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ORIGINAL STUDY

Functional outcome after proximal humerus fracture fixation :
understanding the risk factors

Anthony CHrisTiaNO, Christian PEaN, Sanjit Konpa, Kenneth EGoL

From the NYU Hospital for Joint Diseases, New York, NY and Jamaica Hospital Medical Center, Queens, NY

The purpose is to identify risk factors of functional
outcome following proximal humerus open reduction
and internal fixation.

Patients treated for proximal humerus fractures with
open reduction and internal fixation were enrolled in
a prospective data registry. Patients were evaluated
for function using the Disability of the Arm, Shoulder
and Hand score for 12 months and as available beyond
12 months. Univariate analyses were conducted to
identify variables associated with functional outcome.
Significant variables were included in a multivariate
regression predicting functional outcome.
Demographics and minimum of 12 month
follow-up were available for 129 patients (75%).
Multiple regression demonstrated postoperative
complication (B=8.515 p=0.045), education level
(B=-6.269p<0.0005), age (B=0.241p=0.049) and
Charlson Comorbidity Index (B=6.578, p=0.001)
were all significant predictors of functional outcome.
Orthopaedic surgeons can use education level,
comorbidities, age, and postoperative complication
information to screen patients for worse outcomes,
establish expectations, and guide care.

Keywords : proximal humerus fracture ; open reduction
and internal fixation ; locked plate ; education level.

INTRODUCTION

Fractures of the proximal humerus account for
50% of all humerus fractures and lead to 184,300
emergency department visits per year in the United
States. (17) Women (4) and the elderly (28) are more
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commonly affected, with 5% of women over the age
of 65 projected to have a fracture of the proximal
humerus in their lifetime. (7) The risk of a proximal
humerus fracture increases with associated bone
fragility or increased fall risk. (20) The majority of
these fractures is minimally displaced (6) and can
be treated nonoperatively (74) with good functional
outcome. (12)

In most displaced or unstable proximal humerus
fractures, operative treatment is indicated. (22) There
are many operative methods available to today’s
orthopaedic surgeon including closed reduction with
percutaneous pinning, (7) intramedullary nailing,
(30) locking plate fixation, (34) hemiarthroplasty (3)
or reverse total shoulder arthroplasty. (16) Handoll
et al demonstrated in an update for the Cochrane
review that there was inadequate evidence to support
any one technique over the others. (1) Despite this
disagreement in optimal treatment, locking plate

B Anthony Christiano, B.A.
M Christian Pean, M.S.
B Kenneth Egol, M.D.

New York University, Hospital for Joint Diseases,
Department of Orthopaedic Surgery, New York, New York.

B Sanjit Konda, M.D.

Jamaica Hospital Medical Center, Department of Orthopae-
dic Surgery, Queens, New York.

Correspondence : Anthony Christiano, 301 East 17" Street,
14" Floor, New York, NY, 10003. Phone: +1-(212)-598-6460,
fax: (212) 460-0162. E-mail : anthonychristiano@ gmail.com.

© 2017, Acta Orthopadica Belgica.

Acta Orthopaedica Belgica, Vol. 83 - 1 - 2017



2 A. CHRISTIANO, C. PEAN, S. KONDA, K. EGOL

fixation has become more popular (32) with high
union rates and good functional recovery. (25)

Despite its popularity and success, high
complication rates after open reduction and
internal fixation (ORIF) have been reported in
the orthopaedic literature with one systematic
review by Sproul et al demonstrating an overall
complication rate of 49% and a reoperation
rate of 14%. (33) In addition to complications
increasing patient morbidity in the short term, Ong
et al previously demonstrated significantly worse
functional outcomes in patients with complications
after proximal humerus ORIF compared to patients
without complications. (26) The purpose of this
study was to elucidate other patient specific factors
associated with poor functional outcomes after
ORIF of a proximal humerus fracture with a locked
plate.

MATERIALS AND METHODS

Under an institutional review board approved
protocol, all patients treated with a locking plate
for a proximal humerus fracture (Figure 1) by one
of 3 fellowship trained orthopaedic traumatologist

b
i

were approached for enrollment in a prospective
data registry. All patients underwent repair with a
similar protocol. Charlson comorbidity index (CCI)
was calculated based on patient comorbidities
at the time of injury. Neer classification (24) was
determined by the treating physician based on
a standard preoperative shoulder trauma series
including, anteroposterior, axillary, and scapular-Y
radiographs of the affected shoulder. Individual
patient demographic information including a five-
value categorical education variable (less than high
school, high school, some college, college, and
post-graduate education) was collected prior to
treatment. Following surgery, patients were followed
at regular intervals with a minimum of 12 months.
Functional status was assessed using the Disabilities
of the Arm, Shoulder, and Hand Outcome Measure
(DASH), Clinical evaluation included shoulder
range of motion (ROM), and radiographs were
obtained to assess for healing and the development
of osteonecrosis. All patients engaged in a similar
postoperative protocol including initial placement
in a sling, early passive range of shoulder motion,
and muscular strengthening. Complications were
recorded.

Fig. 1. — Anteroposterior radiographs demonstrating a proximal humerus fracture at time of injury (left) and 1 year after ORIF (right).
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Statistical Analysis

Univariate analyses were conducted to determine
significant differences in DASH scores based on
patient independent variables. Separate Mann
Whitney U tests were conducted to determine
differences in median DASH score between
smokers and non-smokers and patients with
complications and patients without complications.
Spearman’s rank order correlations were conducted
to determine association between DASH score and
education level, body mass index (BMI), age, CCI,
and Neer classification. A monotonic relationship
between DASH and the test variable was verified
for all Spearman’s correlations. A significance cut
off of p < 0.05 was used for all univariate analyses.

All variables found to have a statistically
significant impact on DASH scores were included
in a multivariate regression. A multivariate
regression including presence of a postoperative
complication, education level, age, and CCI
was conducted to predict DASH score. The data
were examined for the assumptions of linearity,
independence of errors, homoscedasticity, and
normality of residuals. A significance cut off of p
< 0.05 was considered statistically significant in
the multivariate regression. All statistical analyses
were completed using SPSS 20.0 software (IBM,
Armonk, NY).

RESULTS

Demographics and minimum of 12-month follow
up were available for 129 patients (75%). Of the
129 eligible patients, 45 were male (35%) and
84 were female (65%). Mean age of the eligible
patients was 61.5 years (SD 13.5). Mean DASH for
all eligible patients was 22.6 (SD 22.2) at a mean
follow up of 23.4 months (range 12 to 72 months).
Mean DASH score by education level can be seen
in figure 2. The overall complication rate in this
cohort was 20.2%. A description of complications
can be seen in Table I. Mean CCI was 0.5. The most
common comorbidity was diabetes affecting 17.8%
of the study population (Table II).

Results from the univariate analyses are
shown in Table III. BMI and Neer classification

Fig.2. — Mean DASH score by education level demonstrating
lower mean DASH score with increased patient education level

(fracture pattern) were not significantly associated
with DASH score. Presence of a complication,
education level, age, and CCI were all significantly
associated with DASH score and were included
in a multivariate regression. The assumptions of
linearity, independence of errors, homoscedasticity,
and normality of residuals were met for all included
variables. Multiple regression demonstrated
presence of a postoperative complication (B =
8.515, 95% CI for B: 0.188 to 16.842, p = 0.045),
lower education level (B = -6.269, 95% CI for B:
-8.819t0 -3.719, p < 0.0005), older age (B = 0.241,
95% CI for B: 0.001 to 0.482, p = 0.049) and higher
CCI (B = 6.578, 95% CI for B: 2.905 to 10.250, p
=0.001) were all statistically significant predictors
of worse DASH score.

DISCUSSION

The orthopaedic literature has demonstrated both
a high complication and reoperation rate associated
with locked plate fixation of proximal humerus
fractures. There are several surgeon and patient
specific risk factors influence functional outcome
and complication rate. Egol et al previously
showed augmenting the repair of proximal humerus
fractures with calcium phosphate cement decreased
fracture settling and rate of screw penetration into
the glenohumeral joint. (9) Also, quality of the
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Table 1. — Description of complications after proximal
humerus ORIF
Complication type Total Number CP(G):}rlcOf;rtltage of
Screw penetration 8 6.2%
Avascular necrosis 7 54%
Infection 4 3.1%
Hardware failure 2 1.6%
Heterotopic ossification | 2 1.6%
Malunion 1 0.8%
Nonunion 1 0.8%
Painful hardware 1 0.8%

Table II. — Description of comorbidities in the study cohort,
with diabetes being the most common comorbidity

Comorbidity Percent Affected
Diabetes 17.8%
Chronic Pulmonary Disease 7.0%
Connective Tissue Disorder 54%
Peptic Ulcer Disease 3.9%
Tumor without Metastasis 3.9%
Liver Disease 3.1%
Congestive Heart Failure 1.6%
Renal Disease 0.8%
Myocardial Infarction 0.8%

anatomic reduction and restoration of the medial
cortical support are important factors in preventing
fixation failure. (78) Patient specific factors
influencing outcomes after ORIF of proximal
humerus fracture include age, local bone mineral
density, (18) increased fracture displacement, varus
deformity, decreased humeral head vascularity, (13)
and social independence. (5)

Our data demonstrate age and presence of a
postoperative complication are negative predictors
of functional outcome at final follow-up following
ORIF of proximal humerus fractures using a locking
plate. This is consistent with previous findings in
which Ong et al demonstrated in a smaller cohort
that patients with a complication after proximal
humerus fracture ORIF had significantly worse
functional outcome compared to patients that did
not have a complication. (26) Age has also been
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previously established as a risk factor for worse
functional outcome after proximal humerus fracture
ORIF. Leonard et al demonstrated significantly
worse functional outcome in patients greater than
age 65 years old compared to patients younger than
65 years old. (21)

Education level and CCI were found to be
independent predictors of functional outcome
following proximal humerus fracture ORIF in this
cohort. Petrigliano et al previously demonstrated
that higher CCI is associated with increased
mortality risk after non-arthroplasty fixation of
proximal humerus fractures. (29) Orthopaedic
surgeons can now be confident that, in addition
to increased mortality risk, patients with more
medical comorbidities and increased CCI are also
at risk of worse functional outcome following
proximal humerus ORIF. We postulate this is due
to delayed postoperative recovery in the comorbid
patient leading to deconditioning and an inability
of patients with existing comorbidities to properly
complete prescribed physical therapy.

Comorbidities have been associated with
delayed fracture union. Specifically, diabetes
mellitus, anemia, malnutrition, peripheral vascular
disease, and hypothyroidism are all associated with
delayed fracture healing. In addition, NSAID or
corticosteroid use for the management of chronic
conditions is linked to delay in fracture healing.
(10) This delay in fracture healing of the comorbid
patient becomes clinically important because
successful fracture union is necessary for resolution
of pain and restoration of functional capacity. (8)
With decreased functional capacity, patients that
are slow to heal are at greater risk of decreased
mobility. Sedentary behavior predisposes patients
with neuromuscular disabilities to deconditioning.
(31) Therefore, we postulate that delayed recovery
in the comorbid patient leads to deconditioning
and loss of function that is never regained. This
type of loss of functional status is similar to that
described in patients after hip fracture, (24) and as
with hip fractures these patients may benefit from
home-based exercises programming focused on
restoration of function. (79)

Patient education has previously been revealed
as a predictor of functional outcome after operative



Table II. — Results of all univariate analyses demonstrating statistically significant relationships between DASH score and presence
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of a complication, level of education, age, and CCI

Variable Test Completed p-value
Smoking status Mann Whitney U 0.902
Complication Mann Whitney U 0.003*
Education Level Spearman’s Rank Order Correlation < 0.0005*
BMI Spearman’s Rank Order Correlation 0.612
Age Spearman’s Rank Order Correlation 0.034*
Charlson Comorbidity Spearman’s Rank Order Correlation < 0.0005%
Neer Classification Spearman’s Rank Order Correlation 0.487

* Denotes statistical significance at p<0.05

management of multiple fracture types. In a similar
study, Paksima et al prospectively followed a
group of 335 patients with distal radius fractures
treated either operatively or nonoperatively. They
demonstrated that each increase in level of patient
education led to a doubling of improvement in
pain, range of motion, grip strength, and DASH
score at each observed time point. The authors
noted that education level was easy to obtain
and more indicative of socioeconomic status than
yearly income. (27) Similar results were shown
by Bhandari et al who followed 30 patients with
operatively treated unstable ankle fractures over
a two year period. They showed level of patient
education was a significant predictor of physical
function 3 months after surgery and accounted for
a large percentage of the variance in postoperative
physical function. They postulated that decreased
physical function 3 months after surgery in patients
with lower levels of education was possibly the
result of underlying comorbidities that delayed
healing or increased stress in the patient’s lives. (2)

Our study results substantiate the continued
applicability of patient education level as a
predictor of functional outcome following proximal
humerus fracture. Education level has been shown
to be associated with decreased levels of stress after
upper extremity trauma. Jaquet et al conducted
a retrospective review of 107 patients diagnosed
with traumatic nerve injury. They found that the
vast majority of patients suffered some degree of
psychological stress following their injury, which
correlated with functional outcome. However,
higher level of patient education was protective

against psychological stress after trauma. (/5) It is
possible that it is this same protective mechanism
at work in traumatic fractures including proximal
humerus fractures.

Our study is limited by its generalizability. The
patient cohort was disproportionately female and
geriatric. Although this is consistent with the known
epidemiology of proximal humerus fractures, (4,28)
it weakens the applicability of these results to male
and young patients. However, the findings are
applicable to the typical patient presenting with a
proximal humerus fracture.

Results from this study support the notion that
comorbid patients and patients with lower education
levels are at risk of poorer functional outcomes
following proximal humerus fracture ORIF. To
our knowledge, this is the first study establishing
that a lower educational level correlates with poorer
functional outcomes for patients undergoing locked
plate fixation for proximal humerus fractures.
We recommend that in addition to obtaining a
patient’s medical history, which may be limited by
patient understanding of their comorbid conditions,
patient care may benefit from ascertaining patient
education level preoperatively. Patient education
level has now been shown to be a significant
predictor of functional outcome in multiple fracture
types. Asking a patient their level of education may
benefit patient care as a single question screen to
identify patient at risk of poor functional outcome
after fracture ORIF. Identified patients may benefit
from increased disease specific counseling, social
work consultation, and identification of patient
barriers to physical therapy.
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