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Abstract

Trauma, corticosteroid therapy and metabolic diseases are well established aetiolo-
gies of humeral head osteonecrosis; however, there is increasing evidence that ar-
throscopic rotator cuff surgery may be another possible cause. One of the reasons
is that there may be inadvertent damage to the arterial blood supply to the humeral
head during surgical intervention. The blood supply to the humeral head displays large
amounts of variation with regard to origin, course and distribution. Therefore, to shed
light on the pathogenesis, the blood supply of the humeral head is reviewed together
with a summary of all reported cases of osteonecrosis of the humeral head that oc-
curred following rotator cuff repair. Inconsistencies with regard to terminologies used
and contradictions concerning arterial contributions from the anterior circumflex
humeral artery and the posterior circumflex humeral artery towards humeral head
supply are addressed. Moreover, variations in the course of the anterior circumflex
humeral artery and its branches are summarized. The vascular anatomy of the hu-
meral head is clinically relevant due to the close relationship of these blood vessels
with the surgical repair sites for rotator cuff surgery and biceps tenotomies or teno-
desis procedures. Potential sites of disruption of blood supply following arthroscopic
rotator cuff surgery are discussed. Detailed knowledge of the course of the arteries
supplying the humeral head may help to minimize the risk of vascular injury and sub-
sequent osteonecrosis. Given the great interindividual variations of vascular anatomy,

imaging procedures preceding arthroscopic rotator cuff surgery may be advisable.
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1 | INTRODUCTION

is clinically relevant for several reasons: for surgeons repairing proximal

humeral fractures in order to assess the vascular injury, for physicians

Many studies have investigated the blood supply of the humeral head,
and amongst these, several contradictions and inconsistences exist.

Understanding and being aware of vascular anatomy and its variations

performing diagnostic or therapeutic procedures using angiograms of
these vessels and potentially also for those inclined to develop new
surgical techniques (Fontes et al., 2015; Hettrich et al., 2010).
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Osteonecrosis of the humeral head, although not as common as
femoral head osteonecrosis, is a serious condition leading to pain
and degeneration of the shoulder joint (Cofield, 1994). It is said to
be more common in men and more prevalent among younger pa-
tients (20-50 years; Harreld et al., 2009). Although the exact ae-
tiology of humeral head osteonecrosis is still not fully understood,
several traumatic and atraumatic causes have been attributed to the
overall development of this condition. These include certain proxi-
mal humeral fractures (Lee & Hansen, 1981; Neer, 1972; Neer, 1990;
Sarris et al., 2004), corticosteroid use (Cruess, 1976; Cruess, 1978;
Cruess, 1981; Fisher et al., 1972; Hasan & Romeo, 2002; Hayes,
1989; Moran, 1962; Usher & Friedman, 1995), sickle-cell disease
(David et al., 1993; Milner et al., 1993; Poignard et al., 2012), alcohol
abuse (Jacobs, 1992; Matsuo et al., 1988), dysbarism (Chryssanthou,
1978; Jones et al., 1993), Gaucher's disease (Goldblatt et al., 1988;
Lebel et al., 2009; Mansat et al., 2005), other systemic diseases
(Hattrup & Cofield, 2000; Sarris et al., 2004; Shakir et al., 2020), an-
tiangiogenic therapy (Tabouret et al., 2015) and, to a lesser degree,
pregnancy (Kumar et al., 2010). Humeral head osteonecrosis due to
possible vascular damage following rotator cuff (RC)/shoulder repair,
however, is not commonly reported in the literature as part of the
aetiologies.

Osteonecrosis is essentially bone death, and in the case of hu-
meral head osteonecrosis, the epiphysis of the proximal humerus
partially or totally collapses, followed by articular disruption, func-
tional impairment and eventual osteoarthritis of the shoulder joint
(Gerber et al., 1990; Kumar et al., 2010). Treatment is dependent
on the stage of disease progression (Cruess, 1978), with later stages
resulting in the need for joint replacement in order to achieve func-
tional recovery (Kumar et al., 2010). The final pathway of osteone-
crosis development is accepted and defined as the disruption in the
blood supply/flow to the bone (Cushner & Friedman, 1997; Harreld
et al.,, 2009; Kumar et al., 2010; Pavelka, 2000). Additionally, there
may be an already poorly vascularized area in the superomedial
aspect of the humeral head (Keough et al., 2019) at the site of os-
teonecrosis initiation that, should either the greater tubercle or the
surroundings of the bicipital tendon be damaged during surgery,
could lead to even further reduction in vascular supply triggering
the osteonecrosis cascade of events.

Although a direct link has not yet been established or a
proven causal relationship not yet been identified, the incidence
of reported osteonecrosis following arthroscopic surgery, with or
without the use of anchors is increasing, and over the last two de-
cades, 21 cases of osteonecrosis have been reported (Beauthier
et al., 2010; Cho et al., 2015; Dilisio et al., 2013; Goto et al., 2015;
Hattrup & Cofield, 2000; Kim et al., 2018; Magee et al., 1997). In
the case of RC repair, there may be inadvertent damage to the in-
traosseous network within the greater tubercle with anchor place-
ment, especially with the use of multiple anchors. Alternatively,
damage at the level of the biceps tendon is conceivable when a
biceps tenotomy/tenodesis is performed, due to its close relation
to branches of the anterior circumflex humeral artery (ACHA).
Therefore, this review serves to combine and summarize the past
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and current literature regarding the blood supply of this specific
area to identify commonalities and areas of contradiction that may
require more thorough investigation and provide a summary of the
reported cases of humeral head osteonecrosis following RC repair
surgery. The following databases were searched for relevant litera-
ture: Cochrane, Grey database, Ovid, EBSCOHOST, ScienceDirect,
EMBASE and PUBMED. This paper will also highlight the variations
of the ACHA and its branches in relation to the long head of biceps
tendon. Although the cause for humeral head osteonecrosis fol-
lowing shoulder surgery is not known, the main concern is that cau-
tion needs to be practised when operating in this area in order to
try and preserve the arterial vessels especially in high risk patients

and being aware of possible variations.

2 | HUMERAL HEAD VASCULARIZATION

The vascular supply of the humeral head is widely accepted as a ret-
rograde system by the arcuate artery, a branch of the anterolateral
branch of the ACHA (Brooks et al., 1993; Gerber et al., 1990; Laing,
1956; Schai et al., 1995). However, following several cadaveric selec-
tive injection studies, contributions towards the intraosseous net-
work from the branches of the posterior circumflex humeral artery
(PCHA) were also acknowledged (Duparc et al., 2001; Gerber et al.,
1990; Keough et al., 2019). The course, pattern and distribution of
both the ACHA and PCHA have been reported with several incon-
sistencies and lack of consensus as to course and degree of supply

offered by each of these vessels to the humeral head.

2.1 | Extraosseous course and supply: The ACHA

The ACHA commonly arises from the axillary artery as a single
branch (Boesmueller et al., 2014; Chen et al., 2014; Duparc et al.,
2001; Fontes et al., 2015; Hettrich et al., 2010; Kasai et al., 1984;
Keough et al., 2019; Meyer et al., 2005). However, several studies
have highlighted variations. Common variations include an origin
from a common trunk together with the PCHA (Boesmueller et al.,
2014; Chen et al., 2014; Duparc et al., 2001; Fontes et al., 2015;
Hettrich et al., 2010; Kasai et al., 1984; Keough et al., 2019; Meyer
et al., 2005) or as a branch of the subscapular artery (Fontes et al.,
2015; Keough et al., 2019). Fontes et al., (2015) observed one case
where the ACHA stemmed from the profunda brachii artery. The
ACHA then continues laterally, in a relatively horizontal course, deep
to coracobrachialis and the short head of biceps (Kasai et al., 1984;
Menck et al., 1997) towards the long head of biceps tendon located
in the intertubercular groove (Figure 1). Before reaching the groove,
several branches have been noted across the literature to enter and

possibly supply the following structures:

1. The inferior and lateral parts of the glenohumeral capsule
(Andary & Petersen, 2002; Duparc et al., 2001; Kasai et al,,
1984) (Figure 1, branch 1)
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FIGURE 1 Anterior view of same left proximal shoulder (second image: slightly rotated) with exposure of the branches of the anterior
circumflex humeral artery (ACHA; ethics approval: University of Pretoria 70/2017)—most common course, red latex injected. A: reflected
pectoralis minor; coracobrachialis and short head of the biceps brachii; B: long head of the biceps brachii tendon; C: latissimus dorsi tendon;
D: reflected deltoid; GT: greater tubercle; Pre-tubercular branches—1: branch that supplies inferior glenohumeral capsule, subscapularis
and possible lower part of lesser tubercle; 2: medial descending branch (latissimus dorsi tendon and lower long head of biceps tendon); 3:
medial ascending branch (enters medial edge of intertubercular groove); 4: branch in intertubercular groove. Post-tubercular branches—5:
anterolateral (lateral ascending) branch; 6: (lateral) descending branch; 7: possible “transverse branch”

2. The subscapularis muscle/tendon (de la Garza et al., 1992, Duparc
etal., 2001; Figure 1, branch 1, termed subscapularis branch by the
authors).

3. The lower part of the lesser tubercle (Duparc et al., 2001; Menck
et al.,, 1997; Meyer et al., 2005; Figure 1, branch 1 possibly).

4. The tendon of latissimus dorsi and the lower end of the long head
of biceps tendon (Figure 1, branch 2), termed medial descending
branch by the authors (Keough, unpublished results).

5. Both coracobrachialis and biceps (Kasai et al., 1984; removed in
Figure 1, when reflecting muscles attached to coracoid process).

6. A small branch (medial ascending branch) entering the medial
edge of the intertubercular groove (Duparc et al., 2001; Figure 1,
branch 3).

7. A branch coursing inferiorly from the ACHA towards the inter-
tubercular grove and within it (Figure 1, branch 4, termed branch
in the intertubercular groove by the authors (Keough, unpublished

results).

Based on the descriptions found, both Duparc et al., (2001) and
de la Garza et al., (1992) refer to a “medial ascending branch”; how-
ever, they do not seem to be referring to the same vessel according
to location and supply. Whereas Duparc et al., (2001) are referring
to branch 3 (Figure 1), de la Garza et al., (1992) are referring to the
subscapularis branch (Figure 1, branch 1) as the “medial ascending
branch.”

Following the branches exiting before the intertubercular
groove, most publications agree that the ACHA continues within the
intertubercular groove by passing deep to the long head of biceps
tendon (Gerber et al., 1996; Kasai et al., 1984; Menck et al., 1997;
Meyer et al., 2005). Here, according to multiple authors, it can give
off up to four branches, namely, as follows:

1. An anterolateral branch that courses superiorly along the lateral
edge of the intertubercular groove and continues as the arcuate
artery, when it enters the bone (Brooks et al., 1993; Duparc
et al.,, 2001; Gerber et al., 1996; Hettrich et al., 2010; Kasai
et al., 1984; Keough et al., 2019; Menck et al., 1997; Meyer
et al, 2005; Figure 1, branch 5). Moseley and Goldie (1963)
mention that before entering the humerus, the anterolateral
branch gives off a small branch that runs superiorly to the
rotator cuff (not labelled in Figure 1). Supply to the greater
tubercle, supraspinatus and the distal part of infraspinatus have
also been mentioned by Ling et al., (1990).

2. Adescending branch (Kasai et al., 1984; Keough et al., 2019; Figure
1, branch 6).

3. A transverse branch (de la Garza et al., 1992; Duparc et al., 2001;
Kasai et al., 1984; Figure 1, possibly branch 7).

4. A muscular branch to the deltoid (Kasai et al., 1984; removed in
Figure 1 with the reflection of the deltoid); this branch has how-
ever also been reported as inconsistent (Hue et al., 1998).

The term anterolateral branch (branch 5 in Figure 1) is used by
majority of authors (Duparc et al., 2001; Gerber et al., 1990; Keough
et al,, 2019; Laing, 1956). De la Garza et al., (1992), using non-
standard terminology, describe the ACHA as giving off two specific
branches in this region: the transverse branch (ramus transversus),
which refers to the anterolateral branch, and the lateral ascending
branch (ramus ascendens lateralis), which forms an anastomosis
with branches of the suprascapular artery; however, the manner and
location of this anastomosis are not clearly defined. Duparc et al.,
(2001) also mention a lateral ascending branch, which is described
as following the lateral edge of the intertubercular groove and which
therefore corresponds to the anterolateral branch. Thus, the “lateral
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ascending branch” mentioned by de la Garza et al., (1992) does not
appear to be referring to the same artery as the one described by
Duparc et al., (2001). De la Garza et al., (1992) mention that the an-
terolateral branch (transverse branch in his terminology) also sup-
plies the tendons of pectoralis major and the long head of biceps
tendon. Other authors (Gardner et al., 2006; Kolts et al., 1994; Ling
et al., 1990; Sarris et al., 2004) refer to the anterolateral branch as the
“ascending branch/es” of the ACHA.

In addition, some authors have described anastomoses between
these vessels. Gerber et al., (1990) mention that the anterolateral
branch of the ACHA, before entering the proximal humerus, forms
an anastomosis with the thoracoacromial artery. It has also been re-
ported that branches of the PCHA may communicate dorsally with
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the ACHA (de la Garza et al., 1992; Duparc et al., 2001; Gerber et al.,
1990). However, these anastomotic branches were not observed in
other studies (Kasai et al., 1984; Keough et al., 2019; Meyer et al.,
2005).

2.2 | Variations in the branching
pattern of the ACHA

Recently, seven variation patterns have been identified with regard
to the ACHA's course towards and within the intertubercular groove
(Figure 2), specifically its origin, branches and its relation to the long
head of biceps tendon (Keough et al., 2019). Out of 50 cadaveric

1y \
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FIGURE 2 |Illustrations of the anterior proximal humerus demonstrating the 7 (I-VIll) identified variations (ethics: University of Pretoria
70/2019) of the ACHA (1), its anterolateral branch (AA branch, 2) and its descending branch (D branch, 3) in relation to the long head of the
biceps tendon (BT; shaded in grey). Variations I-1V illustrate the ACHA and branches lying deep to the BT; in variations V and VI, the ACHA
and its branches lie anterior. Variation VII shows the anterolateral branch (2) lying anterior to the BT while the descending branch (3) lies
deep to the BT (GT: greater tubercle; 4: posterior circumflex humeral artery; 5: axillary artery). All percentages represent the occurrence of

these variations in a sample of 50 shoulders
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shoulders investigated, only 18 (36%) demonstrated the commonly
“accepted” course and branching pattern of the ACHA as described
above and seen in Figure 1. The remaining samples demonstrated
distinct variations with regard to the location where the anterolat-
eral and descending branches are exiting the ACHA (42%; n = 21/50;
Figure 2: 1). More importantly, in 22% (n = 11/50) of the samples, the
anterolateral branch passed anterior to the long head of the biceps
tendon (Figure 2: V-VII) and not deep to the tendon as generally de-
scribed. To the authors’ knowledge, these variations have not been
mentioned or studied before, and these variations may be of clini-
cal importance in procedures that involve the long head of biceps
tendon, such as tenotomies and tenodesis surgeries. The only other
reference to a deviation from the acknowledged course (Kasai et al.,
1984) pointed out that the ACHA was poorly developed in seven of
the cases studied, to the extent that it terminated by giving off the
articular branch without passing deep to biceps tendon. It may be of
interest to simulate injuries or surgical interventions pertaining to
the long head of the biceps tendon and to evaluate possible vascular
injuries resulting from these procedures.

Regardless of the existing variations, the one constant concern-
ing the anterolateral branch is that it enters the proximal humerus
just inferior to the transverse humeral ligament along the lateral
border of the intertubercular groove and that it supplies most of
the epiphysis as the arcuate artery, the largest intraosseous branch
(Brooks et al., 1993; de la Garza et al., 1992; Duparc et al., 2001,
Gerber et al., 1996; Keough et al., 2019; Laing, 1956; Menck et al.,
1997).

2.3 | Extraosseous course and supply: The PCHA

The PCHA most commonly originates as a single branch from the
axillary artery (Chen et al., 2014; Duparc et al., 2001; Fontes et al.,
2015; Keough et al., 2019; Menck et al., 1997) and less commonly
from a common trunk shared with the ACHA, or collectively from
the subscapular artery (Chen et al., 2014; Fontes et al., 2015; Kasai
et al., 1984; Keough et al., 2019; Menck et al., 1997; Meyer et al.,
2005). Some less common origins have also been reported, such as
from the profunda brachii artery (Chen et al., 2014; Duparc et al.,
2001; Fontes et al., 2015; Kasai et al., 1984), the lateral thoracic ar-
tery (Meyer et al., 2005) or from the brachial artery (Meyer et al.,
2005). Together with the axillary nerve, the PCHA travels through
the quadrangular space towards the posterior shoulder. Here, it has

been described as having several distribution branches:

1. Direct branches to the inferior and posterior parts of the lateral
glenohumeral joint capsule (Andary & Petersen, 2002).

2. Abranch supplying the ventral and dorsal aspects of the shoulder
joint synovial membrane (de la Garza et al., 1992). De la Garza et
al., (1992) mention that at this point, the PCHA contributes to-
wards the supply of the head together with the arcuate artery.
However, the manner in which this connection is formed is not

provided by the authors.
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3. Branches perfusing the bone cartilage border similar to that ob-
served in the femoral neck (Meyer et al., 2005).

4. Branches to supply the posterior aspect of the greater tubercle
(Gerber et al., 1990; Keough et al., 2019; Meyer et al., 2005).

5. The PCHA splits into two/three branches that supply the pos-
terior and lateral parts of the deltoid (Hue et al., 1998), as well
as a branch to the upper humeral epiphysis (Duparc et al., 2001).
Duparc et al., (2001) further elaborate that the branch to the
upper humeral epiphysis divides into several smaller vessels pen-
etrating the inferior, posterior and superior parts of the capsule,
or the posterior and superior parts of the humeral neck and the
greater tubercle. A few branches are also noted as supplying the

supraspinatus, infraspinatus and teres minor tendons.

Anatomy, course and distribution pattern of the PCHA have not
been studied in great detail. Specifically, concerning the origin of its
branches, their names and their supply areas, there are numerous
inconsistencies. Variations have also not yet been studied. It is clear
from the literature presented that this area requires in-depth inves-

tigation into both the anatomy and the potential of vascular damage.

2.4 | Intraosseous supply of the humeral head

Limited studies have investigated the intraosseous blood sup-
ply of the humeral head, as it is a difficult area to infiltrate and
visualize (Duparc et al., 2001; Hettrich et al., 2010; Keough et al.,
2019; Moseley & Goldie, 1963). Moseley and Goldie (1963) used
Schlesinger's (Schlesinger, 1957; Susheela et al., 2018) solution to
inject into selected blood vessels around the shoulder to investi-
gate the blood supply of the osseous, tendinous and muscular com-
ponents of the RC. The authors mention that the arcuate artery
branches course to the articular cartilage and to the zone of ten-
dinous insertion (greater tubercle). Duparc et al., (2001) injected a
series of blood vessels with barium sulphate solution and confirmed
that the vascularization of the humeral head is attributed to the
branches of the arcuate artery. This was again confirmed by Keough
et al., (2019), who also injected a series of ACHA and PCHA vessels
with a barium sulphate/gelatin solution. The arcuate artery enters
the bone and forms an intraosseous anastomosis with the pen-
etrating branches of the PCHA in the region of the greater tubercle
(Duparc et al., 2001; Keough et al., 2019). These vessels then course
medially, where they are distributed through the cancellous bone in
the humeral head. Duparc et al., (2001) demonstrated that the PCHA
infiltrated the majority of the surgical neck, the greater tubercle and
humeral head (top, centre and subchondral parts) while the ACHA
infiltrated the majority of the lesser tubercle and the intertubercu-
lar groove. This was also confirmed by Hettrich et al., (2010) who
stated that the ACHA only contributed 34% of the blood supply to
the humeral head whereas the PCHA is noted to contribute 64%.
The authors further demonstrated that the ACHA mainly supplied a
quadrant on the inferior aspect of the humeral head (termed medial
quadrant) while the PCHA supplied the lateral, superior and inferior



quadrants of the humeral head. However, Keough et al., (2019) ob- = = a o
[}
served a more even distribution from both the PCHA and ACHA for - :ac_», :003 g g 2 c :003 g
o o> . = = = o et
the humeral head. Additionally, these authors (Keough et al., 2019) - D g § § % % k3 '§ § % =
. QT o & = = = 20 = =
noted a small area on the superomedial aspect of the humeral head g22 % = P P *g'. el % <
= 0 O o (] 4
that did not perfuse readily with the infused solution, leading to the RN < Z > = x Z >
assumption that this may be a poorly vascularized zone. Of note, @
this zone coincides with the outlined superior quadrant (Hettrich E S S . g
= + <
et al., 2010) and with the initial manifestation site of osteonecrosis g_ S 5 2 ja s j2 E
Q Q = = 9] = ¥
. o (7] [ c c £ c g
(Figure 3). P = = 5] 5] S
EQ3 © ° S = 0 =
FT Z z © © ™ N =
w
) © ©
[ Q
3 | ROTATOR CUFF REPAIR SURGERY s T =
AND AVASCULAR NECROSIS z 3 $ 2 =2 2 9o
3 8 s § § § § 5
w Z 4 [l [ L W
Few complications have been reported following arthroscopic RC
repair using suture anchors. However, there are currently 21 cases - §
mentioned throughout the literature that describe humeral head os- 03 « ™ — ™ -~ —
teonecrosis as a direct result or directly following this surgical inter- -
vention. Whereas osteonecrosis generally occurs more commonly in o0 8 £ < 0
. = o o N T
males between the ages of 20 and 50 years, those cases reported in ?_ 2 2 = 2
) . . . — - = 4+ 60 ﬂ‘._) + - +-
the literature of osteonecrosis following RC repair surgery are ma- § el = 5 ) & ) % o
. . n Z z =4 — [~2 ¥
jority women over the age of 60 (Table 1), a clear deviation from £
the generalized incidence reported. Table 1 summarizes the current 3 o
literature reporting on humeral head osteonecrosis following RC re- % £ = = = B
. ° o 2 1) S 15} o
pair surgery. o - < < £ 5
. = ‘® 9 5 c = c c =
To our knowledge, the first authors to report cases of osteone- a 2 q 5] © ° © s
S = O °E ) Sl o S N
crosis linked to postoperative shoulder surgery were Magee et al., a SS9 = = = £ o=
pus Q = o
(1997). They examined 50 patients that had undergone RC repair < ;N i s o o o o
. . & = o
surgery (n = 41—9 open and 32 arthroscopic), arthroscopic RC de- ?}, g 8% % % % % %
c (O
bridement (n = 7) and open acromioplasty (n = 2) who presented with 2 E S '; . § § ~ § § §
<) =3 £ = g
persistent postoperative complaints. Of the 50 patients, four were E > § § E § ‘r-‘e“ ‘g *é *g *g ‘g
. epe . . . =] = 9 —
identified as having humeral head osteonecrosis. Not many details '§ i % _g g % .§ .§ g ,é .é §
are provided, as osteonecrosis was not the focus of the main project < = 2 £z ° 3 s & & &
© S Sn3 & ¢ 2@ ¢ g ¢
g  ENd : E KB K
g S & g < < < < <
=
(¢}
= o
Y o0
o °
.§ ™ % @ <
S o T @ T ~
Q b0 - (e ~ o o~ O N
c < n 0 NS} o O In
[e]
Q
g
8 S Ro
S L T
2 g L o o © o o
ol g [ g O ®© ] ] T ©
g x h < £ £ £ E E
1) (7} < O [0} (] (5} (0] (0]
v n o 39 L w w oW
ot
(o]
(%]
[0} [}
| @ =
| 8] € v o < — ™ — - ®
| [ s N un -~
| } o " »n ~—
>
. - . £ N < o
FIGURE 3 lllustration of the anterior view of the proximal IS o K s S 9 v o
. . . =} = = o
humerus demonstrating the quadrants (dotted lines) outlined by n _r S 42 N 5 { 8
. . © © by -
Hettrich et al., (2010) and the poorly vascularized zone (grey oval) - - K5 “3 o 5o % K = 2
= -+
identified by Keough et al., (2019) (1: anterior circumflex humeral - E 9 > § % § o g ]
. . = (%)
artery; 2: anterolateral branch; 3: descending branch; 4: posterior m 5 & © ] = o 2 E
. . < < = T m a (U] O X
circumflex humeral artery; 5: axillary artery) -



KEOUGH anp LORKE

and was only mentioned as a side note. Hattrup and Cofield (2000)
examined 127 patients that were treated with replacement arthro-
plasty for humeral head osteonecrosis. The outcomes measured in
this study revolved around the results, durability and complications
of shoulder replacement for osteonecrosis; differences between
total shoulder replacement and humeral head replacement were ex-
amined. Similarly to Magee et al., (1997), the authors only mentioned
as a side line that three of the cases had developed osteonecrosis
following RC repair. Again, no details are provided, as this was not
the focus of the study. Both publications (Hattrup & Cofield, 2000;
Magee et al., 1997) reported on incidental findings of humeral head
osteonecrosis following RC repair surgery.

The first actual mention of a direct association between RC
repair surgery and osteonecrosis was made by Beauthier et al,,
(2010) who reported on a single case study. The case was that of a
67-year-old female with a RC tear of supraspinatus that was repaired
arthroscopically (using three anchors) in addition to a biceps tenot-
omy also performed. Eight months after surgery, the patient pre-
sented with humeral head osteonecrosis as well as cuff re-rupture.
The authors suggest that the osteonecrosis in this case may be at-
tributed to the use of multiple anchors that may have interrupted the
blood supply of the humeral head and recommend that surgeons be
aware and careful in anchor localization during arthroscopic repair.
It has been previously suggested that mechanical disruption of the
humeral head blood supply may be a cause of idiopathic osteone-
crosis (Mankin, 1992). Beauthier et al., (2010) paper is the first to
report this link to surgical anchor placement in the greater tubercle.
Another possible disruption site for the ACHA and its branches is
not mentioned: it may be at the level of the biceps tendon due to
the biceps tenotomy performed, as is demonstrated by the vascular
variations presented by Keough et al., (2019).

The second paper to report on osteonecrosis following RC sur-
gery was Dillisio et al. (2013). The authors described three female pa-
tients aged 60-68 years that presented with osteonecrosis following
arthroscopic RC debridement (n = 2) and repair (n = 1) surgery. Again,
as seen in Beauthier et al., (2010) patient, in all cases, a concurrent
biceps tenotomy was performed in addition to subacromial decom-
pression, acromioplasty and distal clavicle excision. These patients
presented with osteonecrosis on average 4.8 months’ post-surgery.
The authors compare their study to Beauthier et al., and and's (2010)
and make an interesting comment. Two of the three patients did not
have any hardware placed during surgery, thereby suggesting that
the osteonecrosis is not necessarily directly linked to aberrant an-
chor placement alone. The authors were unable to identify a com-
mon precipitating cause of postarthroscopic osteonecrosis but do
assume that there was some kind of perioperative insult that led
to the disruption of humeral head blood supply. Interestingly, in all
three cases, a biceps tenotomy was performed which supports the
suggestion by Keough et al., (2019) that there may be a link to vascu-
lar damage at the level of the biceps tendon.

The next two papers, both in 2015, were again single case re-
ports of osteonecrosis following arthroscopic RC repair surgery
(Cho et al., 2015; Goto et al., 2015). Both cases were females (66
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and 69 years old) who had, prior to surgery, fallen from a height and
injured their shoulders. Goto et al., (2015) patient underwent sur-
gery for a massive RC tear. Only two anchors were used to repair a
subscapularis and infraspinatus tear. Six months following surgery,
there was rapid collapse of the humeral head due to osteonecrosis.
The authors reiterated that extreme care was taken to preserve the
blood vessels and that the suture anchors were all placed favour-
ably in this case. Therefore, the possible cause for osteonecrosis is
attributed to the use of a metal anchor—this is the first time that the
material of the anchor used has been suggested as a possible cause.
The patient presented by Cho et al., (2015) developed osteonecro-
sis of the humeral head 7 months following arthroscopic surgery.
The patient had, prior to surgery, fallen from a 1 m height and was
diagnosed with an anterior shoulder dislocation accompanied by a
bony Bankart lesion and a RC tear. Following the incident, the pa-
tient underwent arthroscopic Bankart and double row RC repair. A
total of seven bioabsorbable suture anchors were used (three for the
Bankart lesion and four for the rotator cuff tear). The authors are the
first who do not fully attribute the osteonecrosis to anchor usage
but instead suggest that the blood vessels may have been damaged
due to prior shoulder dislocation, adding to the risk factors for de-
velopment. Cho et al., (2015) recommend a more thorough and fre-
quent radiographic follow-up, especially in patients presenting with
progressive pain and reduced range of motion. These follow-up rec-
ommendations should especially be carried out in potential high-risk
cases such as females older than 60 years.

The most recent report on humeral head osteonecrosis follow-
ing arthroscopic RC repair was by Kim et al., (2018). These authors,
now being aware of the potential association of osteonecrosis and
arthroscopic RC repair, investigated 24 patients from 12 institutions
that had been suspected of developing humeral head osteonecro-
sis following arthroscopic RC repair. Only eight of the patients did
not demonstrate any evidence of osteonecrosis prior to surgery and
were therefore included in the outcome report. All eight patients
were again female with an average age of 64 years (52-74 years
range). They reported that pain developed at an average of 4 months
following surgery and osteonecrosis diagnosis of all cases occurred
within 12 months after surgery. One patient experienced an anterior
shoulder dislocation prior to surgery, and one patient had previously
undergone RC repair a year before the second index surgery. In
seven of the eight patients, a biceps tenotomy was performed con-
currently and the number of anchors used averaged 4.14 (2-7 range),
and none of them were metal.

4 | DISCUSSION

The major concern raised by the variation of the ACHA and its
branches is that these vessels, specifically the anterolateral branch
and its arcuate derivative, may be in danger in multiple surgical pro-
cedures, such as during surgical plating of the proximal humerus
for fracture repairs, while performing a biceps tenodesis/tenotomy
(suggested by Keough et al., 2019), or during placement of suture
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anchors for RC repair (Figure 4), the potential consequence being
postoperative osteonecrosis of the humeral head.

Gerber et al., (1990) are clear on the fact that no other vessels,
other than the branches of the ACHA and PCHA, enter the humeral
head directly. Although inconsistent information exists in the liter-
ature concerning the vascularization of the humeral head (Duparc
et al., 2001; Gerber et al., 1990; Keough et al., 2019; Laing, 1956;
Moseley & Goldie, 1963; Rothman & Parke, 1965), the overall cur-
rent consensus is that the humeral head is supplied via an anasto-
mosing intraosseous network including a major contribution from
the arcuate artery (from the ACHA). What is also clear is that this de-
finitive intraosseous network receives contributions from the pene-
trating branches of the PCHA as well, which is evidenced by the fact
that the ACHA must often be ligated medial to the bicipital groove
during surgical procedures in this region, and this ligation does not
necessarily result in osteonecrosis (Rowe et al., 1978).

The intraosseous network forms in the vicinity of the greater tu-
bercle, thereby rendering it vulnerable during suture anchor, or even
surgical plate, placement. The most common tendon repaired during
RC surgery is the supraspinatus tendon. This tendon has a footprint
area over what has been described as the most anterior portion of
the greater tubercle. This surface is in close relation to the entrance
site of the arcuate artery and directly overlies the area where the
arcuate artery and the penetrating branches of the PCHA form the
intricate intraosseous network that will eventually distribute blood
to the humeral head by coursing in a medial direction and congre-
gating in the lower two thirds of the humeral head (Keough et al.,
2019; Figure 3).

The aetiology and pathogenesis of humeral head osteonecro-
sis following RC repair surgery are currently unknown and under-
investigated, with 21 known cases being reported in the literature

since 1997. Several authors have suggested that there may be

Lateral view

Anterior view

FIGURE 4 lllustration of the anterior and lateral view of the
proximal humerus demonstrating the common position for double-
row suture anchor placement (black ovals) during rotator cuff repair
surgery. White star, entry point for anterolateral branch of ACHA;
shaded grey oval, entry point for penetrating branches of posterior
circumflex humeral artery. GT, greater tubercle; HH, humeral head;
IG, intertubercular groove; LT, lesser tubercle
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perioperative injury to either the ACHA or the anterolateral branch
of the ACHA by poor suture anchor placement or by the use of mul-
tiple anchors (Cho et al., 2015; Goto et al., 2015). However, Cho
et al., (2015) make a valid point in saying that proximal humeral frac-
tures account for the majority of cases associated with damage of
the ACHA and osteonecrosis following these fractures is not very
common. This leads to the assumption that damage of the ACHA by
suture anchors cannot be the sole cause of humeral head osteone-
crosis. Based on the varying course and relationship of the ACHA
and its branches to the long head of biceps tendon, Keough et al.,
(2019) suggest that there may be additional damage to these ves-
sels at the level of the biceps tendon; during concurrent tenotomy
or biceps tenodesis procedures performed. Therefore, it is possible
that multiple factors are at play with the development of postar-
throscopic humeral head osteonecrosis, including either damage to
the anterolateral branch at the level of the biceps tendon or dam-
age to the intraosseous network in the greater tubercle, or both
concurrently.

Additionally, the superomedial aspect of the humeral head has
also been noted to be almost void of large intraosseous blood ves-
sels and may receive its supply via a more indirect or diffusive route
(Keough et al., 2019). This also suggests that damage to the main
intraosseous network may compromise the blood flow to this al-
ready high risk zone (Keough et al., 2019), which corresponds to
the initial starting location of osteonecrosis (Figure 3). This poorly
vascularized area may be more susceptible to perioperative dam-
age to the intraosseous network and/or damage to the ACHA and
its anterolateral branch, which as described above is fairly variable
in origin, course and branching pattern. Although the study did not
provide evidence that due to the reduced intraosseous supply to
this high risk area is directly linked to osteonecrosis, it was noted
that this area is almost always the initial site for development of

osteonecrosis.

5 | CONCLUSION

This review illustrates that blood supply of the humeral head is com-
plex and variable and humeral head osteonecrosis, although not com-
mon, is a potential complication of RC repair. Vascular injury plays an
important role in the pathogenesis. During surgical procedures, spe-
cial care should be taken not to injure the ACHA and its anterolateral
branch, which is located close to the long head of biceps tendon.
Variations of the ACHA and its branches should be taken into ac-
count during surgical repair of the RC. One way to reduce the risk
of vascular injury has been suggested by Cho et al., (2015), that is,
to increase routine radiographs post-operatively, especially in high
risk cases, in order to detect vascular damage at a very early stage.
This would include women over 60 years of age with dominant hand
involvement and surgical interventions requiring additional proce-
dures performed at the shoulder during typical RC repair (e.g., biceps
tenotomy/tenodesis, acromioplasty and debridement). Ultimately,
knowledge of vascular variations is a crucial element for surgeons
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to be aware of and should form a firm part of the surgical planning

process in order to reduce postoperative complications.
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