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Characterization of Infraspinatus Tendon Anatomy: @ ®
The Soft-Tissue Portion of Remplissage

updates.

Thomas J. Kremen Jr., M.D., Carl-Henri Monfiston, M.S., John M. Garlich, M.D.,
Milton T. M. Little, M.D., and Melodie F. Metzger, Ph.D.

Purpose: To characterize the morphology of the infraspinatus (IS) tendon and evaluate the bony anatomy of the humeral
head (HH) to determine if there is a correlation between HH measurements and the amount of available IS tendon.
Methods: The superior-inferior width as well as the medial-lateral (M-L) length of the inferior and superior portions of
the IS tendon were measured in 15 human cadaveric shoulders. Three measurements were then obtained for each
corresponding humeral head: (1) anterior to posterior (A-P) distance, (2) midcoronal humeral head distance (MCHH), and
(3) M-L distance. Pearson correlation coefficients (R) of tendon measurements relative to HH measurements were
determined. Results: The mean + SD HH measurements were 44.3 £+ 3.3 mm for A-P, 49.3 £+ 3.4 mm at the MCHH, and
52.2 £ 3.4 mm in the M-L plane. The mean M-L length of the superior portion of the IS tendon was significantly different
from the inferior portion (42.4 vs 31.0 mm, P < .0001). The mean £ SD width of the IS tendon was 19.4 + 3.0mm. There
was a statistically significant correlation (R = 0.58) between the M-L length of the superior IS tendon relative to the M-L
HH distance (P < .05) and the A-P HH distance (P < .05). Conclusions: The superior M-L IS tendon length was
significantly greater than the inferior M-L length. The M-L HH and the AP HH distances were significantly correlated to the
M-L length of the superior portion of the IS tendon. These relationships may provide an estimation of the length of
available IS tendon to help guide the management of Hill-Sachs lesions (HSLs). Clinical Relevance: Knowledge of the
available IS length can help optimize the management of HSLs following anterior shoulder dislocation. If IS tendon M-L
length is less than HSL M-L length, then remplissage may result in capsulomyodesis rather than tenodesis. Placement of
the superior anchor in a position that is as superior as possible within the HSL defect will maximize the opportunity for IS
tenodesis.

instability. These impaction fractures have been iden-
tified in 47% of individuals with a first-time gleno-
humeral dislocation and greater than 80% of patients
experiencing recurrent anterior instability."* This bony
pathology, referred to as a Hill-Sachs lesion (HSL),” is

Injuries to the posterior humeral head are a common
sequela associated with traumatic anterior shoulder
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recognized as a significant risk factor for recurrent
anterior shoulder instability even after arthroscopic
repair of a Bankart lesion as this anatomic deformity
can create an articular length mismatch between the
humeral head and glenoid.*® The remplissage proced-
ure was developed to counteract this bony mismatch by
fixing the posterior superior rotator cuff tissue and
capsule within the HSL to fill the humeral head defect
with soft tissue. This effectively establishes a soft-tissue
bumper to help prevent bony engagement of the hu-
meral head on the glenoid."”

Biomechanical studies have demonstrated that HSLs
involving 30% of the humeral head can lead to hu-
meral head engagement on the glenoid, even after
Bankart repair, and that remplissage procedures are
capable of significantly decreasing the risk of subse-
quent instability among patients with clinically
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significant HSLs (i.e., those involving 20% to 40% of
humeral head volume) and subcritical (<20%) glenoid
bone loss. "% ! Furthermore, with the introduction of
the “glenoid track” concept, there is increased attention
directed at quantifying the relevant size of HSLs in the
setting of recurrent instability.">'* While HSL
morphology and boney changes have been character-
ized to help guide treatment approaches, characteriza-
tion of the available infraspinatus (IS) tendon tissue for
remplissage procedures has received little to no atten-
tion. Although others have recognized that remplissage
often involves capsulodesis and/or capsulomyodesis in
addition to tenodesis,”’ assessments of IS tendon
anatomy relative to measurable humeral head
anatomic parameters have not been described. The size
of an HSL and the humeral head (HH) can be easily
measured with advanced imaging, but assessing tendon
length is more challenging. For example, Saito et al.'’
noted that the medial-lateral (M-L) length of HSLs
can be greater than 30 mm, yet estimates of M-L IS
tendon length have not been reported. Thus, knowl-
edge of IS tendon measurements relative to the HH may
assist surgeons with estimating IS tendon length and
preoperative planning. In addition, while rotator cuff
tendon repairs to bone heal with predictable suc-
cess,''” the results of direct IS musculotendinous
junction tear repairs to bone have been reported as
poor.'® Knowledge of IS tendon anatomy therefore
warrants further attention. The purpose of this study
was to characterize the morphology of the IS tendon
and evaluate the bony anatomy of the HH to determine
if there is a correlation between HH measurements and
the amount of available IS tendon. We hypothesized
that there is a significant correlation between HH
measurements and the length of the IS tendon in the
M-L plane.

Methods

Institutional review board approval was not required
for this laboratory investigation using deidentified
cadaveric specimens. Fifteen (13 male, 2 female) fresh-
frozen human cadaveric forequarters with a mean + SD
age of 52.5 £+ 13.9 years (range, 22-70 years) were
procured from an institutionally approved tissue bank.
Specimens were amputated at the level of the scap-
ulothoracic joint and the sternoclavicular joint proxi-
mally and at the level of the midhumerus distally. All
specimens were carefully inspected to confirm that the
rotator cuff, glenoid, and humeral head structures were
all intact with no indication of significant shoulder pa-
thology or prior shoulder surgery. Specimens were
stored at —30°C and thawed overnight at room tem-
perature prior to dissection. Dissections were performed
by TJ.K., C.H.M., and J.G. Measurements were ob-
tained by C.H.M. and J.G.
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Rotator Cuff Measurements

Once fully thawed, the scapular spine was identified
delineating the interval between the medial supra-
spinatus and infraspinatus musculotendinous units.
This interval was extended laterally in line with the
fibers of these structures until the footprint of these
tendon insertions on the humeral head greater tu-
berosity was identified. Next, the interval between
teres minor and IS muscle bellies, as well as the
quadrangular space, was identified. The interval be-
tween the teres minor and IS was divided medially
and extended laterally in line with the corresponding
muscle and tendon fibers until the footprint was
encountered as stated above (Fig 1 A and B). Once the
infraspinatus muscle belly was released from its
scapular attachments, excellent exposure of the un-
dersurface of the tendon (articular side) was possible,
making the posterior humeral head and its “bare area”
readily identifiable (Fig 2). The IS tendon was
measured along its superior-inferior width and its M-L
length. Gross differences in M-L length were noted
when comparing the superior and inferior portions of
the IS tendon; therefore, the superior and inferior M-
L lengths were measured and recorded
independently.

Humeral Head Measurements

After obtaining measurements of the infraspinatus
tendon, the humeral head was released from its cap-
suloligamentous attachments to the glenoid, and mea-
surements of each humeral head were obtained in the
axial and coronal planes of each specimen (Fig 3). In
the axial plane, the maximum value for anterior-
posterior (A-P) distance was recorded. In the coronal
plane, the midcoronal humeral head superior-inferior
distance was recorded as well as the maximum value
for M-L humeral head distance spanning from the most
medial portion of the articular surface to the lateral
cortex of the humerus. These anatomic landmarks were
used as representative of anatomic landmarks because
they could also be adequately assessed on preoperative
advanced imaging studies.

Statistical Analysis

Descriptive statistics and Pearson correlation co-
efficients of tendon measurements relative to humeral
head measurements were calculated using GraphPad
Prism 7 software (GraphPad Software, La Jolla, CA)
with significance set at P < .05. Line of best fit was
calculated from a linear regression analysis of our data
and used to generate a predictive model of superior IS
tendon M-L length relative to each humeral head
anatomic measurement (midcoronal humeral head, M-
L, and A-P; Fig 3). Given that HSLs typically affect the
posterior-superior portion of the humeral head, the
superior portion of the IS tendon was deemed to be
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Fig 1. (A, B) Posterior view of
bursal surface of rotator cuff dur-
ing dissection demonstrating the
infraspinatus  muscle (ISm),
infraspinatus tendon (ISt), teres
minor muscle (TMm), and teres
minor tendon (TMt) as well as the
interval between infraspinatus
and teres minor tendons (black
arrows).

most relevant in the setting of planned remplissage
procedures.

Results

Infraspinatus Tendon Measurements

Mean £+ SD measurement of the superior portion of
the infraspinatus tendon in the M-L plane was 42.4 +
5.5 mm, and the mean £ SD inferior M-L tendon
length was 31.0 & 4.7 mm (Table 1). The superior M-L
length of the infraspinatus tendon was significantly
greater than the inferior M-L length by an average of
11.4 £+ 6.5 mm (95% confidence interval, 7.9-15.0 mm;
P < .0001; Fig 4). The mean + SD superior-inferior
width of the IS tendon was 19.4 + 3.0 mm and was
significantly positively correlated to specimen age (P <
.05, R = 0.57). The M-L length of the superior aspect of
the IS tendon was significantly correlated with both the
M-L humeral head distance (R = 0.56, P = .03; Fig 5)
and the anterior-posterior humeral head distance (R =
0.58, P = .02; Fig 6). The M-L length of the superior
portion of the IS tendon was only marginally correlated
to the superior-inferior humeral neck length (anatomic
neck, R = 0.48, P = .07; Fig 7). The length of the
inferior portion of the medial-lateral IS tendon was not
correlated to any of the three measurements of the
humeral head evaluated.

Although quantification of teres minor tendon M-L
length was not performed in this study, the qualita-
tively short M-L length of the teres minor tendon (Fig
4B) relative to the IS tendon was consistently
observed among all of our specimens.

Humeral Head Measurements

All data are presented as mean + SD unless otherwise
noted. The average A-P diameter of the humeral head
was 44.3 + 3.3 mm (Table 1). The average superior-
inferior humeral neck diameter was 49.3 + 3.4 mm,
and the average M-L diameter of the humeral head
measured 52.2 + 3.4mm.
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Two methods estimating the M-L length of the su-
perior IS tendon were developed based on best-fit cal-
culations between the A-P and M-L humeral head
measurements.

Method 1: Superior IS length (mm) = 0.969 * (A-P
HH measurement, mm) — 0.503.

Method 2: Superior IS length = 0.923 * (M-L HH
measurement, mm) — 5.762.

Discussion

A significant positive correlation was identified be-
tween both the A-P and M-L humeral head measure-
ments relative to the M-L length of superior portion of
the IS tendon. In addition, there was a significant dif-
ference between the superior and inferior portions of
the IS tendon, with the superior portion having a
greater M-L length (Figs 2, 4).

Clinically significant humeral head defects in the
absence of glenoid bone loss can be treated several
ways, including remplissage, glenoid augmentation,

. Lreeratel
Fig 2. Reflected infraspinatus (IS) muscle and tendon
demonstrating the articular surface of the infraspinatus
tendon, which was used for measurements in this study. The
humeral head (HH) and scapular body are easily visualized.
Digital calipers are located at the superior portion of the
infraspinatus tendon.



Fig 3. Gross anatomic images depicting (A) anterior-posterior humeral head distance, (B) medial-lateral humeral head distance,
and (C) superior-inferior mid-coronal humeral head measurements.

and humeral head augmentation with an allograft, a
partial arthroplasty prosthesis, or a complete humeral
head arthroplasty. While it is generally agreed that a
20% to 40% humeral head defect is clinically signifi-
cant, the specific treatment approach for patients with
these lesions is less clear, despite our contemporary
understanding of the “glenond track” concept.®'’
Several questions remain regarding the optimal strat-
egy to address the humeral side of a mismatch between
the arc of the glenoid and the boney morphology of the
humeral head. Furthermore, while quantifying the size
of an HSL to help guide management of glenoid bone
defects has recently received heightened attention with
the evolution of the “glenoid track” concept,'*'* the

Table 1. Cadaveric Specimen Demographics and Measurements
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soft-tissue portion of the remplissage procedure has
received little to no attention. Thus, the data presented
in the present study provide a greater understanding of
shoulder anatomy and will likely contribute to preop-
erative planning and appropriate execution of
remplissage procedures.

Our results demonstrate that the superior portion of
the IS tendon is significantly longer along its M-L length
compared with the inferior portion of the IS tendon (Fig
4). Mochizuki et al.”” reported similar findings in their
analysis of the infraspinatus footprint at the humerus,
corroborating our measurements. This difference can be
particularly important when selecting the location of
anchor placement within the HSL during remplissage

Superior-  M-L Humeral Midcoronal Humeral
Superior (M-L) Inferior (M-L) Inferior Head Head A-P Humeral

Age, y Sex Laterality Race Length, mm Length, mm  Width, mm Diameter, mm Diameter, mm Head, mm
54 F RT White 33.6 26.1 21.1 48.6 46.1 42.2
54 F LT White 40.0 31.0 17.5 48.0 46.0 41.5
36 M RT White 42.9 34.6 17.8 52.9 48.6 44.6
36 M LT White 42.9 32.5 18.6 53.2 48.8 43.6
44 M LT White 48.3 32.5 16.3 52.8 50.6 42.6
22 M LT White 44.4 22.5 15.4 50.3 47.1 43.2
64 M RT White 45.0 30.5 25.0 48.5 45.5 43.0
64 M LT White 42.1 36.4 18.1 49.2 46.3 42.1
70 M LT White 48.1 26.0 22.9 60.7 57.7 53.6
59 M RT Black or 50.8 39.0 24.6 55.4 51.1 48.5

African

American
59 M LT Black or 42.4 36.3 15.4 53.9 53.8 47.3

African

American
67 M RT White 47.0 24.8 21.3 54.1 50.5 43.9
67 M LT White 42.0 33.8 19.1 54.5 52.0 44.9
46 M RT White 33.4 30.1 18.1 50.5 49.3 42.1
46 M LT White 32.8 28.1 19.2 50.8 46.2 40.9
Mean 42.4 30.9 19.4 52.2 49.3 44.3

AP, anterior-posterior; LT, left; M-L, medial-lateral; RT, right.
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Fig 4. (A) Graph demonstrating
superior medial-lateral (M-L)
length of the infraspinatus (IS)
tendon significantly greater than
the inferior M-L length, P <
.0001. (B) Gross image of infra-
spinatus tendon demonstrating
difference in M-L length of the
superior (blue asterisk) and infe-
rior (black bracket) portions of the
IS tendon. Of note, teres minor 0
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procedures. Since the superior portion of the IS tendon
has a greater M-L length, placing the anchor as superior
as possible within the HSL may increase the probability
that the resultant remplissage construct will be a true IS
tenodesis rather than a capsulomyodesis. Tenodesis is
favorable because rotator cuff tendon repairs heal to
bone with predictable success,'®'” whereas direct
repair of infraspinatus musculotendinous junction tears
is poor.'® Therefore, relying on the healing of an iso-
lated capsulomyodesis of the infraspinatus, which is
analogous to an infraspinatus musculotendinous junc-
tion tear repair, may be a contributing factor to the
reported rate of recurrent instability after remplissage.”"

Our observation that the inferior IS tendon has a
shorter M-L length and the qualitative observation that
the teres minor tendon also has a short M-L length
supports findings reported by Ladermann et al.” that
demonstrate that sutures placed during simulated
remplissage procedures are at risk of capturing a
portion of the infraspinatus muscle and/or the teres
minor muscle. IS muscle capture carries a risk of un-
desired complications such as shoulder pain or
decreased IS muscle force production. A prospective
study by Nourissat et al.”* found one-third of patients
with recurrent shoulder dislocations who underwent
Bankart repair with remplissage had posterosuperior
shoulder pain compared with patients with the Bankart
repair alone. The IS musculotendinous unit is impor-
tant for dynamic stabilization of the glenohumeral joint
and appropriate establishment of the force couple in the
axial plane. Only 2 muscles (teres minor and infra-
spinatus) generate external rotation forces on the hu-
merus in the axial plane. These external rotators work
in opposition to 4 muscles exerting internal rotation
forces onto the proximal humerus (pectoralis major,
latissimus dorsi, teres major, and subscapularis). The
internal rotators have a much larger cross-sectional
surface area, and inappropriate balance of this force
couple can lead to glenohumeral joint dysfunction.”***
Therefore, surgeons should avoid procedures that can
jeopardize the external rotators, particularly in the
setting of glenohumeral joint instability. Capture of the

T
Inferior IS

IS muscle, as would occur when the HSL M-L length is
greater than the available IS tendon M-L length, could
possibly contribute to infraspinatus muscle injury and
subsequent dysfunction. An accurate estimate of the
limits of infraspinatus tenodesis is therefore attractive to
avoid potential IS muscle injury. Furthermore, as
recognized by others, the potential for myodesis after
remplissage procedures and any associated muscle
damage may also contribute to the reported risk of
recurrent instability after remplissage procedures as
well as the reported postoperative range-of-motion
limitations.” The impact of these concerns is largely
unknown and requires further investigation.

Saito et al.'” measured the HSL of 34 patients and
recorded the depth of the HSL, the M-L distance be-
tween the greater tuberosity (IS insertion), and the
medial edge of HSL. The average depth was 5 + 4 mm,
and the average M-L distance between IS insertion and
medial edge of HSL was 25 £ 7 mm, with multiple
individual values greater than 30 mm even in their
relatively small sample size. In our study, the M-L
length of the inferior portion of IS tendon was 31 mm,
which, based on the data reported by Saito et al.,'’
would result in a clinically significant mismatch of M-
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Fig 5. Scatterplot of the medial-lateral (M-L) length of the
superior portion of the infraspinatus (IS) tendon (y-axis)
relative to the M-L distance of the humeral head (HH, x-axis).
Dotted lines represent the upper and lower 95% confidence
interval of the linear regression line.
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Fig 6. Scatterplot of the medial-lateral length of the superior
portion of the infraspinatus (IS) tendon (y-axis) relative to the
anterior-posterior (A-P) distance of the humeral head (HH, x-
axis). Dotted lines represent the upper and lower 95% con-
fidence interval of the linear regression line.

L tendon length and HSL size among a proportion of
patients. If a patient’s HSL appears to be relatively large,
then measuring the M-L HSL distance (as shown in Fig
8) and estimating superior IS tendon M-L length, using
one of the methods described in the current study, may
assist the surgeon in preoperative planning. Specifically,
these data could be employed to help estimate how far
medially suture anchors may be placed within an HSL
to achieve a true IS tenodesis or perhaps lead surgeons
to treat large HSLs with humeral head allografts rather
than remplissage. However, it should be noted that the
clinical application of our findings in such a manner
would be premature as further prospective clinical in-
vestigations would certainly be needed before surgeons
could reliably use this approach.

Although our work improves our understanding of IS
tendon anatomy, there are still many unanswered
questions regarding the remplissage procedure.
Currently, it is unknown how much tendon needs to be
tenodesed within an HSL defect to effectively reduce
the risk of recurrent instability. Varying degrees of
glenoid bone loss further complicates this issue. It is also
unknown how the depth of an HSL affects ideal anchor
placement and filling of an HSL, which may affect an-
chor placement in the both the superior-inferior plane
and the M-L plane. Finally, there may not be a clinically
significant difference between a true tenodesis and a
capsulomyodesis in the setting of a remplissage pro-
cedure. Although IS tendon pathology in the setting of
anterior shoulder instability has been described previ-
ously””> and the repair of infraspinatus muscu-
lotendinous junction tears is associated with poor
outcomes,'® this may not translate to poor healing of
capsulomyodesis procedures in patients with shoulder
instability. Further prospective clinical investigations
are needed to help clarify the clinical utility of the
descriptive anatomic findings presented here.
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Limitations

This study does have some noteworthy limitations.
First, this is a cadaveric study of 15 mostly male speci-
mens. Although shoulder instability is more common in
male patients, our findings may not be broadly appli-
cable to all patients. Relying on preoperative advanced
imaging studies for measurements also has inherent
limitations. One limitation is that image acquisition
may be oriented in a plane of view that does not align
with the patient’s in vivo anatomy. Although
measuring the distance between the IS tendon insertion
on the HH and the medial edge of an HSL is relatively
easy on axial magnetic resonance imaging or computed
tomography images, measuring M-L length of the IS
tendon on the same axial sequence or even arthro-
scopically is challenging and can result in discordant
values.”® This apparent discrepancy is likely, at least in
part, due to the known obliquity of the IS tendon at the
posterior shoulder, which can be appreciated on any
coronal magnetic resonance shoulder sequence. Due to
this in vivo obliquity, the true ML-length of the supe-
rior IS tendon available to fill an HSL may be under-
estimated by the 2 HH cadaver-based ex vivo estimation
methods described in our current study. Our IS tendon
M-L length estimations were derived from measure-
ments of the IS tendon that were made within the same
plane (i.e., IS tissue released from its native attachments
at the inferior scapula, which eliminated the normal
in vivo IS tendon obliquity relative to the axis of the
adducted humeral head). Our study also lacks quanti-
fication of the teres minor tendon relative to HH and IS
tendon measurements. Others have indicated that teres
minor tissue is likely captured during remplissage pro-
cedures’; therefore, knowledge of teres minor esti-
mated length would likely also contribute to
preoperative planning. Last, the clinical significance of
these data is unknown.
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Fig 7. Scatterplot of the medial-lateral length of the superior
portion of the infraspinatus (IS) tendon (y-axis) relative to the
superior-inferior (S-I) humeral neck (HN; anatomic neck)
distance (x-axis). Dotted lines represent the upper and lower
95% confidence interval of the linear regression line.
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Fig 8. (A) Example of preopera-
tive humeral head measurements
on a 3 Telsa (3T) magnetic reso-
nance imaging (MRI) axial image
of the shoulder. (B) Example of
preoperative  Hill-Sachs lesion
measurement on a 3T MRI axial
image of the shoulder.

Conclusions

In conclusion, our results demonstrate that the su-
perior M-L IS tendon length was significantly greater
than the inferior M-L length. The M-L HH and the AP
HH distances were significantly correlated to the M-L
length of the superior portion of the IS tendon. These
relationships may provide an estimation of the length of
available IS tendon to help guide the management of
HSLs.
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