

Limitations
This study has several limitations. First, we looked at

9 variables in the multiple linear regression. These
variables accounted for only 26% of variation in this
model, and obviously other factors, which we did not
identify, play a large role in labral injury. Clearly, there
are other radiographic variables that play a role in FAI
and dysplasia. It is likely that femoral version plays a
role in determining labral tear size; however, 3-
dimensional imaging of the femoral axis was unavai-
lable for many of the patients in this study. Second,
multiple readers measured radiographs over a period of
years. This did allow us to include a large number of
patients, and other studies have shown reliability be-
tween readers.23,24 Third, this represents a nonuniform
group of patients undergoing hip arthroscopy in our
database. The labral tears are caused by FAI, borderline
dysplasia, traumatic injury, and ligamentous laxity.
Finally, to our knowledge, the ability to measure labral
tear size arthroscopically has not been validated.

Conclusions
Preoperative risk factors for the extent of labral tear

size are male sex, age, and alpha angle. Labral tears
were larger in female individuals with higher Tönnis
grades and lower neck-shaft angles. Measurements of
acetabular coverage and version showed no correlation
with labral tear size. Most labral tear size variation was
not accounted for in this model.
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