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Abstract

Purpose Avascular necrosis (AVN) of the humeral head is
a devastating complication of proximal humeral fracture
(PHF) that often results in long-term morbidity for the
patient. Rates of AVN depend on the number of fracture
fragments and are highly variable. The literature suggests
that timely stable and anatomic reduction may decrease the
rate at which AVN develops after PHF. To our knowledge,
there is no literature published investigating a temporal
relationship between the timing of PHF fixation and rates
of AVN.

Methods Operative records of one orthopedic trauma sur-
geon were used to identify patients that underwent open
reduction internal fixation for PHF at our institution
between 2007 and 2012. Radiographs at presentation were
reviewed and used to classify the fractures into two, three
or four parts. Date and time of the initial radiograph were
recorded as were the date and time of available intra-op-
erative fluoroscopic images. The time from presentation
radiograph to operative fixation was calculated (hours).
Available follow-up plain films were then reviewed and
evaluated for the presence or absence of humeral head
AVN.

Results Time to surgery (less than or greater than 72 h)
and patient age did not correlate with development of AVN
after PHF (p > 0.26). Notably, the number of fracture
fragments did influence the rate of AVN identified in
patients with PHF (p = 0.002).
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Conclusion Early operative intervention does not appear to
decrease the rate of development of avascular necrosis after
PHF.

Keywords Proximal humerus fracture - Avascular
necrosis - Open reduction internal fixation - Timing of
surgery

Introduction

Proximal humerus fractures (PHFs) are common, com-
prising 4-5 % of all fractures presenting for medical
evaluation [1]. The minority of these fractures are dis-
placed, and it is this subgroup most at risk for complica-
tions [2].

Avascular necrosis (AVN) is a devastating complication
of PHF. Development of this complication correlates with
displacement and the number of parts created by the frac-
ture lines (as described by Neer) and can range from 3 to
90 % [2, 3]. Patients who develop this complication can
face significant long-term disability and few reliable sur-
gical options for treatment [2—-6].

A number of risk factors for the development of post-
traumatic AVN have been previously reported in the lit-
erature. Risk factors include the number of fracture frag-
ments and the degree of fracture fragment displacement
[2, 6-8]. These authors have also postulated that operative
stabilization promotes revascularization of the humeral
head [7, 9].

Traumatic femoral neck fractures in young individuals
are treated urgently to reduce the rate of AVN development
[10]. Both the femoral head and humeral head are vascu-
larized by retrograde flow, and therefore, a similar
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relationship between time to open reduction internal fixa-
tion (ORIF) and the development of AVN may exist [1, 2].

Presently, there is no literature available describing the
relationship between time to ORIF and development of
AVN in PHFs. The purpose of this study was to investigate
whether time to operative fixation influences incidence of
AVN in PHFs.

Patients and methods

Ethics board approval was obtained prior to the com-
mencement of this study. Operative records from one
orthopedic surgeon at our institution identified twenty-two
patients who underwent ORIF for PHF between 2007 and
2012. Three patients who were treated with ORIF for a
nonunion were excluded. ORIF was completed using a
combination of the deltopectoral and lateral approaches
with fixation achieved using the 3.5-mm LCP proximal
humeral plate (Synthes; West Chester, Pennsylvania,
USA).

Nineteen patients’ files representing acute PHF were
reviewed, and initial (presentation) radiographs and
adjuncts (computed tomography (CT) scans, if available)
were used to classify the fracture as either two, three or
four parts. There were seven two-part, ten three-part and
two four-part fractures identified (mode of three parts). The
date and time of the initial radiograph and the date and time
of intra-operative fluoroscopic images were recorded. Time
(hours) between presentation and fixation was then calcu-
lated. Determination of time from injury to fixation was not
possible based on information available within the patient
charts, and therefore, time from presentation to ORIF was
used as a surrogate measure. Patients were then divided
into less than and greater than 72 h to ORIF to facilitate
statistical analysis of the data. On review of the data
available in this study, the 72-h mark was an easily iden-
tifiable division that permitted sufficient sample size in
each group (early versus late ORIF) to facilitate statistical
analysis. Final radiographic follow-up films on each patient
were then reviewed for the presence or absence of AVN
(Table 1).

SPSS 12.0 (SPSS, Chicago, Illinois, 2004) software was
used to complete statistical analyses in the form of a binary
logistic regression.

Results

Five patients (two two-part and three three-part PHFs, no
four-part or four-part valgus-impacted) underwent ORIF
within 72 h of presentation (10-51 h; 28 & 17 h). The
mean age of these patients was 53 (range 40-67 years).
Follow-up ranged between 90 and 1522 days
(729 £ 490 days).

Fourteen patients (five two-part, seven three-part, two
four-part displaced, no four-part valgus-impacted PHFs)
underwent ORIF 72 h or more after presentation
(79-1193 h; 1509 & 3248 h). The mean age of these
patients was 56 (range 19-77 years). Follow-up ranged
between 54 and 1249 days (558 £ 387 days).

It should be noted that the groups did not differ signif-
icantly in ages as identified by an unpaired Student ¢ test
(p = 0.342).

One patient (three-part PHF) treated within 72 h of
presentation developed AVN. Two patients (both four-part
PHFs) treated after 72 h from presentation developed
AVN.

A binary logistic regression analysis was used to
determine which variables influenced rate of development
of AVN. Only fracture type (two, three or four parts)
correlated significantly with the rate of development of
AVN (p = 0.002). Time to surgery (either greater or less
than 72 h) and age did not correlate significantly with the
rate of development of AVN (p > 0.26).

Discussion

PHFs comprise a significant portion (5 %) of traumatic
injuries treated by orthopedic surgeons [1]. Complications
such as AVN are not uncommon with rates as high as 90 %
reported for severe four-part fractures [3].

Established risk factors exist for the development of
AVN after fracture. The number and displacement of PHF

Table 1 Statistical significance of the relationship between three studied variables (age, number of PHF parts and time to ORIF in hours) and the

incidence of AVN in twenty-two patients with PHF treated with ORIF

Overall No AVN AVN Statistical significance
Age in years (mean) 55.21 £ 14.19 55.31 £ 15.52 54.67 £ 2.08 0.95
Number of parts (mean) 2.74 £+ 0.65 2.56 £ 0.51 3.67 £ 0.58 0.004
Time in hours to ORIF (mean) 186.95 £ 259.34 200.50 & 279.95 114.67 £ 90.65 0.61
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fragments correlate with rates of AVN [2, 6-8]. Hertel
developed predictive criteria for the development of AVN
through investigation of one hundred PHFs [7]. Integrity of
the medial calcar (lengths < 8 mm) and disruption of the
medial hinge most predictably correlated with progression
to AVN after fracture [7]. Additionally, Spross et al. [11]
found a correlation between fracture dislocations and
increased incidence of AVN of the proximal humerus.

The humeral head articular surface has a tenuous blood
supply [1, 2]. The arcuate branch of the anterior humeral
circumflex artery provides a significant proportion of the
flow to the humeral head articular surface in a retrograde
fashion. This is akin to the lateral epiphyseal branch of the
medial femoral circumflex artery that supplies the femoral
head [1, 2]. A temporal relationship between time to ORIF
of displaced femoral neck fractures and development of
AVN has been established. It follows that the same could
be true for the proximal humerus and therefore a shorter
time to ORIF may correlate with a smaller incidence of
AVN in these fractures.

Several authors have postulated that stable internal fix-
ation promotes revascularization of the humeral head after
fracture [7, 9]. Early stabilization of these fractures could
therefore be expected to reduce ischemic time for the
humeral head and perhaps the rate of AVN.

Impairment resulting from AVN is well documented in
the literature, notably chronic pain, severely limited range
of motion and poor overall function [2, 6]. Treatment
options for young, high-demand patients are limited and
outcomes are unreliable; as such, these patients are gen-
erally not considered suitable for prosthetic replacement
[1, 12-14]. End-stage AVN of the proximal humerus in
elderly, low-demand individuals can be treated success-
fully with hemiarthroplasty; however, hemiarthroplasty for
AVN after ORIF is less successful that if hemiarthroplasty
is performed as the primary procedure [8, 15]. Identifying
those factors that increase the risk of AVN, therefore, is an
important pursuit for patients across the age spectrum. At
present, there are no studies in the literature that document
effective preventative strategies to reduce the incidence of
AVN in this population.

The purpose of this study was to investigate the role of
time to ORIF in the development of AVN in two-, three-
and four-part PHFs. No correlation between time to sur-
gery, either early (less than 72 h) or late (greater than
72 h), and incidence of AVN was identified in the small
population studied. However, this study does support the
body of evidence correlating the number of fracture frag-
ments with the incidence of AVN.

One explanation for the lack of correlation between time
to ORIF and incidence of AVN in PHFs (unlike in the
proximal femur) is the number of vessels supplying the
humeral head. Apart from the arcuate artery, the humeral

head is also supplied by the posterior humeral circumflex
and vessels from the greater tuberosity, lesser tuberosity
and proximal humeral metaphysis [1, 2]. Parallels for these
collateral vessels do not exist in the proximal femur [16].

Of note, this study lends support to the notion that PHFs
are not emergent orthopedic cases and as such can be safely
performed under semi-elective conditions with a well-res-
ted team versed in the appropriate equipment required. In
the era of increasing awareness of surgeon fatigue and
related patient complications, such literature is valuable in
the determination of after-hours operating room time
allocation [17].

Limitations of this study include small sample size
(and, therefore, small number of AVN complications)
which reduces the available power to detect a correlation
between time to ORIF and incidence of AVN. Further-
more, stage one of AVN (according to Cruss) is not
detectable on plain film, and as such, the number of cases
of AVN identified may underrepresent the true incidence
of AVN in this population [13]. Finally, radiographic
follow-up varied from 54 to 8627 days; those patients
with only short-term follow-up may have developed AVN
after final follow-up as reported previously in the litera-
ture [8, 18, 19].

Future studies investigating a relationship between time
to ORIF for PHFs and incidence of AVN would benefit
from a larger sample size and longer follow-up interval.
Confirmation of the results presented would certainly
contribute to the argument for elective (versus emergent)
ORIF of PHFs.
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