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Chapter 4

Abstract

Background: Subacromial impingement syndrome (SIS) is frequently diagnosed,
but its underlying mechanisms are unclear and treatment results vary greatly. In the
recent past, it has been increasingly reported that SIS symptoms might be the result
of various underlying mechanisms that might need distinctive treatment strategies.
Our goal was to evaluate a comprehensive set of specific Magnetic Resonance
Imaging arthrography (MRA) characteristics that have been related with several
potential underlying mechanisms for SIS in the literature, in patients clinically
diagnosed with SIS. Our secondary aim was to define diagnostic subgroups with
these MRA characteristics.

Methods: Patients with the clinical label SIS were included by experienced shoulder
surgeons, based on symptoms, clinical tests and radiographs. MRAs of 47 patients
were evaluated. MRA characteristics associated with SIS and subacromial narrowing
in the literature were evaluated and categorized into three etiologic categories:
1) extrinsic: acromion shape, acromiohumeral distance, coracohumeral distance,
caudalacromioclavicularosteophytes,internalimpingement; 2) intrinsic: tendinosis,
partial tendon tears, bursitis, supraspinatus tendon thickness; 3) dynamic (e.g. signs
of glenohumeral micro-instability): glenohumeral index, biceps-supraspinatus
tendon distance. All measurements were compared to control values from the
literature. Cluster analysis was used to identify diagnostic subgroups.

Results: In 17 (36.2%) patients clinically diagnosed with SIS, signs of specific other
conditions, including rotator cuff tendon tears and labrum lesions were found
with MRA. In the remaining thirty patients, all had positive signs of one or more
of the predefined etiologic mechanisms. With cluster analysis, patients could be
categorized into two groups, with either predominantly findings corresponding
with dynamic ((micro)instability) causes, or extrinsic (structural) causes.
Conclusions: MRA characteristics in patients with SIS symptoms are heterogeneous
and many patients have specific other shoulder conditions causing symptoms.
Patients without specific other conditions appear to have MRA characteristics
associated with either an extrinsic (structural), or dynamic (e.g. micro-instability)
based etiology.

Keywords: Shoulder Impingement Syndrome; Magnetic Resonance Imaging;
Etiology; Rotator Cuff; Cluster Analysis
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Heterogeneous MRA findings in SIS patients

1. Introduction

Subacromial Impingement Syndrome (SIS) is diagnosed in 44-65% of the patients
with shoulder complaintsin primary health care.' SISis generally defined asirritation
of the soft tissues in the limited subacromial space, leading to pain with abduction,
decreased active range of motion and loss of arm force.>* Opinions concerning
its etiology, diagnostic criteria, corresponding radiographic characteristics, and
treatment strategies vary greatly.” >'* Nevertheless, there are many publications
on “SIS” patients. Conflicting definitions of SIS are used across these studies,
complicating interpretation of reported results.”* More insight in underlying causes
and identification of potential etiologic or diagnostic patient subgroups is needed
in order to improve diagnostic criteria and treatment outcome of SIS symptoms.
We investigated specific Magnetic Resonance Imaging (MRI) features related with
SIS and subacromial narrowing in the literature, in patients clinically diagnosed
with SIS, and we assessed whether diagnostic subgroups can be identified using a
comprehensive combination of MRI arthrography features. Gathered information
might serve as a foundation for future studies upon which clinical decision making
and development of tailored treatment strategies can be based.

“Impingement syndrome” was introduced in 1972 by dr. Neer as a combination of
typical clinical findings with various underlying mechanisms and stages.' Over the
years, this evolved to the “subacromial impingement syndrome”, which (wrongfully)
suggests high specificity and anatomic differentiation of this entity. Since 1972,
many diagnostic tools have been developed, including ultrasound, MRI and MRI
arthrography (MRA), that can more accurately differentiate between causes of
shoulder symptoms.’®'8 Consequently, “SIS” has become increasingly controversial
as a diagnostic label. Some consider SIS symptoms as a consequence of several
possible underlying mechanisms and pathologies rather than a specific diagnosis.™
Furthermore, several conditions can cause SIS symptoms and can be (mistakenly)
diagnosed as SIS; in a recent study at our institution 17.5% of patients selected for a
SIS trial by experienced shoulder surgeons had to be excluded after MRI evaluation
because of specific other shoulder conditions.?

Various studies have reported on specific MRl or MRA findings in patients with
impingement symptoms. Characteristics for extrinsic etiologic mechanisms
(structural or anatomic causes) are a hooked acromion,?' caudal acromioclavicular
(AC) joint osteophytes,?>?> or subcoracoid impingement (narrowed space between
coracoid and humerus).?*?° But also signs of intrinsic pathologies can be found,
including tendinosis, partial RC tears and bursitis,**3 either as a cause of SIS
symptoms, or consequent to other etiologic mechanisms. Lastly, SIS symptoms can
be caused by dynamic compression of the subacromial tissues during arm-shoulder
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motion, as a result of e.g. glenohumeral (micro)instability, with specific associated
findings on MRI 363

The primary goal of the current study was to investigate a group of patients with
the clinical diagnosis SIS with MRA and a broad set of specific measurements, in
order to evaluate characteristics of the various reported etiologic mechanisms of SIS
symptoms. Additionally, we aimed to identify actual diagnostic subgroups, using
the comprehensive set of MRA characteristics.

2. Materials and Methods

2.1 Selection of participants

Patients withimpingement symptoms were recruited by 3 experienced orthopaedic
shoulder surgeons from Leiden University Medical Center (LUMC), the Hague
Medical Center (MCH) and Rijnland Hospital, Leiderdorp in an ongoing prospective
multicenter observational cohort study on SIS. Data collecting included kinematic,
clinical and radiographic methods.*” In the current study, MRA characteristics of all
consecutive patients included from April 2010 until December 2012 are reported
and compared with control values from the literature.

Patients were enrolled after clinical examination and shoulder radiographs
(anteroposterior in external and internal rotation and axial views) at the outpatient
clinic. Inclusion criteria were one or more of the following criteria in addition to a
painful arc, a positive Neer impingement test with lidocaine, a positive Hawkins
test, and diffuse lateral shoulder pain for >3 months: night pain or incapable of
lying on the shoulder, scapulohumeral dysrhythmia, pain with retroflexion and/or
internal rotation (e.g. putting on a jacket, overhead activities), positive Yocum test.
Exclusion criteria were: age <35 or >60, clinical signs of adhesive capsulitis, history
of fracture or dislocation of the shoulder, history of surgery around the shoulder,
known co-morbidities on the affected shoulder (including benign or malignant
tumours), Hill Sachs lesion, glenohumeral or symptomatic AC joint osteoarthritis
(positive AC compression test and/or pain with palpation of the AC joint), rheumatic
disorder, calcific tendonitis >3mm on radiographs or cervical radiculopathy or other
neurological deficits.

The medical ethics committees of the participating hospitals agreed to all stages of
the study. Eligible patients who were willing to participate in the entire SIS project
and who signed informed consent underwent a study-specific MRA of the shoulder
and kinematic evaluation in our laboratory for kinematics and neuromechanics
(LK&N). Patients had standard treatment by their referring clinician outside of the
scope of this study.
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2.2 MR Arthrography

MRA extendsthe capabilities of conventional MRl because contrast solution distends
the joint capsule, outlines intra-articular structures, and leaks into abnormalities
like tendon tears.*® We used fluoroscopic guidance for intra-articular contrast
administration with a 20-22 Gauge needle. After correct needle positioning, checked
with 1-2 cc of nonioniciodinated contrast (Ultravist 300, Bayer), a maximum of 15 cc
of diluted Gadolinium DTPA (0.4 cc:100 cc 0.9% NaCl) was administered.
Standardised MR imaging was performed 30 minutes after contrast administration
on a 1.5T unit (Avanto Siemens, Erlangen, Germany, or Philips Intera, Best, The
Netherlands) with a dedicated shoulder coil and the arm in neutral position (with
slight internal rotation). The following sequences were used: axial, coronal oblique,
sagittal oblique, T1-weighted fast spin-echo with fat suppression and coronal
oblique T2-weighted with fat suppression. The field of view was 16-18cm, slice
thickness 3mm or 4mm with Tmm gaps.

2.3 MR Arthrography assessment

The MRA images were evaluated by an experienced musculoskeletal radiologist
at the LUMC, unfamiliar with the underlying hypotheses of this study, using
PACS IDS5 11.4 software (Sectra Medical Systems AB, Linkoping, Sweden). With a
standardized MRA check-list, specific other conditions that can cause SIS symptoms
were evaluated in all patients, including SLAP (Superior Labrum Anterior-Posterior)
lesion, os acromiale, pulley lesion, Hill Sachs lesion, biceps tear or (sub)luxation of
the biceps tendon, glenohumeral ligament pathology, or full-thickness RC tendon
tear.

Patients with SIS symptoms without signs of other specific shoulder conditions
were assessed for the presence of MRA characteristics typically associated with
etiologic mechanisms for SIS symptoms in the literature. All cut-off values to define
pathologic observations were obtained from 95%-confidence intervals (95%-Cl) of
healthy control data from the literature. Where applicable, Taylor expansions were
applied to calculate 95%-Cl's of literature data.

MRA characteristics were categorized, using a theoretical framework for the
etiology of SIS derived from our previous study in which we reported that SIS, i.e.“a
misbalance between subacromial volume and the space needed for subacromial
structures” can be caused by:¥
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1) Encroachment of subacromial tissues by anatomic structures (extrinsic):

Acromion shape (Bigliani classification, classic extrinsic theory)*' on
sagittal oblique MRA series. A higher classification, i.e. more hooked
shape, has been related to SIS.?" 2 Bigliani type 2 or 3 (sagittal plane)
classificationswereregardedindicativefor“classic”extrinsicimpingement.
Minimal acromiohumeral (AH) distance (classic extrinsic theory). A
smaller distance implies risk for mechanic structural impingement.*>
3 AH <8.2mm (coronal plane) was considered indicative for extrinsic
impingement.*

Subcoracoid impingement (between coracoid and humerus): decreased
coracohumeral (CH) distance.?®** Based on the results of Richards et al.
CH distance <9.6mm (transverse plane) was considered pathologic.*®
(Figure 1)

AC joint osteoarthritis: osteophytes can impinge on the underlying
tissues.??2%46 Caudal osteophytes >2mm (coronal plane) combined with
a deformity in the contour of underlying RC tendons in patients with
otherwise asymptomatic AC osteoarthritis (negative AC compression test
and no pain with palpation of the AC joint) was considered contributing
to SIS.” (Figure 2)

Internal (glenoid) impingement: structural narrowing between the
greater tuberosity and the posterosuperior glenoid, entrapping RC
tendons during abduction and external rotation. The combination of
cystic changes within the posterolateral humeral head, posterior articular
surface tear(s) of the infraspinatus (ISP) and/or Supraspinatus (SSP) and
posterior labrum abnormalities was considered indicative of internal
impingement.”

2) Intrinsic impingement. For this category, we assessed:

Presence and location of RC tendinosis.'*3" 32 Patients were categorized
in: tendinosisin 0, 1 or >1 tendons.

Presence of partial RC tendon tears and location (affected RC tendon(s),
articular/bursal side, intratendinous).3* " Patients were categorized in:
partial tearin 0, 1, or >1 tendons.

Subacromial bursitis, defined as bursalfluid effusion with awidth >3mm.3*
Maximal SSP tendon thickness, measured in the coronal plane at 1.5cm
from the footprint.>* 33 (Figure 3) Based on the data of Milgrom et al, <5.9
and >6.3 were applied as cut-off values for pathologic tendon thickness.*
Maximum SSP tendon thickness was divided by the minimal AH-distance
to obtain a relative measure of the amount of AH available for the SSP
tendon.
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3) Dynamic impingement, e.g. due to (micro)instability:

Glenohumeral (GH) index: measure for the amount of bony support for
the humeral head provided by the glenoid ((maximal glenoid diameter)/
(maximal humerus diameter), transverse plane).®*° (Figure 4) GH-index
<0.61 was considered indicative of (micro)instability.*®

Distance between the anterior edge of the tendon of the long head of
the Biceps (LHB) and the anterior edge of the SSP tendon (4th slide after
the base of the coracoid, sagittal plane). (Figure 5) Based on Provencher
etal. a distance >4.0mm was considered indicative for micro-instability.*

Figure 1. Coracohumeral (CH) distance.

Based on the results of Richards et al.** we considered CH
distance <9.6mm as measured in the transverse plane as
pathologic.
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Figure 2. Example of caudal osteophytes >2mm in a
patient with signs of acromionclavicular joint
osteoarthritis on MRA, in combination with a deformity in
the contour of the underlying subacromial tissues.

SSP

~ Thickness

Figure 3. Maximal SSP tendon thickness, measured in the
coronal plane at 1.5cm from the footprint.

Based on the data of Milgrom et al, <5.9 and >6.3 were
applied as cut-off values for pathologic tendon thickness.*
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Figure 4. Glenohumeral (GH) index: measure for the
amount of bony support for humeral head provided by
the glenoid ((maximal glenoid diameter)/(maximal
humerus diameter), transverse plane).

GH-index <0.61 was considered indicative of instability.*®

Figure 5. The distance between the anterior edge of the
tendon of the long head of the Biceps (LHB) and the
anterior edge of the Supraspinatus (SSP) tendon (4th slide
after the base of the coracoid, sagittal plane).

A distance exceeding 4.0mm can be regarded indicative
for micro-instability. According to Provencher et al. a more
posterior LHB, more “tucked” under the SSP, should be
expected in asymptomatic controls.3*
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2.4 Statistical analysis

Descriptive MRA data and patient demographics were collected. Means and
standard deviations (SD), or medians and ranges where relevant, were calculated
for each variable. The control cut-off values obtained from the 95%-confidence
intervals of healthy control data reported in the literature (see above) were applied
to assess whether patients had (pathologic) MRA characteristics associated with
one or more of the hypothesized etiological mechanisms.

AWard’s clusteranalysis was used, in ordertoinvestigate potential diagnostic patient
subgroups.® With cluster analysis, subjects are assigned to groups (clusters) based
on individual characteristics. Each cluster contains subjects that are more similar to
each other than to subjects in the other clusters. In this way, patients with similar
characteristics can be classified into specific subgroups. Identified subgroups were
compared with regards to MRA characteristics and demographics using one-way
ANOVA or Chi-squared analyses where appropriate.

Analyses were processed using SPSS 16.0 software (SPSS Inc., Chicago, Illinois) and
R 2.10.0 Statistics software (R Foundation, Vienna, Austria). P-values <0.05 were
considered statistically significant.

3. Results

3.1 Patient characteristics

During the inclusion period, 75 patients were invited to participate in the larger SIS
study project. 25 Patients could not be included: 14 declined, 5 had clinical signs
of AC osteoarthritis, 4 had calcific tendonitis on radiographs, 1 had a history of
shoulder surgery and 1 had frozen shoulder syndrome. The remaining 50 patients
fulfilled the eligibility criteria after usual care clinical and radiographic evaluation
and underwent the study-specific MRA.

In 3 patients, MRAs could not be assessed for study purposes,due toinadequateintra-
articular distribution of contrast fluid. All remaining 47 patients showed pathologic
signs with MRA evaluation. In 17 (36.2%) patients clinically diagnosed with SIS,
signs of specific other shoulder conditions were found: full-thickness RC tear in 11
(64.7%), labrum abnormalities (not in combination with internal impingement) in 3
(17.6%), glenohumeral ligament lesions in 2 (11.8%) and calcific tendonitis >3mm in
1 (5.9%). The remaining 30 patients (63.8%) were considered as actual SIS patients
(i.e. without specific other conditions causing symptoms), and were studied with
regards to SlIS-related characteristics on MRA. Demographics of both groups are
displayed in table 1.
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SIS Other shoulder conditions with MRI
Variable (n=30) (n=17)
Age (years) 51.5[6.4] 52.2[6.1]
Male : Female 12:18 5:12
BMI 26.6 [4.2] NA
Left arm dominant (No.) 5(16.7) NA
Dominant arm affected (No.) 16 (53.3) NA

Table 1. Patient demographics, stratified for patients with the diagnostic label “subacromial
impingement syndrome (SIS)” after clinical evaluation, radiographs and MR arthrography, and
patients with specific other pathologies identified on MR arthrography causing SIS-like symptom:s.
(%), [SD]

3.2 MRI characteristics in SIS patients

In 5 patients, the obtained MRAs were not adequate to measure LHB-SSP distance
(n=4) or CH distance (n=1). All other measurements of these patients were included
in the analyses.

All 30 patients had positive signs for one or more of the predefined etiologic
mechanisms.Firstly, for characteristics associated with extrinsicetiologic mechanism
(i.e. encroachment of subacromial tissues by anatomic structures), 21 (70.0%)
patients had a type 2 or 3 acromion. Mean AH distance was 8.0mm (SD=1.5), which
was below the 8.2mm cut-off in 19 (59.4%) patients. In 16 (53.3%) both of these
measurements for “classic” extrinsic impingement were positive. Furthermore, 12
patients (41.4%) had MRA signs of AC joint osteoarthritis (despite positive physical
examination tests for AC osteoarthritis was an exclusion criterion) with caudal
osteophytes >2mm impinging on the underlying tissues. Mean CH distance was
11.0mm (SD=3.1): below the 10.4mm cut-off in 12 patients (41.4%). There were no
patients fulfilling all internal impingement criteria.

Secondly, intrinsic characteristics (either as a primary cause of SIS symptoms, oras a
consequence of the other etiologic mechanisms) were found in 28 (93.3%) patients.
11 (36.7%) had tendinosis in one RC tendon (all SSP) and 5 (16.7%) had tendinosis in
more than one tendon (all SSP and ISP). There were 5 (17.2%) patients with a partial
SSP tendon tear (1 bursal side, 1 intratendinous, 3 articular side), 4 (13.8%) patients
with a partial ISP tendon tear (all articular side) and 3 (10.3%) patients with an
articular side tear in both the ISP and SSP tendon. Furthermore, 9 (30%) had bursitis
and 25 (83.3%) had a pathologic SSP tendon thickness: <5.9mm in 5 (16.7%) and
>6.3mmin 20 (66.7%).In 27 (96.4%), there were signs of intrinsic etiology, combined
with positive findings of one or more of the other reported etiologic mechanisms.
Thirdly, for findings of dynamic mechanisms (i.e. motion-related causes of SIS
symptoms, e.g. due to glenohumeral (micro)-instability), mean GH-index was 0.61
(SD=0.04) and mean LHB-SSP distance 4.5mm (SD=3.1). (Table 2) GH-index was
below the 0.61 control cut-off in 14 (46.7%) patients, indicative for micro-instability.
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The LHB-SSP distance was higherthan the 4.0mm cut-off valuein 11 (42.3%) patients.
In 6 (23.1%) patients, both measurements were indicative for (micro)instability.

SIS patients (n=30) Indicative for SIS
Variables Mean Cut-off No. (%)
Structural etiology (extrinsic)
Type of acromion Type 2/3 212 21 (70.0)
1 (No.) 9(30.0) NA
2or3(No.) 21 (70.0) NA
Min. acromiohumeral distance (mm) 8.0[1.5] <824 19 (59.4)
Coracohumeral distance (mm) 11.0[3.1] <9.6% 10 (34.5)
Internal impingement (No.) 0(0.0) present % 0(0.0)
AC-osteoarthritis & osteophyte >2 mm (No.) 12 (40.0) present 12 (40.0)
Intrinsic etiology
Tendinosis present '331:32 16 (53.3)
No tendon (No.) 14 (46.7) NA
1 tendon (No.) 11 (36.7) NA
>1 tendon (No.) 5(16.7) NA
Partial rotator cuff tear present 344 12 (40.0)
No tendon (No.) 18 (60.0) NA
1 tendon (No.) 9(30.0) NA
>1 tendon (No.) 3(10.0) NA
Bursitis (No.) 9 (30.0) present * 9 (30.0)
Max. thickness SSP tendon (mm) 5.2[1.1] <590r>63% 25(83.3)
Max. Relative thickness SSP tendon 0.67 [0.19]
Dynamic etiology
Glenohumeral index 0.61[0.04] <0.61% 14 (46.7)
Distance SSP-LHB (mm) 4.5[3.1] >4.,03¢ 11(42.3)

Table 2. Positive MR arthrography characteristics for the various hypothesized etiologic mechanisms
for SIS.

Findings presented for patients with SIS symptoms without any other shoulder pathologies with clinical
investigation, radiographs and MR arthrography.

Applied cut-off values were obtained from the literature (references indicated).

((%), [SD], LHB: tendon of the long head of the biceps, SSP: Supraspinatus tendon)

3.3 Cluster analysis

Bigliani classification, caudal AC osteophytes, RC tendinosis, SSP tendon thickness,
GH index and LHB-SSP distance were entered in the cluster analysis. Five patients
could not be included in this analysis, because of missing values in one or more of
the included variables.

The resulting cluster diagram contained 2 main clusters: cluster | with 8 patients
(32.0%) and cluster Il with the remaining 17 (68.0%) patients. Cluster | included
patients with a more extrinsic related etiology, with significantly higher Bigliani
classifications (all had type 2 or 3 classifications), a significantly lower LHB-SSP
distance and a higher GH-index (both pleading against glenohumeral (micro)
instability), more females and more bursitis compared to cluster I, which contained
patients with more positive signs for dynamic related etiology, e.g. related with
glenohumeral (micro)instability. (Table 3)
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Cluster| Cluster Il Difference
Extrinsic Dynamic
(n=8) (n=17)
Variables Mean Mean Mean p-value
Demographics
Age (years) 47.8[7.0] 51.4[6.2] 3.7 0.20
Male : Female 1:7 10:7 NA 0.03
Structural etiology (extrinsic)
Type of acromion 0.03
1 (No.) 0(0.0) 7(41.2) NA
2or3(No.) 8(100.0) 10(58.8) NA
Min. acromiohumeral distance (mm) 8.6[1.5] 7.7[1.3] 0.9 0.13
Coracohumeral distance (mm) 10.8 [3.6] 11.4[3.3] 0.62 0.69
Internal impingement (No.) 0(0.0) 0(0.0) NA NA
AC-osteoarthritis & osteophyte >2 mm (No.) 1(12.5) 7(41.2) NA 0.15
Intrinsic etiology
Tendinosis 0.26
No tendon (No.) 4 (50.0) 10(58.8) NA
1 tendon (No.) 4 (50.0) 4(23.5) NA
>1 tendon (No.) 0(0.0) 3(17.6) NA
Partial rotator cuff tear 0.52
No tendon (No.) 6 (75.0) 9(52.9) NA
1 tendon (No.) 2(25.0) 7 (41.2) NA
>1 tendon (No.) 0(0.0) 1(5.9) NA
Bursitis (No.) 4 (50.0) 2(11.8) NA 0.04
Max. thickness SSP tendon (mm) 5.6[1.3] 5.0[0.8] 0.6 0.23
Max. Relative thickness SSP tendon 0.66[1.17]  0.67[0.19] 0.01 0.86
Dynamic etiology
Glenohumeral index 0.63[0.03]  0.60[0.05] 0.03 0.09
Distance SSP-LHBT (mm) 1.3[1.7] 6.0 [2.5] 4.7 <0.01

Table 3. Comparison of the two identified etiologic subgroups after cluster analysis.

Cluster 1 included patients with a more extrinsic related etiology, more females, with a higher GH-index,
a significantly lower LHB-SSP distance, more bursitis and significantly higher Bigliani classifications
compared to cluster I, which contained patients with more positive signs for a (micro)instability related
etiology.

( (%), [SD], LHB: tendon of the long head of the biceps, SSP: Supraspinatus tendon)

4, Discussion

Our results show that in patients clinically diagnosed with SIS by experienced
shoulder surgeons, MRA characteristics of various underlying causes can be found.
And in many patients, SIS symptoms actually appear to be associated with specific
other shoulder conditions, mistakenly diagnosed as SIS. All remaining patients
had pathologic MRA characteristics, that were either associated with extrinsic
impingement etiologic mechanisms (e.g. bony structures impinging on underlying
tissues), or with dynamic motion-related impingement etiologic mechanisms (e.g.
glenohumeral (micro)instability). Almost all patients showed signs of intrinsic
pathology, either as a primary cause of SIS symptoms, or secondary to the other
etiologic mechanisms.

77

Chapter

A




Chapter 4

Itisimportant to note that the current study doesn’t specifically advocate the use of
MRA as an early step in the diagnostic process of SIS. And with the current results,
it's not possible to design e.g. specific diagnostic criteria or diagnostic flow charts
for SIS symptoms. The main goal was to thoroughly investigate a group of patients
clinically diagnosed with SIS, for signs of various potential underlying mechanisms
and other pathologies that can cause SIS symptoms. Our results show that SIS
is indeed not a clear-cut and specific diagnostic label, despite its terminology,
suggesting specificity and anatomic differentiation.

4.1 Heterogeneous findings in SIS patients

There is no consensus on a specific definition or a set of clinical or radiological
characteristics that encompass SIS. Despite this, acromionplasty, which is based on
the classic extrinsic etiologic theory (1972),'% is a frequently performed surgery for
SIS symptoms and one of the most performed orthopaedic surgeries in general.”
However, its success rates are highly variable®>>> and good clinical outcome
has been reported for patients in whom the acromial shape is not altered.2® 56-¢0
These contradicting results stress the need for a better understanding and better
diagnostic strategies to identify the probable different phenotypes of shoulder
pain that are often diagnosed as SIS, in order to target treatment to the principal
underlying etiologic mechanism.

We found that 17 of 47 patients (36.2%) clinically diagnosed with SIS had specific
other shoulder conditions with MRA. In the remaining 30 patients, all patients
had positive signs of the predefined potential etiologic mechanisms. 28 (93.3%)
Had signs of intrinsic etiology (either primary, or secondary to other underlying
mechanisms). With cluster analyses, 2 main subgroups of patients with distinct
MRA characteristics could be identified, with statistically significant differences
between both groups. One cluster had primarily characteristics suggestive for
structural extrinsic etiology and the other had primarily characteristics of dynamic
(motion-related) causes, including glenohumeral (micro)instability. This supports
the categorization in the predefined etiologic mechanisms. It is plausible that more
tailored diagnostics and treatment strategies need to be developed for these and
potential other underlying subgroups in patients with SIS symptom:s.

4.2 Extrinsic etiologic mechanisms

According to the classic extrinsic mechanism, SIS symptoms can be the result of
impingement of the acromion on the RC tendons. Several authors have reported a
relation between a hooked acromion and SIS.?": 596163 Accordingly, in our study, 24
(80.0%) patientshad atype 2 or3acromion,whichismuchhigherthantheprevalence
in the literature for asymptomatic individuals.* However, 22 of these patients also
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had signs of other potential etiologic mechanisms, including AC osteoarthritis with
subacromial osteophytes, or even glenohumeral (micro)instability (not extrinsic).
Additionally, many authors have reported on the difficulties in assessing acromion
shape and others contradict the often suggested relation between acromion and
SIS.12:61.65 This underlines that SIS symptoms are not necessarily always caused by
a hooked acromion, and that the indications of acromionplasty might be more
questionable than often suggested.

For the other (non-classic) extrinsic mechanisms, subcoracoid narrowing was found
in 10 (33.3%) patients. But subcoracoid impingement is a clinical diagnosis and CH-
narrowing on MRI should be related to clinical findings.?® None of our patients had
subscapularis tendon pathology with clinical and MRI evaluation.

With regards to AC-osteoarthritis, 12 (41.4%) patients had osteophytes impinging
on subacromial tissues, of whom none had clinical symptoms pointing to AC-
osteoarthritis (positive AC compression test, or pain with palpation of the AC joint).
In support of this, a previous MRI study reported a prevalence of AC-osteoarthritis
signs in 93% asymptomatic middle-aged individuals.®® Although direct symptoms
of AC-osteoarthritis itself can be absent, the condition can indirectly cause SIS
symptoms due to actual impingement on the RC by caudal osteophytes.?32% 4
Hébert et al. reported that a decreased acromiohumeral (AH) distance on MRI is
associated with SIS.** Although often linked to a hooked acromion, AH narrowing
can also be caused by e.g. glenohumeral (micro)-instability and/or pathologic
kinematics.Hence, bothdiagnosticsubgroupsidentified withourclusteranalysiscan,
at least in theory, come with “structural” (extrinsic) or “dynamic” ((micro)-instability)
AH narrowing. We found 19 (59.4%) patients with AH narrowing (<8.2mm). There
was no difference in AH distance between both subgroups of the cluster analysis.
In our view, the AH distance on MRl is a poor indicator for “classic” extrinsic SIS. This
is supported by Mayerhoefer et al., who found no significant correlation between
acromion morphology and AH distance.®

4.3 Intrinsic etiologic mechanisms

We found 28 (93.3%) patients with signs of intrinsic etiologic mechanisms. Various
authors suggest intrinsic mechanisms can be a cause of SIS." 5% But signs of
intrinsic etiologies might also be secondary to other etiologic mechanisms. For
example, it has been suggested that bursal side tendon tears suggest extrinsic
etiology (i.e.impingement by bony structures), whereas articular side tears suggest
intrinsic etiology.®” ¢ This could not be confirmed in our study where the majority
of the observed partial tears were on the articular side, and not on the bursal side,
where they would be expected if caused by encroachment by e.g. the acromion.”
And overall, 27 of 28 patients with signs of intrinsic etiologic mechanisms also had
characteristics of the other hypothesized etiologic mechanisms.
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4.4 Dynamic impingement

Several authors have reported pathologic motion patterns and glenohumeral
(micro)instability can lead to SIS, due to relative cranialisation of the humerus with
respect to the scapula/acromion during arm motion.>3° We identified 19 (70.0%)
patients with a GH-index (<0.61) and/or LHB-SSP distance (>4.0mm) suggestive for
GH (micro)instability. In the final cluster analysis, a dynamicimpingement subgroup
of 17 patients could be identified, with an average GH-index of 0.60 and an average
LHB-SSP distance of 6.0mm, both outside the confidenceintervals of values reported
for healthy asymptomatic subjects. Additionally, Bigliani acromion classifications
were significantly lower in this subgroup, compared to the other identified
(“extrinsic”) subgroup. Although not investigated in this study, acromionplasty
theoretically makes less sense as a treatment for patients with generally signs of
(micro)instability instead of extrinsic causes.

4.5 Limitations

Our study is subject to some limitations. Firstly, the diagnosis of SIS, even by
experienced shoulder surgeons, may be subjected to variability. Secondly, we did
not investigate a control group, due to ethical considerations regarding exposure
to contrast injections and MRA. We did, however, compare our results to 95%
confidence intervals of control values available from the literature, obtained from
healthy subjects. Thirdly, we applied control values of AH distance obtained from
a study of Hebert et al.** They used an open MRI, where subjects were in erected
position with the arm alongside the body (gravitational forces present). This could
have led to arelatively larger AH compared to standard MRlIs, as applied in our study.
We were unable to find another publication reporting on MRI-based AH control
values with SD's or confidence intervals. Overall, this could have implicated that
the number of patients we classified as having a pathologic AH is overestimated.
However, AH cut-off values were not used in the cluster analysis, which we used
to identify potential etiologic patient subgroups. Fourthly, we were unable to find
publications on GH-index values based on MRI. Therefore, we used the studies
of McPherson (cadavers and radiographs) and Van Den Bogaert (cadavers and
Computed Tomography).*®* Lastly, the final group of SIS patients was relatively
small, partially due to the high number of patients who appeared to have other
specific pathologies with MRA evaluation, which is actually also an important
outcome of our study. Despite the small number, we were able to identify MRA
characteristics for various etiologic mechanisms and to classify patients into
significantly different diagnostic subgroups.
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5. Conclusions

VariouspathologicMRAfindingscanbedemonstratedinpatientsclinicallydiagnosed
with SIS. These findings can be related with several underlying mechanisms that can
cause SIS symptoms. Even more, in many patients specific other diagnoses (e.g.
full-thickness RC tear, labrum abnormalities, glenohumeral ligament lesions and
calcific tendonitis) can be found, possibly causing the SIS symptoms. With regards
to etiologic mechanisms in patients without specific other shoulder conditions on
MRA, some patients have predominantly signs associated with dynamic or motion
related etiology (e.g. decreased GH index or increased distance between LHB and
SSP tendons, which are signs of glenohumeral (micro)instability), whereas in others,
there are predominantly signs associated with extrinsic etiology (e.g. hooked
acromion). Practically all patients show signs of intrinsic problems (e.g. tendinosis),
that can be either primary, or secondary to dynamic or extrinsic causes.

Hence, in patients clinically diagnosed with SIS, signs of various underlying
mechanisms or even various underlying diseases can be found. This underlines SIS
is a pain syndrome and not a specific diagnosis. The (wrongful) use of SIS as a specific
diagnostic label is one of the explanations for the great variations in treatment
outcomes of the many reported treatment strategies for SIS symptoms. We advise
the use of additional imaging with e.g. ultrasound, MRI and/or MRA to further
investigate underlying causes of symptoms when studying patients with “SIS” in
a research setting, or when considering invasive treatment in case of persisting
SIS symptoms in clinical practice.”” Possibly, patients with predominantly signs of
dynamic mechanisms need different treatment pathways than patients with signs
of extrinsic mechanisms.
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