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Abstract
Introduction Hip dysplasia is characterized by reduced acetabular coverage of the femoral head leading to an increased 
mechanical load on the hip joint and the acting hip muscles. Potentially, the muscles and tendons functioning close to the hip 
joint may present with overuse-related ultrasonography findings. The primary aim was to report the prevalence of muscle–
tendon-related abnormalities detected by ultrasonography in 100 patients with symptomatic hip dysplasia. The secondary 
aim was to investigate correlations between muscle–tendon-related abnormalities detected by ultrasonography and clinically 
identified pain related to muscles and tendons.
Materials and methods One hundred patients (17 men) with a mean age of 29 ± 9 years were included. Muscle–tendon-
related abnormalities were detected with a standardized ultrasound examination. Correlations between muscle–tendon-related 
abnormalities detected by ultrasonography and clinically identified pain related to muscles and tendons were tested with 
Spearman’s rank correlation coefficient.
Results The most prevalent ultrasonography findings were identified in the iliopsoas tendon [50% (95% CI 40; 60)], the 
adductor longus tendon [31% (95% 22; 40)] and the gluteus medius/minimus tendons [27% (18; 36)]. Significant correlations 
between ultrasonography findings and pain related to muscles and tendons were only found for the iliopsoas tendon (ρ = 0.24 
and p = 0.02) and the gluteus medius/minimus tendons (ρ = 0.35 and p < 0.001).
Conclusions Muscle–tendon-related abnormalities detected by ultrasonography in the hip and groin region are common 
in patients with symptomatic hip dysplasia, and the ultrasonography findings of the iliopsoas and gluteus medius/minimus 
tendons are weakly to moderately correlated to pain related to muscles and tendons in these structures. Both the iliopsoas 
and the gluteus medius/minimus have a pronounced stabilizing role in the dysplastic hip joint, and the common muscle–
tendon-related abnormalities in these patients may be caused by injuries related to excessive use or degenerative changes 
in the muscle–tendon tissue.
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Introduction

Hip dysplasia is characterized by reduced acetabular cov-
erage of the femoral head [1–4] leading to an increased 
mechanical load on the hip joint and the acting hip mus-
cles [3, 5–8]. The acetabular labrum plays a major role in 
load transfer and joint stability of the hip [4, 7]. Excessive 
stress on the labrum in the dysplastic hip joint results in 
labral injuries in 49–83% of dysplastic hips [9, 10]. How-
ever, the muscles acting close to the hip joint also play a 
vital role in load transfer and in maintaining the femoral 
head in place of the acetabular socket [3, 5–8].

The iliopsoas tendon and the anterior hip capsule are 
anatomically closely related [11]. The iliopsoas muscle 
has an anterior stabilizing role to the hip joint due to the 
location of the iliopsoas close to the capsulo-labral com-
plex [12]. The gluteus medius and minimus muscles act as 
important lateral stabilizers to the hip joint maintaining a 
leveled pelvis during single limb support [13]. The func-
tion of the iliopsoas and the gluteus medius and minimus 
muscles may be even more essential in the dysplastic hip 
joint, due to the steep and shallow acetabular roof. Poten-
tially, the muscles acting close to the hip joint may present 
with pain related to the muscles or tendons.

Pain related to muscles and tendons has been registered 
by clinical tests in 74% of patients with symptomatic hip 
dysplasia [14], and in 17% by patient-reported question-
naires [15]. Moreover, muscle–tendon-related abnormali-
ties have been verified in the iliopsoas tendon in 18% of 
patients with symptomatic hip dysplasia undergoing hip 
arthroscopy [16]. Muscle–tendon-related abnormalities 
have also been detected by magnetic resonance imag-
ing (MRI) [17] and musculoskeletal ultrasonography in 
sports-active subjects with long-standing groin pain [18]. 
Musculoskeletal ultrasonography is gaining acceptance as 
a diagnostic tool in hip pathology [19–21], and standard-
ized protocols for hip evaluation have been published [19, 
22–24]. Of note, a MRI study has previously demonstrated 
that some muscle–tendon-related abnormalities in the hip 
were not uncommon in asymptomatic controls [17], under-
scoring the need to correlate imaging findings to clinical 
symptoms of pain. To our knowledge, no prior studies have 
examined muscle–tendon-related abnormalities with mus-
culoskeletal ultrasonography in patients with symptomatic 
hip dysplasia.

The primary aim of this study was to report the preva-
lence of muscle–tendon-related abnormalities detected by 
ultrasonography in 100 patients with symptomatic hip dys-
plasia. The secondary aim was to investigate correlations 
between muscle–tendon-related abnormalities detected by 
ultrasonography and clinically identified pain related to 
muscles and tendons.

Materials and methods

Ethical approval was obtained from the Danish Commit-
tee on Biomedical and Research Ethics in January 14, 
2014 (5/2014). The Danish Data Protection Agency gave 
permission to the handling of personal data (1-16-02-47-
14), and the study was registered at ClinicalTrials.gov 
(20140401PAO). This study is one out of two parallel stud-
ies on the same subjects designed simultaneously with indi-
vidual outcome measures and aims. The other study identi-
fied pain related to muscles and tendons using clinical tests 
[14]; in the current study, muscle–tendon-related abnormali-
ties were examined with ultrasonography.

Subjects

One hundred patients with bilateral or unilateral hip dys-
plasia were recruited consecutively between May 2014 and 
August 2015 from the Division of Hip Surgery at Aarhus 
University Hospital in Denmark [14]. Inclusion criteria were 
Wiberg’s center-edge angle < 25° [25], groin pain in the last 
3 months and scheduled periacetabular osteotomy [14, 26]. 
Patients were excluded if they had co-morbidities and a his-
tory of surgical interventions affecting the function of their 
hip [14].

Outcome measures

All outcomes measures were collected at a clinical exami-
nation prior to surgery. The clinical examination was 
completed by two experienced physical therapists (CMS 
and JSJ). They had 5 and 7 years of experience of assess-
ing patients with hip dysplasia. The clinical examination 
included examination for muscle–tendon-related abnormali-
ties using musculoskeletal ultrasonography, examination of 
pain related to muscles and tendons and registration of base-
line characteristics.

Baseline characteristics

Baseline characteristics were registered using a standardized 
protocol [14]. The center-edge angle [25], Tönnis’ acetabu-
lar index angle [27], and Tönnis’ osteoarthritis grade [27] 
were measured by a single rater (SSJ) using anteroposterior 
radiographs, while hospital charts provided data on unilat-
eral or bilateral hip involvement and other pathologies. Hip 
disability was recorded with The Copenhagen Hip and Groin 
Outcome Score (HAGOS) [28]. HAGOS has been shown to 
be a valid, reliable and responsive measure of hip disability 
and associated problems in young- to middle-aged physi-
cally active patients with long-standing hip and/or groin pain 
[28]. HAGOS consists of six separate subscales rating hip 
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disability from 0 to 100 points [28]. Hip-related groin pain 
was assessed and recorded as number of positive tests using 
the FABER (Flexion/Abduction/External Rotation) test and 
the FADIR (Flexion/Adduction/Internal Rotation) test [20, 
29]. Furthermore, occurrence of internal snapping hip was 
recorded using a standardized clinical test [30].

Ultrasonography findings

The ultrasound examination was carried out by two expe-
rienced physical therapists in accordance with a standard-
ized protocol (Online Resource 1) based on the study by 
Nestorova et al. [23]. The ultrasound examination included 
an examination of the iliopsoas tendon, the gluteus medius/
minimus tendons, the adductor longus tendon, the ham-
strings tendons, the pubic symphysis and the acetabular 
labrum.

A Noblus, Hitachi-Aloka Medical (Zug, Switzerland) 
ultrasound system and a multi-frequency linear transducer 
(5–18 MHz) (EUP-L64, Zug, Switzerland) were used for 
all examinations. Ultrasonography findings were defined 
as heterogeneous echogenicity with loss of normal fibril-
lar pattern, abnormal fluid intra- and/or extra-substantial, 
irregular bone configuration, enthesophytes, and/or calcifi-
cations [23]. The ultrasonography findings were registered 
as normal or abnormal during the examination by the two 
physical therapists (CMS or JSJ) (for example, Figs. 1, 2), 
and muscle–tendon-related abnormalities were assessed in 
the index limb. During the examination, we recorded images 
and movie sequences of the anatomical structures in all 100 

patients (Online Resource 1), and the images and movie 
sequences were stored on an external disc.

To ensure valid image reading, we included a two-phase 
procedure. In the first phase, the two physical therapists pilot 
tested the ultrasound protocol by capturing and registering 
normal and abnormal finding in ten subjects (patients with 
symptomatic hip dysplasia and healthy subjects), and a 
radiologist specialized in musculoskeletal ultrasonography 
(LB) supervised the training in five subjects. In the second 
phase, data collection was initiated. We used the approach 
by Branci et al. [17], who based image findings on consen-
sus. The radiologist specialized in musculoskeletal ultra-
sonography (LB) evaluated images and movie sequences of 
the initial 50 patients together with CMS and JSJ. Eighteen 
percent of the initial ultrasound registrations caused discus-
sion between raters, and final consensus between all three 
raters was obtained. The two physical therapists (CMS or 
JSJ) performed the rating of the last 50 patients and had the 
possibility to contact the specialist in case of any doubts. In 
this second phase, the specialist was contacted in five cases, 
and he approved the ultrasound registrations in all five cases.

Pain related to muscles and tendons

Pain related to muscles and tendons was assessed in clinical 
entities using a standardized clinical entity approach origi-
nally proposed by Hölmich et al. [31, 32] and modified by 
the Doha consensus statement [33]. The standardized clini-
cal entity approach is based on a number of pain provoca-
tion tests including anatomical palpation, resistance testing 
and passive muscle strength. Since the standardized clinical 

Fig. 1  Transverse ultrasound 
image of a normal and homo-
geneous iliopsoas tendon with 
normal fibrillar pattern (a). 
Transverse ultrasound image of 
a thickened heterogeneous iliop-
soas tendon with loss of normal 
fibrillar pattern and diffuse mar-
gin appearance (b). Iliopsoas 
tendon (1), iliopsoas muscle (2), 
and acetabular rim (3)
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entity approach does not include identification of pain in the 
hamstrings and abductors, we included these two entities 
in our study. Identification of pain related to muscles and 
tendons in the hamstrings and abductors followed the same 
principle as the other clinical entities. Furthermore, rectus 
abdominis-related pain [31, 32] was the focus in this study 
instead of the inguinal-related pain defined in the Doha 
consensus [33]. Inguinal-related pain is less relevant in the 
female-dominated study population, because the anatomy of 
the inguinal canal is different in women compared to men 
[14]. Muscle–tendon-related pain was assessed in the index 
limb.

Intra‑ and inter‑rater reliability

Two raters assessed pain related to muscles and tendons and 
the inter-rater reliability of these measures was reported in 
Jacobsen et al. [14]. Similarly, two raters carried out the 
ultrasound examination, and the intra- and inter-rater reli-
ability of this examination was investigated. Saved images 
and movie sequences of 50 patients were evaluated twice by 
the same rater (JSJ), with a period of median 10 (7–13) days 
between each evaluation. Furthermore, the radiologist spe-
cialized in musculoskeletal ultrasonography (LB) later eval-
uated the saved images and movie sequences of the same 
50 patients, and the inter-rater reliability was investigated.

Statistics

Normal distribution was checked with histograms and prob-
ability plots, and data were presented as mean ± one standard 
deviation if data were normally distributed. The categorical 
variables were presented as prevalence with 95% confidence 
intervals. Correlations between muscle–tendon-related 

abnormalities detected by ultrasonography and pain related 
to muscles and tendons identified clinically within each 
entity were tested with Spearman’s rank correlation coef-
ficient on the 100 dysplasia patients. The reliability of 
the ultrasound examination was reported as percentage of 
agreement and with Cohen’s κ-coefficient. Furthermore, the 
interpreted agreement of Cohen’s κ-coefficient was reported 
according to Landis [34]. The significance level was 0.05 
and the STATA 14 (StataCorp, College Station, TX) soft-
ware package was used for data analysis.

Results

A consecutive sample of 135 patients was assessed for eli-
gibility; of those, 100 patients were included in the study 
[14]. Baseline characteristics of the included patients are 
reported in Table 1.

The intra-rater reliability of the ultrasound examination 
ranged from 76 to 92% with κ-coefficients ranging from 
0.51 to 0.70 (Table 1, Online Resource 2). The inter-rater 
reliability of the ultrasound examination ranged from 64 to 
84% with κ-coefficients ranging from 0.19 to 0.46 (Table 2, 
Online Resource 2).

The prevalence of labral- and muscle–tendon-related 
abnormalities detected by ultrasonography ranged from 9 
to 55% (Table 2). The three most prevalent muscle–ten-
don-related abnormalities were related to iliopsoas, adduc-
tor longus and gluteus medius/minimus. In 19% of the 
patients, no muscle–tendon-related abnormalities were 
detected by ultrasonography. Furthermore, 43% had mus-
cle–tendon-related abnormalities in one entity, 26% in 
two entities, 11% of patients had muscle–tendon-related 
abnormalities in three entities and 1% of patients in four 

Fig. 2  Longitudinal ultrasound 
image of normal and homo-
geneous gluteus medius and 
minimus tendons with normal 
fibrillar pattern and bone 
configuration (a). Longitudinal 
ultrasound image of thickened 
hypoechoic gluteus medius 
and minimus tendons with loss 
of normal fibrillar pattern and 
irregular bone configuration (b). 
Greater trochanter (1), gluteus 
medius and minimus tendons 
(2), and greater trochanteric 
bursitis (3)
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entities. We tested correlations between muscle–tendon-
related abnormalities detected by ultrasonography and 
pain related to muscles and tendons identified clinically 
and found significant correlations between ultrasonogra-
phy findings and pain related to the iliopsoas tendon and 
the gluteus medius/minimus tendons (Table 3).

Discussion

Eighty-one percent of patients with symptomatic hip dyspla-
sia presented with muscle–tendon-related abnormalities and 
most prevalent were muscle–tendon-related abnormalities of 
the iliopsoas, adductor longus and gluteus medius/minimus. 
Furthermore, ultrasonography findings of the iliopsoas and 
gluteus medius/minimus tendons were correlated with pain 
identified with the clinical entity approach, whereas ultra-
sonography findings related to the adductor longus tendon, 
the hamstrings tendons and the pubic symphysis were not 
correlated to pain related to muscles and tendons in these 
structures.

Clinical implication

In our previous study on patients with hip dysplasia [14], we 
identified pain related to muscles and tendons with clinical 
tests and found a high prevalence of pain in the iliopsoas 
and hip abductors. However, pain in the hip adductors, the 
hamstrings and pain related to the pubic symphysis was 
low. In this study, the prevalence of adductor longus-related 
abnormalities was high, but the ultrasonography findings in 
the adductor longus tendon did not correlate with pain. Fur-
thermore, the prevalence of ultrasonography abnormalities 
in the hamstrings and pubic symphysis was low and in line 
with the findings of our previous study [14].

Muscle–tendon-related abnormalities detected by MRI 
have previously been reported among asymptomatic controls 
and asymptomatic soccer players [17]. Moreover, a cohort 
study on 34 male athletes failed to show ultrasonography-
detected differences between athletes with and without his-
tory of previous injury [35]. This suggests that chronic struc-
tural changes probably exist as a consequence of previous 
injuries and/or microtears unrelated to current symptoms 
[17]. Hence, we believe that the structural changes in the 
adductor longus tendon, the hamstring tendons and the pubic 

Table 1  Baseline characteristics in 100 consecutive patients with hip 
dysplasia

Baseline characteristics are presented as mean (SD) values and as 
percentage (%)
BMI body mass index, CE center-edge, AI Tönnis’ acetabular index, 
FADIR flexion/adduction/internal rotation, FABER flexion/abduction/
external rotation, HAGOS Copenhagen hip and groin outcome score, 
ADL activities of daily living

Outcomes Patients (SD)

Men 17
Bilateral hip dysplasia 89
Tönnis osteoarthritis grade 0 [27] 97
Age 29.9 (9.2)
BMI 23.2 (3.0)
Duration of pain, years 4.9 (5.6)
CE angle preoperatively 17.4 (4.7)
AI angle preoperatively 13.8 (4.9)
Clinical sign of labral pathology (positive FADIR test) 83
Clinical sign of labral pathology (positive FABER 

test)
74

Clinical sign of internal snapping hip (positive pain-
provocation test [30])

30

HAGOS pain 50.3 (18.0)
HAGOS symptoms 49.2 (17.4)
HAGOS ADL 55.5 (22.4)
HAGOS sport/recreation 39.3 (20.7)
HAGOS participation 23.0 (24.7)
HAGOS quality of life 29.4 (14.3)

Table 2  Labral- and muscle–tendon-related abnormalities detected by ultrasonography in 100 patients with hip dysplasia

Abnormalities are reported as prevalence (%). The sum of abnormalities in the individual patients is above 100% because a patient can have 
abnormalities in more than anatomical structure
glut. med./min. gluteus medius/minimus

Tissue Transducer placement Abnormali-
ties (95% 
CI)

Iliopsoas tendon Transverse scan with the femoral artery as medial landmark 50 (40; 60)
Glut. med./min. tendons Longitudinal and transverse scan with the greater trochanter as landmark 27 (18; 36)
Adductor longus tendon Longitudinal scan with the inferior ramus of the pubis as proximal landmark 31 (22; 40)
Hamstring tendons Longitudinal and transverse scan with the ischial tuberosity as landmark 15 (8; 22)
Pubic symphysis Transverse scan at the symphyseal cleft 9 (3; 15)
Acetabular labrum Longitudinal scan parallel to the long axis of the femoral neck 55 (45; 65)
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symphysis detected by ultrasonography are less clinically 
relevant and probably exist because of injuries, microtears 
and/or overuse earlier in life.

The high prevalence of iliopsoas- and gluteus medius/
minimus-related abnormalities correlated with pain in the 
same anatomical structures, which was supported by the 
findings of our previous study [14], where we found a high 
prevalence of pain in the iliopsoas and in the hip abductors. 
Abnormality of the iliopsoas tendon probably manifests as 
a consequence of the shallow and oblique acetabulum caus-
ing reduced weight bearing in the dysplastic joint [1–4] and 
increased load on the anterior capsulo-labral complex [4] 
and possible also the iliopsoas [12]. Furthermore, patients 
with hip dysplasia also present with increased femoral ante-
version [36, 37] causing further load on the anterior capsulo-
labral complex [4] and the iliopsoas [12]. An increased load 
may also explain the high prevalence of internal snapping 
hip identified in our study (30%), which was also reported 
among patients with increased femoral anteversion undergo-
ing hip arthroscopy [12]. Abnormalities related to gluteus 
medius/minimus possibly also manifest as a consequence 
of the reduced weight bearing in the dysplastic joint [1–4], 
where the hip abductors have to generate higher forces to 
maintain a leveled pelvis during ambulation as previously 
documented [38].

Previous ultrasound studies

This study is the first to detect muscle–tendon-related abnor-
malities with ultrasonography in a consecutively included 
cohort of patients with symptomatic hip dysplasia. Four 
previous studies have reported muscle–tendon-related 
abnormalities detected by ultrasonography in patients with 
hip and/or groin pain [18, 35, 39, 40]. Using a standardized 
protocol, Kälebo et al. [18] detected muscle–tendon-related 
abnormalities in 36 patients with groin pain (not patients 
with hip dysplasia). In 28 of the 36 patients, ultrasonogra-
phy detected abnormalities in the region of the painful areas 
[18]. Abnormalities of the hamstrings and adductor tendons 
were most prevalent [18]. Abnormalities of the rectus femo-
ris, gluteal and rectus abdominis tendons were less common; 
abnormality of the iliopsoas tendon was not assessed [18]. 
The higher prevalence of abnormalities of the hamstring ten-
dons compared to our results may be explained by the study 
being conducted 25 years ago and since the ultrasound tech-
nology has developed significantly. In a retrospective study 
by Bass et al. [39], ultrasonography findings were detected 
in the origin of the tensor fascia lata muscle in 12 sympto-
matic athletes with anterior groin pain. The symptomatic 
athletes presented with enlarged tendons, hypoechoic areas 
at the iliac crest and point tenderness at the iliac crest. These 
findings were compared to asymptomatic controls, and no 
ultrasonography findings were detected in the asymptomatic Ta
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controls. In another study by Long et al. [40], 877 patients 
with so-called greater trochanteric pain syndrome underwent 
ultrasound examination. Among these patients, 50% had 
gluteal tendinitis, 20% had trochanteric bursitis, 29% had 
a thickened iliotibial band and 2% had gluteal tendon tears. 
Despite our cohort being much younger than the patients in 
the study by Long et al. [40] with a mean age of 54 years, we 
also identified a high prevalence of abnormalities related to 
gluteus medius/minimus. In our cohort, we believe that the 
gluteus medius/minimus-related abnormalities were linked 
to the reduced lateral acetabular coverage of the femoral 
head, which requires the abductors to be overly active and 
may lead to injury or to overuse tendinopathy caused by 
excessive use.

Based on the previous studies [18, 35, 39, 40], ultrasound 
examination of the hip seems justifiable and capable of dif-
ferentiating findings between symptomatic and asympto-
matic structures [18, 39]. An advantage of ultrasonography 
compared with MRI is the possibility to assess both image 
and tenderness of the structure in focus by applying pressure 
during examination [40]. The latter is of great importance, 
since previous studies have reported muscle–tendon-related 
abnormalities in asymptomatic individuals [17, 35, 41]. 
Therefore, ultrasonography of the hip cannot stand alone 
and should be used as a supplement to clinical tests and 
anamnesis. Pain related to muscles and tendons should be 
identified by clinical tests and secondary by an ultrasound 
examination, which may be used to image and specify the 
structural changes. It is essential always to use a standard-
ized ultrasound protocol and to be aware of the possible 
high prevalence of asymptomatic structural changes, which 
is of no clinical importance. Finally, despite the challenges 
of adding an ultrasound examination as an extra modality, 
ultrasonography might potentially help clinicians moni-
tor tendon structure and bursitis while treating painful 
structures.

Limitations of our results

This study has a number of limitations. First, our evaluation 
of reliability indicated that the applied ultrasound examination 
was rater dependent. The low inter-rater reliability of our ultra-
sound examination is in accordance with previous studies on 
reliability of ultrasound [41, 42], where the findings of minor 
structural abnormalities have been described as particularly 
difficult due to inability to separate minor structural changes 
from ultrasound artifacts such as anisotropy. The reliability 
evaluation was performed after our two-phase procedure; 
although the two-phase procedure indicated a positive learn-
ing curve, we cannot rule out that the low inter-rater reliability 
may have affected our overall findings. Second, abnormality 
of the iliopsoas tendon was only assessed at the acetabular 
rim and not at the lesser trochanter because the attachment at 

the lesser trochanter is difficult to detect by ultrasonography 
[23]. Finally, using ultrasonography, only the anterior superior 
labrum can be visualized, and we have no knowledge of pos-
sible abnormalities in the posterior part of the labrum. How-
ever, a previous study has reported a positive predictive value 
of ultrasonography of 88% with MRI as the gold standard. 
This means that there is a high probability that an acetabular 
labral tear is present if detected by ultrasonography in patients 
with hip dysplasia [43]. Furthermore, the prevalence of labrum 
abnormality in this study was in line with the findings of previ-
ous studies [9, 10].

Muscle–tendon-related abnormalities in the hip and groin 
region are common in patients with symptomatic hip dys-
plasia, and the ultrasonography findings of the iliopsoas and 
gluteus medius/minimus tendons are weakly to moderately 
correlated to pain related to muscles and tendons in these 
structures. Both the iliopsoas and the gluteus medius/mini-
mus have a pronounced stabilizing role in the dysplastic hip 
joint and the common muscle–tendon-related abnormalities in 
these patients may be caused by injury due to excessive use or 
degenerative changes in the tendon tissue.

Further studies are needed to assess if the structural changes 
present due to increased load on the tendons and/or due to 
impingement secondary to hypertrophy of the acetabular 
labrum. Furthermore, a positive effect on pain and structural 
changes of both exercise and surgical interventions should be 
investigated in future prospective studies.
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