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ABSTRACT

We aimed to compare clinical and radiologic outcomes in patients with cam-type femoroacetabular impingement (FAI), with and without a
partial ligamentum teres (LT) tear, who underwent hip arthroscopy (HA) with ≥10 years of follow-up. Among the patients who underwent
HA for a cam-type FAI diagnosis with a labral tear, 28 patients (28 hips) with a partial LT tear and 87 patients (99 hips) with an intact LT were
assigned to Groups A and B, respectively. All patients underwent partial labral debridement and femoroplasty. Debridement and thermal shrink-
age were performed for LT tears. The grade of chondral damage was measured intraoperatively. Clinical items were assessed preoperatively and
at the last follow-up. Patients’ satisfaction with the surgery and changes in postoperative sports ability in those who had previously been active
in sports were assessed at the last follow-up. The Tönnis grade was assessed preoperatively and at the last follow-up for radiologic evaluation.
Chondral damage to the acetabular and femoral head detected intraoperatively was significantly different between the groups (P= 0.005 and
P < 0.001). At the last follow-up, Group A patients experienced more difficulty performing sports activities than Group B patients (P= 0.056),
and significantly, more Group A patients had stopped exercising despite their active participation in sports preoperatively (P= 0.002). Regard-
ing the Tönnis grade, significant differences were found only at the final follow-up (P= 0.020). Patients with partial LT tear showed a higher
grade of chondral damage, experienced decreased exercise capacity and had significantly worsened Tönnis grades, suggesting hip osteoarthritis
progression compared to those with an intact LT.

INTRODUCTION
Studies on the function of the ligamentum teres (LT) were first
published in the 19th century [1]. With the development of hip
arthroscopy (HA) in recent decades, interest in and the impor-
tance of the function and role of the LT has been gradually
emphasized [2, 3]. Leunig et al. [4] have reported that the LT
possesses a freenerve ending that is responsible for pain, pressure
and deep sensation. The LT is known to help distribute synovial
fluid into the joint and plays an important role in enhancing hip
stability [5, 6]. The role of LT for the biomechanics and func-
tion of the hip joint has not been fully described in the literature,
and studies on the relationship between LT injury and hip joint
injury are lacking.

A match-controlled study by Maldonado et al. [7]
has found that among patients who underwent HA due to
femoroacetabular impingement (FAI) and labral tear, those

with a complete rupture of the LT had a 3-fold increase in
the relative risk of undergoing total hip arthroplasty (THA)
compared to those with an intact LT. However, The HA
debridement procedure has shown excellent short-term results
by reducing pain and improving the function of partial LT
tears [8–10]. However, no studies have reported clinical and
radiologic results of the long-term effects of partial LT tears
[11, 12].

Given that the LT contributes to the hip joint stability, we
hypothesized that patients with a partial LT tear would develop
hip osteoarthritis earlier than those with an intact LT. Therefore,
we designed a retrospective case–control study of patients who
underwent HA with ≥10 years of follow-up. Considering that
isolated LT tears are rare [9], we reviewed the patients who had
undergoneHA for FAI with labral tear and divided them accord-
ing to LT tear. Furthermore, intraoperative chondral damage,
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clinical outcomes andhip osteoarthritis progression according to
simple radiographs were analyzed.

MATERIALS AND METHODS
Patient selection

This study was approved by the institutional review board, and
the requirement for informed consent was waived due to the ret-
rospective nature of the study. The study was performed accord-
ing to the ethical standards of the Declaration of Helsinki.

Between January 2005 and December 2009, a total of 205
hips in 188 patients aged ≥18 years who received HA for cam-
type FAI with a labral tear were included. Cam-type FAI was
defined as an alpha angle of ≥57◦ on preoperative computed
tomography (CT) scan. After a review of the clinical charts and
radiologic images, 73 patients with the following history were
excluded from the study: (i) childhood hip disorder (slipped
capital femoral epiphysis, Legg–Calve–Perthes disease and dys-
plastic hip, among others), (ii) inflammatory joint disease (anky-
losing spondylitis, diffuse idiopathic skeletal hyperostosis and
rheumatoid arthritis, among others) and (iii) traumatic hip
injury (acetabular fracture and hip dislocation). Patients with
advanced osteoarthritis of the hip of Tönnis grade ≥2 at the
time of HA [13], those who had already undergone ipsilateral
hip surgery for various causes and those who had a history of
ipsilateral HAwere also excluded. Finally, patients who were not
followedup for >10 years and thosewhowere considered to have
a secondary gain related to their occupations or accidents were
also excluded.

Surgical technique
All operations were performed by a senior surgeon with more
than 25 years of experience. Patients received HA under gen-
eral anesthesia in the supine position on a standard hip traction
table. The operative limb was retracted in slight hip flexion and
abduction positions 15◦–20◦ of the internal rotation. Anterior,
anterolateral (AL) and posterolateral (PL) portals were typically
used. The labrum at the PL portal site is smaller than that at
the AL portal site [14]. Thus, the PL portal was created first
under C-arm guidance, followed by the insertion of an arthro-
scope to prevent iatrogenic labral injury that might occur while
creating the AL portal. Thereafter, the anterior portal was cre-
ated. Interportal capsulotomy was not performed between these
two portals. Only portal widening of the joint capsule was per-
formed. The central compartment was evaluated first to assess
and treat LT tears, labral tears and chondral lesions. The opera-
tive limb was inspected with a probe while simultaneously rotat-
ing the limb internally and externally to assess LT damage. For
LT tears, debridement and thermal shrinkage were performed
using a shaver or radiofrequency probe. Debridement and partial
labral resectionwere carefully performed for labral tears tomain-
tain the function of the labrum as much as possible. Moreover,
debridement and/ormicrofracture were performed on damaged
cartilage as required. After treating the central compartment,
traction was released, and the hip was flexed by approximately
40◦ to access the peripheral compartment. Femoroplasty was
performed using a 4.0- or 5.5-mm burr until confirming through
the arthroscope that no collision had occurred while performing
dynamic hip motion with flexion and rotation (Fig. 1).

Fig. 1. A 43-year-old male patient with right hip pain and limitation
of motion. His anterior impingement and Patrick tests are positive.
(a, b) Simple radiographs before surgery show bump on head–neck
junction. (c, d) His partial ligamentum teres tear is lesser than 50%;
thus, debridement and thermal shrinkage are performed. (e) Labral
tear is observed at the labrum–cartilage junction. (f) Femoroplasty is
performed on the bump of the head–neck junction. (g, h) Simple
radiographs taken at the 12-year follow-up shows worsening of his
right hip osteoarthritis.

Clinical evaluation
During HA, the degree of LT damage was classified according to
theGray andVillar classification andDombclassification [2, 15].
Gray and Villar types II and III and Domb types I and II were
regarded as partial LT tears. Chondral lesions were classified
according to the Outerbridge classification [16].

The visual analog scale (VAS) pain score, modified Harris
Hip Score (mHHS), Nonarthritic Hip Score (NAHS), HipOut-
come Score-Activities of Daily Living (HOS-ADL) and Hip
Outcome Score-Sports Scale (HOS-SS) were evaluated in all
patients. Each questionnaire was administered in an outpatient
clinic preoperatively, 6months postoperatively, 1 year postoper-
atively and every year thereafter. Scoresmeasured before surgery
and at the last follow-up were used for statistical analysis. At the
last follow-up, the VAS satisfaction scores for all patients were
assessed. In addition, perioperative changes in sports abilitywere
specifically assessed for those who participated in martial arts or
amateur sports for at least 2 years preoperatively. Postoperative
status regarding sports ability was assessed for the following: at
the same level, diminished level, stopped and never participated,
compared to the sports ability before the pain had occurred.
Because there is no single patient-reported outcome question-
naire for patients who have undergone HA, multiple outcome
measurements have been performed [17]. Surgical failure was
defined as reoperation such as arthroscopic surgery or THA
conversion performed within >10 years of the follow-up period.

Radiologic evaluation
All patients underwent simple radiography, CT scan, mag-
netic resonance imaging preoperatively and simple radiography
at follow-up postoperatively. Simple radiographic examinations
included the pelvic anteroposterior view, frog-leg side view,
false-profile view and cross-table view. In the pelvic anteroposte-
rior view, theTönnis gradewas assessed using a picture archiving
and communication system (Maroview v5.4; Marotech, Seoul,
Republic of Korea) [18]. The Tönnis grade was measured four
times, twice by a single hip joint specialist orthopedic surgeon
who did not participate in the surgery and twice by another
musculoskeletal radiologist. Since Tönnis grades 0 and 1 were
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Fig. 2. Flow diagram of patient allocation.
FAI, femoroacetabular impingement; advanced OA, osteoarthritis of a Tönnis grade≥2.

difficult to distinguish if there was a disagreement between the
two observers, an agreement was reached by reviewing the sim-
ple radiography together for final grading.

Statistical analysis
SPSS software (IBM SPSS ver. 26.0; IBM Co., Armonk, NY,
USA) was used for the statistical analysis. For the compari-
son of the groups, continuous data including age, body mass
index and follow-up period did not satisfy normality. Thus, the
Mann–WhitneyU test was performed. Among sex, left and right
hip, predisposing factor and HA findings, categorical data such
as LT tear grade, Outerbridge classification, sports ability and
Tönnis gradewere analyzedusing the chi-square orFisher’s exact
tests. The Wilcoxon signed-rank test was performed to compare
the changes in clinical outcomes preoperatively and at the last
follow-up, and theMann–WhitneyU testwas performed to com-
pare the changes in outcomes between Groups A and B. All
resultswere considered significantly differentwhenP < 0.05.The
intraobserver and interobserver Cohen’s kappa values were used
to evaluate the reproducibility of the Tönnis grade measured by
two doctors.

RESULTS
Based on the HA findings, 28 patients (28 hips) with a par-
tial LT tear and 87 patients (99 hips) with an intact LT were
assigned to Groups A and B, respectively (Fig. 2, Table I). Two
patients had complete LT tears at the time of HA. However, one
patient was lost to follow-up, and the other patient died within

Table I. Patient demographics

Group A
(28 patients, 28
hips)

Group B
(87 patients, 99
hips) P-value

Age, years 36.5 (18, 57) 34.0 (18, 58) 0.549a

Sex, M:F 19:9 72:27 0.614b

Right:left 13:15 49:50 0.774b

BMI, kg/m2 22.7 (19.3, 30.9) 22.8 (15.9, 38.8) 0.800a

Follow-up,
months

131.5 (121, 175) 135.0 (122, 170) 0.464a

Predisposing
factor

0.718b

N/S 18 57
Martial arts 5 (Tae 4, Kick 1) 13 (Tae 11, Kar 2)
Amateur
sports
player

3 (Soc 2, Base 1)
2 (TA 2)

19 (Soc 7, Bask 5,
Base 5, Ten 2)

Trauma 10 (TA 7, FFH 3)

Note: Values are presented asmedians (minimum value, maximum value) and numbers.
aMann–Whitney U test between Groups A and B.
bChi-square test between Groups A and B.
Abbreviations: M, Male; F, Female; BMI, body mass index; N/S, non-specific; Tae,
Taekwondo; Kick, kickboxing; Kar, karate; Soc, soccer; Base, baseball; Bask, basketball;
Ten, tennis; TA, traffic accident; FFH, fall from height.

the follow-up period. Thus, these patients were excluded from
the study (Fig. 2).

Arthroscopic findings revealed a significant difference in
the severity of cartilage damage between the two groups. In
Group B, cartilage damage was concentrated in the lower grades
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Table II. Arthroscopic findings of ligamentum teres tears and chondral damage

Group A
(28 patients, 28 hips)

Group B
(87 patients, 99 hips) P-valuea

Ligamentum teres tear grade Gray and Villar classification
0 (normal) 0 99 <0.001
I (complete tear) 0 0
II (partial thickness tear) 21 0
III (degenerative tear) 7 0
Domb classification
0 (normal) 0 99 <0.001
I (<50%, low grade) 18 0
II (>50%, high grade) 10 0
III (full-thickness tear) 0 0
AcetabulumChondral injury (Outerbridge

classification) 0 (normal)
I (surface fibrillation)
II (cartilage loss <50%, thickness)
III (cartilage loss >50%, thickness)
IV (exposed subchondral bone)

5
6
8
4
5

34
35
18
11
1

0.005

Femoral head
0 (normal)
I (surface fibrillation)
II (cartilage loss <50%, thickness)
III (cartilage loss >50%, thickness)
IV (exposed subchondral bone)

7
7
6
5
3

36
45
14
4
0

<0.001

Note: Values are presented as numbers only.
aChi-square or Fisher’s exact test between Groups A and B.

Table III. Clinical outcomes of the two groups divided by ligamentum teres tear (Groups A and B)

Score Preoperative Last follow-up Change P-valuea P-valueb

VAS pain score Group A 6.5 (5, 9) 2 (1, 7) 4 (0, 7) <0.001 0.943
Group B 7.0 (6, 10) 3 (0, 8) 4 (−2, 10) <0.001

mHHS Group A 68.7 (56.0, 84.6) 86.8 (61.5, 98.8) 14.9 (−6.6, 38.5) <0.001 0.576
Group B 71.4 (34.1, 83.5) 84.6 (56.0, 100) 13.2 (−9.9, 65.9) <0.001

NAHS Group A 67.5 (51.3, 86.3) 87.6 (65.0, 100) 15.0 (−5.0, 42.5) <0.001 0.451
Group B 68.8 (18.8, 92.5) 86.3 (50.0, 100) 15.0 (−13.8, 76.2) <0.001

HOS-ADL Group A 66.2 (47.1, 84.7) 85.0 (60.3, 98.5) 14.7 (−7.4, 39.7) <0.001 0.627
Group B 67.6 (29.4, 94.1) 83.8 (51.5, 100) 14.7 (−16.1, 67.7) <0.001

HOS-SS Group A 66.7 (33.3, 83.3) 77.8 (38.9, 94.4) 8.9 (−25.0, 36.1) <0.001 0.056
Group B 66.7 (19.4, 92.7) 80.6 (27.8, 100) 11.2 (−27.8, 61.1) <0.001

Note: Values are presented as medians (minimum value, maximum value).
aWilcoxon signed-rank test between preoperative and last follow-up for each group.
bMann–Whitney U test comparing change values of each score between Groups A and B.
Abbreviations: mHHS,ModifiedHarrisHip Score; NAHS,NonarthriticHip Score; HOS-ADL,HipOutcome Score—Activity ofDaily Living Scale; HOS-SS,HipOutcome Score—
Sports Scale.

according to the Outerbridge classification. In contrast, a rela-
tively evendistributionof cartilagedamage inboth the acetabular
and femoral heads was observed in Group A (P= 0.005 and
P < 0.001, Table II).

The clinical evaluation parameters, including the VAS pain,
mHHS, NAHS, HOS-ADL and HOS-SS scores, had improved
significantly at the last follow-up in both groups. However, there
were no significant differences in the amount of change in clini-
cal outcomes between the two groups (Table III). Although the
comparison of the amount of change in theHOS-SS revealed no
statistical significance (P= 0.056), patients in Group A tended

to havemore difficulty with sports activities than those inGroup
B at the last follow-up.

The sports ability showed a significant difference between the
two groups. Group A showed a significantly decreased sports
ability according to the questionnaire regarding martial arts and
amateur sports players (Table IV). However, the VAS satis-
faction score or surgical failure rate did not significantly differ
between the two groups (P= 0.573 and P= 0.999).

In terms of radiologic evaluation using the Tönnis grade,
although no significant difference between the two groups
was found preoperatively (P= 0.810), there was a significant
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Table IV. Sports ability at last follow-up in preparation for previ-
ous exercise capacity

Same
level

Diminished
level Stopped

Never par-
ticipated P-valueb

Group A
(n= 8)a

0 1 5 2 0.002

Group B
(n= 32)a

10 16 4 2

aGroup A: martial arts (Taekwondo 4, kickboxing 1), amateur sports player (soccer 2,
baseball 1).
Group B: martial arts (Taekwondo 11, karate 2), amateur sports player (soccer 7, bas-
ketball 5, baseball 5, tennis 2).
bChi-square or Fisher’s exact test between Groups A and B at last follow-up.

difference at the final follow-up (P= 0.020, Table V). In addi-
tion, the intra- and interobserver Cohen’s kappa value for the
Tönnis grade showed excellent results, with both values >0.810.

DISCUSSION
The most important finding in this study was that patients with
a partial LT tear demonstrated higher Outerbridge scores at the
time of surgery. Notably, patients with a partial LT tear showed
satisfactory results with no significant differences inmost clinical
findings compared to those with an intact LT; however, patients
with apartialLT tear also showeddecreasedathletic performance
and were classified with relatively worsened Tönnis grades.

Although the HA debridement procedure alleviates pain and
improves function in partial LT tears, leading to excellent short-
term results, there are no studies with long-term clinical results
[8–12]. Therefore, this study is meaningful for reporting long-
termclinical and radiologic outcomes for patientswith partial LT
tears.

The reported prevalence of LT pathology (including synovi-
tis, partial and complete tears) found during HA surgery varies
from 4% to 93% [3, 19]. According to Haviv and O’Donnell,
an LT tear is observed in 9% of the patients who undergo HA
[9]. Moreover, LT tears occur frequently when there are bony
deformities such as hip dysplasia or FAI [20, 21]. Martin et al.
[19] observed in their cadaveric study that LT damage may
result from the levering mechanism of the femoral head in flex-
ion and internal rotation movements beyond the position of hip
impingement. In our study, the rate of partial LT tears was 22.0%
(28/127). The prevalence of partial LT tears was higher than
that of previous studies because our study assessed patients who
underwent HA after a cam-type FAI diagnosis.

Intraoperative findings showed that patients in Group A had
higher rates of deteriorated chondral damage in the acetabu-
lum and femoral head than those in Group B. According to
O’Donnell et al. [22], the laxity of the capsule in patients
with FAI is increased by the levering mechanism of the femoral
head, which leads to LT damage. This increases microin-
stability and causes chondral damage. The definite role of
the LT in hip stability is particularly emphasized in abnor-
mal bone morphology, which occurs in FAI or hip dysplasia.
The exact role of the LT remains debatable. However, many
studies have shown that the LT contributes to hip joint stability
[23–26].

Considering that the surgical method, which was the same for
both groups, included only portal widening and not interportal
capsulotomy, only partial labral resection without labral repair
and adequate femoroplasty, which could affect hip stability, the
microinstability resulting from a partial LT tear was thought to
be the cause of hip joint instability. Chondral damage to the hip
joint is significantly high in patients with an LT tear who have
undergoneHA for anFAIdiagnosis [27, 28]. Furthermore, some
studies have shown no significant difference in chondral damage,
regardless of an LT tear [2, 7]. Because the exact etiology regard-
ing whether chondral damage is caused by an LT tear or whether
an LT tear occurs in the process of osteoarthritis is not known,
further research is required [22, 29].

Although there were no significant differences in most clini-
cal results for both groups, patients in Group A tended to report
difficulties in performing sports activities. Patients in Group A
reported a significant decrease in sports ability among thosewho
required active sports ability. Worsening of hip osteoarthritis
due to microinstability and hip pain resulting from a torn LT
might be the cause of this observed finding. Kalisvaart andSafran
[30] reported that some athletes are able to reach extremes of
hip range of motion due to subclinical laxity of their soft tis-
sues, which may be beneficial for sports activities. However, this
ability may also place them at a higher risk of hip instability and
injury.

Our study revealed that the Tönnis grade at the final follow-
up differed significantly between the two groups. The sever-
ity of chondral damage observed in HA was already different
between the two groups, and there would have been a signif-
icant difference in the severity of hip osteoarthritis caused by
microinstability resulting from a torn LT. Therefore, when a par-
tial LT tear is observed in patients with labral tears who undergo
HA due to FAI, debridement and thermal shrinkage are nec-
essary for pain relief and short-term functional improvement.
Capsular plication, in addition to labral repair and femoroplasty,
should be performed for hip stability if possible [8–10, 31].

Table V. Radiological outcomes of the two groups divided by ligamentum teres tear

Tönnis grade 0 Tönnis grade 1 Tönnis grade 2 Tönnis grade 3 P-value

Preoperative Group A 21 7 0 0 0.810a

Group B 72 27 0 0
Last follow-up Group A 3 12 10 3 0.020b

Group B 26 54 16 3
aChi-square or Fisher’s exact test between Groups A and B before surgery (preoperative).
bChi-square or Fisher’s exact test between Groups A and B at last follow-up.
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Postoperatively, patients should be educated on hip and core
muscle strengthening exercises and be informed that they are
more likely to develop hip osteoarthritis than patients with an
intact LT. To inhibit and prevent the progression of osteoarthri-
tis, patients should be instructed to avoid squats and attempts
to cross one leg behind the other when standing because these
movements lead tomaximum tension in theLT,whichmay cause
damage [26, 27, 31, 32].

This study had several limitations. First, this study was retro-
spective in nature; consequently, results other than those evalu-
ated using patient questionnaires, clinical charts and radiologic
data could not be obtained. For instance, there are many con-
founding factors, such as the severity of cam impingement, dura-
tion of preoperative symptoms or level of activity, amount of
labral debridement and adequacy of cam deformity correction,
which could explain differences in cartilage damage observed
during HA and also progression to a more severe osteoarthri-
tis during the follow-up. However, we were unable to analyze
such factors due to the lack of information. Second, the sam-
ple size was small. In particular, there was a small number of
patients in Group A. Thus, much of the data were not normally
distributed, and non-parametric tests were performed. A well-
designed, prospective study on a large number of patients with
LT tears is required in the future. Third, labral repair and cap-
sular repair were not attempted in this study. Because this was
a clinical study that included patients who were followed up for
a minimum 1of 0 years, labral repair and capsular repair were
not yet performed at our hospital. If surgical methods, such as
labral repair and capsular repair related to hip stability, had been
performed, different results may have been observed [33, 34].
Fourth, because this analysis only focused on patients with FAI
with labral tears, there may have been selection bias, and the
treatment outcomes may have been affected by the FAI or labral
tear treatment itself. Fifth, this study used data from an experi-
enced surgeon who performed a large number of HA surgeries.
It is difficult to generalize these results because of the nature of
HA [35]. Finally, the inclusion criteria for perioperative sports
ability analysis, which included being a martial arts or amateur
sports player for at least 2 years preoperatively, were arbitrary.

CONCLUSION
Patients with a partial LT tear showed a higher grade of chon-
dral damage during HA. They tend to have decreased exercise
capacity and significantly worse Tönnis grades. Due to the ret-
rospective nature of this study, it is difficult to conclude that
severe intraoperative cartilage damage and osteoarthritis pro-
gression are solely related to a partial LT tear. Future large-scale,
prospective studies regarding the relationship between partial
LT tear and chondral damage and osteoarthritis progression are
required.
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