Original Research

Reliability of a Novel Scoring System
for MRI Assessment of Severity
in Gluteal Tendinopathy

The Melbourne Hip MRI Score

Chi Kin Nathan Tso,* MD, Richard O’Sullivan,™ MBBS, Hussain Khan,$ MBBS, PhD,
and Jane Fitzpatrick,*|% MBBS, PhD

Investigation performed at the University of Melbourne, Melbourne, Australia

Background: Gluteal tendinopathy is commonly reported in the literature, but there is a need for a validated magnetic resonance
imaging (MRI)-based scoring system to grade the severity of the tendinopathy.

Purpose: To use intra- and interobserver reliability to validate a new scoring system, the Melbourne Hip MRI (MHIP) score, for
assessing the severity of gluteal tendinopathy.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: The MHIP score assesses gluteal tendinopathy according to each 1 of 5 categories: (1) extent of tendon pathology
(maximum 5 points); (2) muscle atrophy (maximum 4 points); (3) trochanteric bursitis (maximum 4 points); (4) cortical irregularity
(maximum 3 points); and (5) bone marrow edema (maximum 1 point), with an overall range of 0 to 17 (most severe). A total of 41
deidentified MRI scans from 40 patients diagnosed with gluteal tendinopathy (mean baseline age, 57.44 + 25.26 years; 4 male, 36
female) were read and graded according to MHIP criteria by 2 experienced musculoskeletal radiologists. The radiologists were
blinded to previous reports, and the scans were read twice within a 2-month period. Statistical analysis using the intraclass
correlation coefficient (ICC) was used to determine intra- and interobserver reliability and mean/range for the MHIP scores.

Results: Of a total of 123 readings, the mean MHIP score (+SD) was 3.93 *+ 2.24 (range, 0-17 points). The MHIP score demon-
strated excellent reliability for determining the severity of gluteal tendinopathy on MRI. The ICC for intra- and interobserver reli-
ability was 0.81 (95% Cl, 0.67-0.89) and 0.78 (95% Cl, 0.62-0.87), respectively.

Conclusion: The MHIP score had excellent intra- and interobserver reliability in scoring gluteal tendinopathy. This score allows
gluteal tendon pathology to be graded prior to treatment and to be used for standardized comparisons between results in future
research undertaking radiological review of gluteal tendinopathy.
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Tendinopathies are common overuse injuries prevalent in
both the athletic and nonathletic population and are
responsible for up to 30% of all musculoskeletal consulta-
tions and nearly half of all sporting injuries.'® Gluteal ten-
dinopathies, including gluteus medius and minimus
tendinopathies, are the most common lower limb tendino-
pathy and a major cause of lateral hip pain.! Gluteal tendi-
nopathy is up to 4 times more common in female patients
than males and results in very high levels of hip dysfunc-
tion?? with a decreased quality of life and earning potential
as well as lower activity levels.®
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The diagnosis of gluteal tendinopathy is important for
the management of the disease, and yet, research suggests
that 20% of gluteal tears are missed clinically prior to a
patient’s undergoing total hip arthroplasty.'® The diagno-
sis of symptomatic disease of the gluteal tendons is based on
both clinical and radiological signs.” While the clinical signs
of gluteal tendinopathy are well-documented, more
research is still needed to study the radiological signs. Mag-
netic resonance imaging (MRI) is currently considered
the gold standard for detecting the presence of gluteal
tendinopathy.'”!® The MRI findings suggestive of gluteal
tendinopathy are the presence of tendinosis, intrasub-
stance signal abnormality, atrophy or absence of tendon
fibers, cortical irregularity, and bone marrow edema
(BME).>*17:19.21 Bayond a diagnostic capacity, MRI also
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plays a role in assessing severity at follow-up, with a
decrease in tendon thickness, and a normalized tendon
structure indicating signs of tendon healing.%°

Despite radiological signs of gluteal tendinopathy being
well-recognized, a validated grading system for determin-
ing gluteal tendinopathy severity on MRI has not been well-
established. This makes it difficult for clinicians or
researchers to compare progress before and after treat-
ment. Importantly, in guiding future research, a grading
score for gluteal tendinopathy would allow researchers to
use a standardized and reproducible measure to easily com-
pare radiological outcomes between patient cohorts and
across multiple studies. The first step in determining a
scoring system is to test reliability. Once the score has been
shown to be reliable, studies can be performed to look at the
prognostic and treatment value in specific clinical condi-
tions. The aim of this study was to validate a new scoring
system for grading the severity of gluteal tendinopathy.
The hypothesis was that the Melbourne Hip MRI (MHIP)
score would be a reliable tool for grading the severity of
gluteal tendinopathy.

METHODS
Participants

This study used 41 MRI scans from 40 patients (mean base-
line age, 57.44 + 25.26; age range, 18-80 years; 4 male, 36
female) who were diagnosed with gluteal tendinopathy
from 2012 to 2016. The participants had a history of >15
months of lateral hip pain; pain with such activities as
walking, running, and stair climbing; and pain while lying
on the affected hip at night. All patients had tenderness on
palpation over the greater trochanter. Participants in this
study underwent pretreatment MRIs before receiving a
blinded injection of either corticosteroid injection or
leukocyte-rich, platelet-rich plasma. Before undergoing
MRI, each patient provided informed consent to participate
in the imaging investigation. Ethics approval was obtained
for this study.

Study Design

Two experienced musculoskeletal radiologists, radiologist 1
(R.O.) and radiologist 2 (K.B.), were used in the interpreta-
tion of scans for this study. Both radiologists have more
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than 30 years of experience in musculoskeletal MRI. To test
intraobserver reliability, each image was read twice on sep-
arate days by radiologist 1, and both radiologists indepen-
dently made readings of the same set of 41 scans for the
interobserver trial. To reduce bias, the first set of readings
from radiologist 1, obtained from the intraobserver trial,
were used in the calculation of the interobserver reliability.
This was to ensure that only the initial readings from both
radiologists were compared with each other.

MRI Unit

Multiplanar sagittal, axial, and coronal proton density and
fat-saturated T2-weighted images were obtained using a
Skyra 3-T superconducting MRI unit with Numaris/4
Syngo MR 11 software (Siemens), a slew rate of 200 T/m/s,
and 45 mT/m gradient amplitude with a high-resolution
18-channel surface coil anteriorly and the 32-channel body
coil posteriorly (Siemens). Scans were performed using
standard protocols based on the European Society of Skel-
etal Radiology guidelines.'® The majority of patients had
their scans taken by the same MRI unit, and any other
scans were performed at 3-T strength using the same
protocols.

MHIP Score Grading System

The MHIP score includes 5 categories: (1) extent of gluteal
tendinopathy (GT); (2) muscle fatty atrophy (FA); (3) tro-
chanteric bursitis (TB); (4) cortical irregularity (CI); and (5)
BME. These parameters were chosen based on the preva-
lence seen on MRI in lateral hip pain. Grading within each
category is determined as shown in Table 1, with a maxi-
mum of 5 points for GT, 4 for FA, 4 for TB, 3 for CI, and 1 for
BME. Scores from each category are then added together to
achieve an overall MHIP score (range, 0-17 points).

Interobserver Reliability

Radiologist 1 and radiologist 2 both interpreted the same
set of 41 scans for the interobserver reliability trial. For
each reading, the 2 radiologists recorded their MHIP scores
using the standardized table (Table 1). Both radiologists,
blinded to previous reports, interpreted deidentified scans
as many as 2 times within a 2-month period. A total of 41
results from radiologist 1 were compared against 41 results
from radiologist 2 in this trial.
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TABLE 1
The MHIP Grading Scale for Assessing Severity of Gluteal Tendinopathy on MRI

Bone Marrow
Edema
(Max: 1 Point)

Cortical
Irregularity
(Max: 3 Points)

Gluteus Medius/Minimus
Muscle Atrophy
(Max: 4 Points)

Trochanteric Bursitis
(Max: 4 Points)

Gluteus Medius/Minimus Tendinopathy
(Max: 5 Points)

Normal muscle: no fat (0  Absent (0 points) Absent (0 points)  Absent (0 points)
points)

Minimal atrophy: some

Normal (0 points)

Tendinosis: intermediate signal, no fluid Minimal: slip of fluid Mild (1 point) Present (1 point)

(1 point) fatty streaks (1 point) (1 point)
Insertional tendinosis: minimal increase in ~ Mild atrophy: fat Mild: ill-defined fluid Moderate (2 points)
size of tendon, minimal diffuse/ill-defined infiltrate less than (2 points)

increase in tendon fluid signal intensity muscle (2 points)
(2 points)

Low-grade partial-thickness tear: linear
increase in tendon fluid signal intensity
<50% (3 points)

High-grade partial-thickness tear: linear
increase in tendon fluid signal intensity
>50% (4 points)

Full-thickness tear: complete fluid signal (5
points)

infiltrate equal to
muscle (3 points)
Severe atrophy: fat

muscle (4 points)

Moderate atrophy: fat

infiltrate more than

Moderate: distended
bursa with round
margins (3 points)

Severe: displacement of
adjacent structures
(4 points)

Severe (3 points)

Intraobserver Reliability

The intraobserver reliability trial was based on the same 41
scans. Radiologist 1 read all 41 deidentified scans twice on
separate occasions without access to previous readings.
Each scan was graded using the standardized MHIP score
(Table 1). Altogether, there were 82 results, with 41 results
from the first reading compared against 41 results from the
second reading.

Statistical Analysis

Statistical analysis to determine the intra- and interob-
server reliability was made with the intraclass correlation
coefficient (ICC) using STATA Version 14 (StataCorp) and
a 2-way random-effects model with absolute agreement.
Fleiss® criteria were used to interpret ICC values, with
>0.75 representing excellent reliability, ICC between 0.4
and 0.75 representing fair-good reliability, and ICC <0.4
representing poor reliability.

RESULTS
Reliability of the MHIP Score

The intraobserver reliability for radiologist 1 was 0.81 (95%
CI, 0.67-0.89), and the interobserver reliability between the
2 radiologists was 0.78 (95% CI, 0.62-0.87). Following the
Fleiss? criteria, the intra- and interobserver reliability was
excellent for the MHIP score in determining the severity of
gluteal tendinopathy.

MHIP Score Distribution

The 41 scans were interpreted a total of 3 times: twice by
the first radiologist and once by the second radiologist. Of
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Figure 1. Distribution of Melbourne Hip MRI scores across all
readings.

a total of 123 readings, the mean MHIP score (+SD) was
3.93 £ 2.24, and the most common score was 3 out of
17 (19.51% of total patients). There was a wide distribu-
tion of results, with 0 and 11 being the lowest and high-
est scores achieved, respectively, out of a possible 17
(Figure 1). There was a strong correlation between the
grades by each radiologist. Figure 2 shows the distribu-
tion of scores: radiologist 1 graded 65.85% of scans <5,
and radiologist 2 graded 63.41% of scans <5. Similarly,
31.71% of scans were graded between 5 and 9 by radiolo-
gist 1 compared with 36.59% of scans by radiologist 2.
Figures 3 and 4 show examples of the MRI findings for
mild (MHIP score of 2) and severe (MHIP score of 8) glu-
teal tendinopathy.
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54 Scans Graded <5

82 Scans Read by 26 Scans Graded 5-9

Radiologist 1 L
2 Scans Graded >9

26 Scans Graded <5

(1st, 2nd, and 3rd readings)

41 Scans Read by
Radiologist 2

15 Scans Graded 5-9

Overall 123 GT Scans Interpreted

0 Scans Graded =9

Figure 2. Categorization of Melbourne Hip MRI scores based
on readings by each radiologist. GT, gluteal tendinopathy.

Figure 3. MRI scans of a patient with gluteal tendinopathy
and an MHIP score of 2 (GT=1,FA=0,TB=1,Cl =0, and
BME = 0). (A) Coronal fat-saturated T2 image showing mini-
mal edema in trochanteric bursa with no cortical irregularity or
marrow edema. (B) Axial fat-saturated T2 image showing min-
imal hyperintensity in the insertional fibers of the gluteus mini-
mus and minor trochanteric bursitis. BME, bone marrow
edema; Cl, cortical irregularity; FA, fatty atrophy; GT, gluteus
medius/minimus tendinopathy; MHIP, Melbourne Hip MRI
score; MRI, magnetic resonance imaging; TB, trochanteric
bursitis.

Elements of the MHIP Score

Table 2 lists the full scores for all MHIP score readings.
Trochanteric bursitis and tendon pathology were the most
common MRI signs, seen in 120 of 123 (97.56%) and 101 of
123 (82.11%) scans, respectively. Radiologist 1 reported
some extent of trochanteric bursitis in all 82 of his readings.
Partial and full-thickness tears were uncommon: A total of
22 of 123 (17.89%) scans reported low-grade partial-
thickness tears and 1 of 123 (0.81%) scans reported high-
grade partial-thickness tears. No scans were reported to
have full-thickness tears of the gluteal tendons. Cortical
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Figure 4. MRI scans of a patient with gluteal tendinopathy
and an MHIP score of 8 (GT=3,FA=0,TB=3,Cl=1, and
BME = 1). (A) Coronal fat-saturated T2 image showing moder-
ate trochanteric bursitis with minor cortical irregularity. (B) Axial
fat-saturated T2 image showing ill-defined increased signal
intensity and size of gluteus medius tendon and surrounding soft
tissue with discontinuity of tendon. BME, bone marrow edema;
Cl, cortical irregularity; FA, fatty atrophy; GT, gluteus medius/
minimus tendinopathy; MHIP, Melbourne Hip MRI score; MR,
magnetic resonance imaging; TB, trochanteric bursitis.

TABLE 2
Mean Elements for MHIP Score per Reading®
Reading 1 Reading 2 Reading 3
(n=41 (n =41 (n =41
Scans) Scans) Scans)

MHIP score overall, 4.049 +4.449 3.707 £ 4.566 4.024 + 4.483
mean = 2 SD

MHIP score <5
GT, mean = 2 SD
FA, mean + 2 SD

(n = 26) (n = 28) (n = 26)
1.115+1.818 0.857 +1.512 1.115+ 1.423
0.000 + 0.000 0.000 £ 0.000 0.038 = 0.392

TB, mean+2SD  1.462+1.017 1.393+£0.995 1.115+ 1.177
CI, mean + 2 SD 0.154 £ 0.734 0.214 £0.836 0.385 % 0.992
BME, mean +2 SD 0.000 + 0.000 0.000 + 0.000 0.000 £ 0.000
MHIP score 5-9 (n =14) (n=12) (n = 15)
GT, mean £ 2SD 2.357 £1.267 2.583 +1.030 2.267 + 1.407
FA, mean+2SD 0.286 +1.453 0.417 £ 1.586 0.667 + 1.447
TB, mean+2 SD  2.286 + 1.453 2.000 + 1.477 2.200 + 1.724
CI, mean + 2 SD 0.929 + 0.535 0.833 £0.778 0.933 +1.187
BME, mean+2 SD 0.143 +0.726 0.167 £ 0.778 0.333 £0.976

MHIP score >9 n=1) n=1) (n=0)
GT 3.000 4.000 —
FA 2.000 3.000 —
TB 4.000 4.000 —
CI 2.000 0.000 —
BME 0.000 0.000 —

“Dashes indicate no result in this field. Reading 1 = first read-
ing by radiologist 1; Reading 2 = second reading by radiologist 2;
and Reading 3 = first reading by radiologist 2. BME, bone marrow
edema; CI, cortical irregularity; FA, fatty atrophy; GT, gluteus
medius/minimus tendinopathy; MHIP, Melbourne Hip MRI score;
MRI magnetic resonance imaging; TB, trochanteric bursitis.

irregularity was seen commonly: 55 of 123 (44.72%). Muscle
atrophy and BME were relatively uncommon, seen in 16 of
123 (13.01%) and 8 of 123 (6.50%) scans, respectively.
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DISCUSSION
Interpretation of Results

The sensitivity and specificity of MRI in the diagnosis of
gluteal tendinopathy has been well-documented,*? and this
study assessed the reliability of a novel scoring system, the
MHIP score, which is used to determine the severity of
gluteal tendinopathy. The results showed an excellent
intra- and interobserver reliability across 2 highly experi-
enced radiologists interpreting 41 scans over a 2-month
period.

Our patient cohort consisted of 90% female participants,
and this is in keeping with the higher prevalence of gluteal
tendinopathy associated with women.?2 The high incidence
of trochanteric bursitis and tendon pathology seen in our
study is also consistent with the radiological literature to
date, indicating that these are 2 of the most common signs
of gluteal tendinopathy.!® However, the low incidence of
severe tendon pathology, particularly full-thickness tears
of the gluteal tendon, is likely due to the reason for presen-
tation of our patient cohort. The participants in our study
were receiving MRI scans in preparation for noninvasive
injection therapy in a randomized controlled clinical trial
that excluded participants with full-thickness tears.®!®
There was also a low incidence of BME, muscle atrophy,
and cortical irregularity. Particularly, muscle atrophy was
seen only in patients who received a total score of >4 out of
17. Given the mean score of 3.93, this could signify that
these 3 radiological signs were indicators of moderate to
severe gluteal tendinopathy.

Previous Studies Evaluating Radiological Outcome
of Gluteal Tendinopathy

To date, many studies have evaluated the progression of
clinical symptoms in response to treatment for gluteal ten-
dinopathy, but very few studies have focused on radiologi-
cal outcomes. One study has analyzed the effects of
treatment on gluteal tendinopathy using MRI,2 but no
studies have analyzed the radiological outcomes of treat-
ment using ultrasonography. Bucher et al? indicated that
there was no recognized, objective radiological scoring sys-
tem for gluteal tendinopathy. They used a previously
described but nonvalidated MRI scoring system to measure
the safety and effectiveness of autologous tenocyte injec-
tions in gluteal tendinopathy.?*

What Sets This Study Apart?

The MHIP score aims to address the gap in the literature
highlighted by Bucher et al? by providing a validated MRI
scoring tool so that clinicians can have a standardized and
reliable means to assess the severity of gluteal tendinopa-
thy. No previous studies have formed a validated scoring
system for this purpose. What sets our study apart from
previous radiological reviews of the gluteal tendon is that
the MHIP score is the first to combine isolated findings
across multiple studies. The criteria of the MHIP score was
based on 5 studies. Kong et al'” reported both direct and
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indirect MRI signs of gluteal tendinopathy, including ten-
don pathology, bursal fluid, bony changes, and fatty atro-
phy. Lequesne et al'® noted that 100% of patients with
clinical signs of gluteal tendinopathy had tendon pathology
and/or bursitis on MRI as well. This is consistent with other
studies that have found gluteal tendon changes are the
most prevalent pathology in those presenting with pain and
tenderness over the greater trochanter.!! Chi et al®
reported similar findings on MRI, with a focus on the
importance of finer classification of greater trochanteric
bursitis and gluteus medius/minimus tendon pathology in
the evaluation of gluteal tendinopathy. The severity of bur-
sitis was based on amount of fluid, margins, and effect on
adjacent structures. Tendon pathology was assessed based
on percentage of fluid signal intensity. Connell et al*
assessed patients with gluteal tendinopathy on sonography
and found that the most prevalent sign was tendon pathol-
ogy. Trochanteric bursitis and bony abnormalities were the
other less prevalent signs recorded in this study. Pfirrmann
et al?! found that tendon defects were significantly more
common in symptomatic patients (P < .001). Fatty atrophy
and bursal fluid collections were also significantly different
in symptomatic versus asymptomatic patients. Classifica-
tion of fatty atrophy was based on the ratio of fat to muscle
tissue, a grading system similar to one that has proven to be
reliable for use in rotator cuff muscles.>'° The MHIP score
also included marrow edema, a radiological sign commonly
associated with mechanical stress.'* Based on these find-
ings, we were able to collaborate the results to include 5
categories within the MHIP score: tendon pathology, fatty
atrophy, trochanteric bursitis, cortical irregularity, and
bony edema.

While Bucher et al? also assessed response to treatment
in recalcitrant gluteal tendinopathy, their scoring was
qualitative in nature and did not provide an easily compa-
rable result. This adapted scoring tool was based on the
findings from 1 study and analyzed the extent of tendon
signal intensity (normal/abnormal), osseous attachment
(absent/present), tendon diameter (thinning/normal/thick-
ening), and bursal fluid collection (absent/present). The
gluteus minimus tendon and the lateral and posterior com-
ponents of the gluteus medius tendon were analyzed sepa-
rately. The limited and general subcategorization of this
criteria may have made it difficult to appreciate the finer
differences of gluteal tendinopathy on MRI. Further, while
their scoring tool had excellent reliability, the results were
underpowered with only 24 scans (12 pretreatment and 12
posttreatment) available for the radiologists. The patients
initially used to validate the scoring tools were also exclu-
sively limited to surgical candidates, meaning that the
severity of their disease may have been worse, potentially
overlooking mild to moderate presentations, and skewing
results. This is of particular importance, given the need to
develop a nonsurgical treatment with proven long-term
benefits for patients with early stages of gluteal tendino-
pathy. Our study addressed some of these limitations by
having a greater number of scans and finer stratifications
in our subcategories. These changes meant that we could
create a more robust scoring system, reflected in our wide
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distribution of results while still maintaining excellent
intraobserver and interobserver reliability.

Limitations

All the MRI scans in this study were performed using 3-T
magnets. This is a limitation for those who have access to
only 1.5-T MRI scanners. A further limitation relates to the
observers. The group was solely radiologists whose experi-
ence may be different from orthopaedic surgeons or sports
physicians. Additionally, the use of 1 observer to calculate
interobserver reliability as well as the absence of a control
group should be noted. Further studies are required to dem-
onstrate the validity of the MHIP scoring tool in clinical
settings (for example, to identify whether the MHIP score
can identify response to treatment, define specific pathol-
ogy, or confirm surgical findings).

CONCLUSION

We found that the MHIP score had excellent intra- and
interobserver reliability in scoring gluteal tendinopathy.
This allows gluteal tendon pathology to be graded prior to
treatment and to be used for standardized comparisons
between results in future research undertaking radiologi-
cal review of gluteal tendinopathy.
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