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ORIGINAL STUDY

Incidence of avascular necrosis following biceps tenodesis during proximal
humerus open reduction and internal fixation

Kunal Monan, Justin Matthias HINTzE, David MoRrrissEy, Diarmuid MoLoNY

From the Department of Trauma & Orthopaedics, Tallaght University Hospital, Dublin D24NROA, Ireland

Avascular necrosis (AVN) may occur in up to 77% of
proximal humeral fractures and can cause fixation
failure. Risk factors include fracture position,
calcar length and medial hinge integrity. We
routinely perform intra-articular biceps tenotomy
with tenodesis at the level of pectoralis major to
facilitate fragment identification and potentially
ameliorate post-operative pain relief. Concern exists
that tenotomising the biceps damages the adjacent
arcuate artery, potentially increasing the rate of AVN.
The purpose of this study was to evaluate whether
biceps tenodesis is associated with an increased risk
of radiographically evident humeral head AVN.

61 fractures surgically treated over a 52-month period
were retrospectively reviewed and radiographically
assessed in accordance with Neer’s classification,
calcar-length and medial hinge integrity.

40, 20 and 1 were four-, three- and two-part fractures
respectively. 37 had a calcar-length less than 8mm
and 26 suffered loss of the medial hinge. The median
radiographic follow-up was 23 months. There was
radiographic evidence of humeral head AVN in only
one case, comparing favourably to rates quoted in
current literature.

Inourexperience, intra-articularbiceps tenotomy with
the deltopectoral approach was thus not associated
with a significantly increased risk of humeral head
AVN, even in complex four-part fractures.

Keywords : proximal humerus ; open reduction internal
fixation ; avascular necrosis ; biceps ; tenodesis ; delto-
pectoral.
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INTRODUCTION

Proximal humerus fractures are common, repre-
senting approximately five percent of all fractures
presenting to the emergency department (7). These
fractures are particularly prominent in an elderly
osteoporotic patient group, with over seventy
percent of proximal humerus fractures occurring
in those sixty years of age or older (2). The overall
incidence of proximal humerus fractures is
increasing at a rate of up to 15% per year (3). They
are up to four times more common in females than
males (4), and occur most frequently as a result of
low-energy trauma in an ageing osteoporotic patient
group (5,6). Comorbid and inactive, frail patients
with pre-existing limitations to their activities of
daily living have been found to be at higher risk
of suffering these fractures (4). Proximal humerus
fractures can result in significant morbidity (7) and
functional impairment (8) in the elderly patient, hence
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making appropriate evaluation and management of
paramount importance.

Radiographic evaluation consists of anteroposte-
rior, scapular-Y and axillary views, often fol-
lowed by computed tomography (CT) with three-
dimensional reconstruction (9), allowing for
thorough evaluation of fracture anatomy (9) as well
as objective fracture classification. Classification,
while challenging (6), plays an important role in
assessment, as it helps clinical decision making
on subsequent management (6). A commonly used
system for describing proximal humerus fractures
is Neer’s Classification (6,10), which divides the
proximal humerus into 4 parts and describes
fractures based on the amount of displaced segments,
defining a displaced segment is defined as greater
than lcm displacement or 45 degree angulation.
Alternative classifications include the AO (71) and
Hertel (12) systems.

The majority of proximal humerus fractures
are either undisplaced or minimally displaced and
often managed nonoperatively (73). These patients
are typically associated with good functional out-
comes and low complication rates (74). Surgical
management is usually considered in cases of
complex, multifragmentary, displaced fractures or
fracture dislocations (6) in the independent, high-
functioning and healthy patient (15), especially when
assessed by specialist shoulder and elbow surgeons
(15). Surgical options are numerous, broadly clas-
sified into reconstructive options or arthroplasty
(6). Technical factors such as fracture pattern, bone
quality and rotator cuff integrity as well as patient
factors such as age, functional and comorbid status
help dictate selection of operative modality for each
individual fracture (16).

A factor complicating management is the risk
of post-traumatic avascular necrosis (AVN) (77).
Humeral head AVN is a devastating complication
that can lead to significant patient morbidity and
limitation (78). Underlying fracture characteristics
such as the degree of displacement and number of
fracture parts correlated with the risk of AVN, with
four-part fractures carrying the greatest risk (70,19).
Other suggested risk factors for AVN include the
length of posteromedial metaphyseal fracture ex-
tension, disruption of the medial hinge and
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fractures involving the anatomic neck (72), as well
as underlying patient factors. Direct injury to the
axillary artery and its articular branches following
proximal humerus fracture itself is rare, occurring
only in 0.09% of patients (20). It has been suggested
that prompt fracture reduction helps reduce the
incidence of post-operative AVN in those managed
surgically (78).

Open reduction and internal fixation (ORIF)
with plate osteosynthesis is a surgical strategy often
considered in those with displaced two or three
part fractures, with the objective of the operating
surgeon being to achieve adequate reduction and
fixation, in an attempt to preserve native anatomy
and optimise postoperative function (77). To
achieve this, a number of intraoperative techniques
can be used as per the surgeon’s preference. Two
primary approaches exist, namely deltopectoral
and anterolateral (or deltoid-splitting) (77). The
deltopectoral approach is the most commonly used
(21), making it an attractive option as it offers wide
exposure, while also following an internervous plane
between deltoid and pectoralis major (7). However,
this approach can limit exposure to the lateral and
posterior aspects of the proximal humerus (21),
which in turn can affect fracture visualisation and
reduction.

To help combat this, we routinely perform an
intra-articular tenotomy of the long head of biceps
tendon (LHBT) during deltopectoral approach to
proximal humerus ORIF, prior to tenodesis at the
level of pectoralis major. This is performed so to
facilitate fragment identification and aid fracture
reduction, particularly in regards to the humeral
head segment, as well as to potentially reduce
postoperative pain due to potential LHBT damage
or through entrapment in fracture callus at the level
of the surgical neck (22). Although both LHBT
tenotomy alone and additional tenodesis are viable
strategies, patient satisfaction has been shown to be
higher in those following tenodesis, particularly in
the more elderly patient, thus further strengthening
the argument for performing both procedures
intraoperatively (23).

While LHBT tenotomy and tenodesis helps in
fracture visualisation, it has been postulated that
routinely tenotomising the LHBT may disrupt the
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blood supply to the proximal humerus. It has been
suggested that the proximal humerus is significantly
perfused by the anterolateral ascending branch
of the anterior circumflex artery (24), which runs
parallel to the LHBT in the bicipital groove before
forming the arcuate artery. It has been suggested
that this branch of the anterior circumflex humeral
artery is at risk of damage during LHBT tenotomy
and tenoodesis, which may theoretically disrupt
perfusion to the proximal humerus and predispose it
to AVN and its associated complications (25).

The objective of our study was hence to evaluate
whether routine LHBT tenotomy and tenodesis
during proximal humerus ORIF via deltopectoral
approach is associated with an increased risk of
humeral head AVN through comparison with
reported rates in the literature.

MATERIALS AND METHODS

A retrospective, observational study of proximal
humerus fractures undergoing open reduction and
internal fixation by a single specialist senior upper
limb consultant surgeon across two centres between
January 2011 and April 2015 was performed.
Patients were identified through assessment of a
prospectively maintained surgical logbook of the
primary surgeon, which recorded a patient’s medical
record number, demographics, hospital location
and underlying systemic status at time of the index
operation. Proximal humerus ORIF performed in
circumstances of primary trauma via deltopectoral
approach with intraoperative biceps tenodesis were
deemed suitable for inclusion. Those performed
in the setting of revision, malignancy or those
operated upon via an deltoid-splitting approach
were excluded.

Demographics including age and gender
were recorded for each of the patients suitable
for inclusion. Patient’s underlying systemic
status was reflected by the American Society of
Anaesthesiologists Physical Status Scale (ASA-PS),
a validated marker of patients preoperative health
status (26). The type of fixation used for proximal
humerus osteosynthesis in each individual fracture
was also recorded.

Assessment of included patients consisted
primarily of radiographic evaluation, assessed
through utilisation of the McKesson Radiology™
picture archiving and communication (PACS)
system. Preoperative radiographs were evaluated
and classified as per Neer’s Classification (70), with
additional radiographic measurement of calcar
length and medial hinge integrity performed for each
individual fracture performed by two independent
reviewers each involved in this study. Calcar length
was calculated through obtaining the average of each
individual reviewer’s measurements and consensus
in regards calcar integrity was achieved in each
case between both reviewers following individual
review in case of discordance.

Evaluation of the incidence of postoperative
AVN of the humeral head following proximal
humerus ORIF with intraoperative biceps tenodesis
was the primary outcome of this study. This was
assessed through evaluation of plain postoperative
radiographs by the same two independent reviewers
as those evaluating the preoperative radiographs.
Plain radiographs with either dedicated shoulder
views, or imaging of adjacent structures were
deemed suitable for assessment, provided they
allowed for full views of the relevant humeral head
as well as lesser and greater tuberosities. The most
recent radiograph fulfilling these criteria at time of
assessment was used for evaluation of the presence
of AVN.

The criteria for determining humeral head AVN
on plain radiograph were extrapolated from the
characteristics initially described by Ficat and Arlet
in relation to proximal femoral AVN (27,28), which
have since been adopted as radiological evidence
of AVN. Each radiograph was hence evaluated for
the presence of subchondral sclerosis, presence
of radiolucent cysts, diffuse osteopenia, as well
as more pathognomonic imaging features of AVN
such as a “crescent line,” indicative of subchondral
fracture, alteration in joint space and flattening of
the humeral head (28), with a radiograph deemed as
displaying AVN should any of these pathognomonic
features be present. An evaluation of the incidence
of tuberosity AVN was also performed at time of
review.
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RESULTS

88 proximal humerus ORIFs were performed
over a 52 month period across two centres, of which
61 were deemed suitable for inclusion for eventual
analysis. These were undertaken in 60 patients,
with one patient suffering from bilateral proximal
humerus fractures during a single index injury,
requiring subsequent bilateral ORIF on the same
date. Of those included, 78% were female (47/60)
and 22% male (13/60), with an overall mean age
of 64 years (Standard Deviation (SD)=13) (Table
). 42% (25/60) of patients presented without any
comorbidities (ASA) at time of the index operation,
with 47% (28/60) and 11% (7/60) presenting with
mild (ASA II) and severe (ASA III) systemic
disease, respectively (Table II).

Upon radiographic evaluation of all included
fractures as per Neer’s Classification ', 1.6% were
two-part (1/61), 32.8% three-part (20/61) and 65.6%
four-part (40/61) fractures (Table III). Further
assessment showed 60.7% (37/61) of fractures
having a calcar-length less than 8mm and 42.6%
(26/61) displaying loss of medial hinge integrity on
preoperative radiographs.

Each included proximal humerus fracture under-
went ORIF through a standardised approach,
which typically included beach-chair positioning,
perioperative antibiotic prophylaxis and intra-
operative image intensification to guide fracture
reduction. The deltopectoral approach was utilised

Table I. — Included patient demographics

Table III. — Included patient neer fracture classification

Neer Classification Number of Percentage
Patients
Minimally-Displaced 0 0%
Two-Part 1 1.6%
Three-Part 20 32.8%
Four-Part 40 65.6%
Articular Segment 0 0%

in each case with intraoperative tenodesis of the
LHBT atthe level of pectoralis major prior to closure.
Fracture fixation was attained following reduction
through locking plate osteosynthesis in each case,
with the DePuy Synthes PHILOS™ proximal
humerus system utilised in 94% of cases (57/61)
and the Arthrex Humeral SuturePlate™ system
used in 6% (4/61). Postoperative rehabilitation in all
patients involved radiographic and clinical follow-
up, with a gradual increase in passive and active
range of movement in accordance with clinical
and radiological review as per a standardised
rehabilitation protocol.

Postoperative radiographs utilised for evaluation
ofevidence of AVN occurred atamedian of23 months
(SD=15) following the index ORIF procedure. Only
1 patient (1.6%) displayed definitive evidence of
humeral head AVN (Table 1V) following assessment
by both independent reviewers. This patient was a
64 year old ASA-I patient presenting with a four-
part proximal humerus fracture with both a calcar
length of less than 8mm and loss of medial hinge on
preoperative radiographs, and underwent fixation
using a PHILOS™ Jocking plate. She developed
postoperative AVN and underwent subsequent total

Fracture Type Female Male Total shoulder arthroplasty 12 months following initial
Number of Patients 47 13 60 ORIF.
(Percentage) (78%) (12%) . . . . . .
Mean Age in Years Further postopqratlve radlogra'phlc review ¥dent1—
(SD=Standard 81361113 Sszltz ] SD6f13 fied 8.2% of patients (5/61) displaying evidence
Deviation) (SD=13) | (SD=12.6) | (SD=13) of tuberosity AVN, with none of these patients
Table II. — Included patient ASA grading
ASA Grade Definition Number of Patients Percentage
ASAI A normal, healthy patient 25 42%
ASA2 A patient with mild systemic disease 28 47%
ASA3 A patient with severe systemic disease 7 11%
ASA 4 A patient with severe systemic disease that is a constant threat to life 0 0%
ASAS A moribund patient not expected to survive without operation 0 0%
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Table IV. — Incidence of postoperative radiographic avascular necrosis

Avascular Necrosis Number of Patients Percentage Number of Reoperations Percentage Reoperation
Humeral Head 1 1.6% 1 100%
Tuberosity 5 8.2% 0 0%

requiring additional surgical intervention (Table
IV). Additional complications identified showed
1.6% of included patients (1/61) required early
removal of metalwork for loss of fixation position,
and 1.6% (1/61) displayed evidence of fracture
nonunion at 38 months post-fixation, with neither
requiring further surgery.

DISCUSSION

Proximal humerus fractures are becoming in-
creasingly common (3), and can result in significant
impairment, particularly in the elderly patient
(8). As a result of this increase, the complications
associated with proximal humerus fractures
are now more frequently encountered (29), with
post-traumatic humeral head AVN of paramount
concern in management of these injuries. The exact
incidence of post-traumatic AVN in this group has
been difficult to quantify precisely, attributed to the
heterogeneity in evaluation, treatment and follow-
up (29), with rates estimated to be up to 25% in
three-part fractures (30,31) and range between 0 and
77% in four-part fractures (32,33,34).

To date, a multitude of risk factors have been
described to determine the likelihood of post-
traumatic humeral head AVN. While the fracture
patterns predisposing patients to post-traumatic
proximal humerus AVN are well described (10,12),
intraoperative factors are also considered relevant
(29). The rationale behind this is based upon
the principle that a disruption in blood supply
precipitates humeral head AVN. The humeral head’s
blood supply generally derives from two sources,
namely the anterior and posterior circumflex
arteries, each arising from the axillary artery. It has
been traditionally postulated that the arcuate artery,
the termination of the ascending anterolateral branch
of the anterior circumflex artery, running laterally to
the LHBT makes up the predominant blood supply to
the humeral head (35), with the proximal circumflex

artery, despite its greater diameter, supplying only
the posteroinferior part of the humeral head and
posterior greater tuberosity (24). More recent MRI
evaluation, however, has suggested the posterior
circumflex artery plays a more prominent role than
previously suspected, providing up to 64% of all
blood supply to the humeral head (24). As such,
preservation of both vascular structures during
open reduction and internal fixation (ORIF) is
recommended (77).

The versatile deltopectoral approach has been
described as a common option for displaced
proximal humerus fractures requiring ORIF (36). It
generally allows for wide exposure of the surgical
field if required, and follows an internervous
plane between deltoid and pectoralis major,
hence potentially aiding protection of the axillary
nerve (17). To aid complex multiple-part fracture
visualisation, accurate reduction and optimal
fixation, particularly when accessing the head
segment through the rotator interval and insuring
calcar reduction through this approach 21), we
routinely perform a LHBT tenotomy and subsequent
tenodesis at the level of pectoralis major. Up to
40% of post-operative complications following
proximal humerus ORIF have been attributed to
intraoperative surgical technique (37), and as such,
this intraoperative step may be of considerable
benefit in helping insure more accurate reduction
and fracture fixation, thereby potentially reducing
the risk of complications due to surgical technique
(37).

Injury to the LHBT has been associated with both
shoulder pain and dysfunction (38), and as such an
additional benefit to LHBT tenodesis within this
context may also exist in regards postoperative
pain relief. While the role of the LHBT in humeral
stabilisation is suspected to be limited (39,40),
pathology to the tendon is an established cause
of shoulder pain and dysfunction (47). Significant
stromal cell differentiation predisposing the LHBT
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to pathology and resultant pain have been found
on histological tendon study following complex
proximal humerus fractures (42), and as such it can
be postulated that tenodesis of the LHBT during
fracture management may negate this potential
source of pain as well as minimising the potential
risk of scarring or adhesions (43), therefore aiding
recovery and return to function. These benefits are
further supported by the fact that LHBT tenodesis
may minimise potential entrapment of the LHBT
at the level of the surgical neck component of
the fracture and its associated callus, with LHBT
pain having previously been associated with both
shoulder pain and locking (44).

While potential benefits to LHBT tenodesis
exist, it has been argued that routine tenodesis may
predispose the patient to higher risk of humeral
head AVN, primarily due to the proximity of the
anterolateral branch of both the anterior circumflex
artery and its principal arcuate branch to the LHBT
in the bicipital groove (24). The risk of iatrogenic
arcuate artery injury during surgical fixation has
been described as a risk factor for humeral head
osteonecrosis (29), and as such potential injury to the
arterial supply during LHBT may in theory disrupt
humeral head perfusion.

However, our series found radiographic evidence
of post-operative humeral head AVN in only 1 (1.6%)
patient undergoing LHBT tenodesis at deltopectoral
approach, which appears to be an acceptable rate
when compared to previously published standards
for this fracture pattern [28-32]. This series primarily
evaluated displaced three and four part fractures in a
predominantly elderly, female population, generally
representative of the typical population suffering
from proximal humerus fractures (2,45), therefore
strengthening the potential safety inference one
may make from our findings. In the context of
both the potential intraoperative and postoperative
advantages discussed previously, a low associated
risk of AVN may reinforce the routine use of LHBT
tenodesis previously postulated (42).

Our study is a non-randomised retrospective
study of a relatively small sample size, which can
limit the clinical significance of its findings. The
small sample size and retrospective study design
also contributed to the inability to perform a power
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analysis and comparative statistics which precludes
the ability of this study to evaluate for a potentially
statistically insignificant change in the rate of AVN
following LHBT tenodesis. This may be further
exacerbated by the varying length of post-operative
radiographic follow-up, as well as the lack of
correlation of plain radiographic evidence with both
clinical and more advanced radiographic evidence
of humeral head AVN. Despite these limitations, we
believe this study to be of benefit as it highlights
the relative safety of intraoperative LHBT tenodesis
in the context of postoperative AVN. Plain radio-
graphic evidence of AVN of the femoral head has
been shown to occur at from one year following
onset of symptoms (46), and extrapolation of this
to the proximal humerus entails that the median
radiographic follow-up of 23 months may be of
satisfactory length to allow potential AVN to become
apparent on plain film. As such we feel this paper
offers some initial evidence for what can be a useful
intraoperative technique during proximal humerus
ORIF. Ideally, randomised studies including both
clinical and advanced radiographic follow-up of
postoperative patients would further help evidence
the safety of this intraoperative technique.

In conclusion, our experience has shown that
intraoperative tenodesis of the LHBT during
deltopectoral approach to proximal humerus ORIF
does not appear to be associated with a high rate
of humeral head AVN, even in complex, multiple
part proximal humerus fractures, adding weight to
a technique which may theoretically aid in both
fracture fixation and postoperative pain reduction.
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