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Abstract

Introduction: Treatment of complex fracture patterns of the proximal humerus continues to be a challenging and controversial
clinical scenario. The aim of this study was to report on the outcomes of complex displaced 3- and 4-part fractures of the proximal
humerus treated with locked plating and compare the functional results of patients on the basis of age at time of injury. Methods:
A retrospective review was completed to identify patients whom had sustained a 3- or 4-part fracture of the proximal humerus
(Neer classification), treated surgically with locked compression plating. Patients were recruited for a final follow-up, with clinical
(Constant and Disabilities of the Arm, Shoulder, Hand [DASH] scores) and radiographic outcome analysis. Results were com-
pared (t test and Wilcoxon test) with fracture type (3- vs 4-part) and patient age at time of fracture (<65 years vs >65years)
as the primary outcome measure. The presence or absence of a complication and presence or absence of a concomitant osseous
injury at the time of presentation were evaluated as secondary outcome measures, in regard to overall functional results of the
treatment in question. Complications were defined as posttraumatic osteoarthritis, avascular necrosis of the humeral head, and
screw cutout with chondrolysis. The null hypothesis being that age of the patient at the time of injury would not greatly affect
functional outcome measurements. Results: Forty-five fractures were identified in 45 patients, with 31 three-part fractures and
| 4 four-part fractures, and 17 patients were available for final follow-up (9 three-part and 8 four-part). Twelve patients were iden-
tified as under the age of 65 years and were compared with 5 patients who were identified as older than 65 years of age. The
relative Constant score, at final follow-up, for those under the age of 65 was 88.58, while the score for those above the age
of 65 was 82.5. In a similar fashion, the DASH score for those younger than 65 was | 1.67, while the score for those older than
65 was 12.5. Neither the Constant score nor the DASH score differed in a statistically significant manner, when comparing
patients who were younger than 65 to those older than 65 years of age. Conclusion: The current series of fractures was able
to demonstrate similar and satisfactory outcomes following locked plating treatment of complex 3- and 4-part proximal humerus
fractures in younger patients and patients older than the age of 65, while still accepting the null hypothesis.
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Introduction and there still remains no consensus for the optimal treatment
algorithm for these types of fractures.’

More current data, concerning the use of locking plates in
the treatment of proximal humerus fractures, has been very
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Figure 1. A, Preoperative radiographs of a patient who sustained a
3-part head splitting fracture. B, X-rays of the patient 43.5 months
postoperative.

encouraging.”’ However, these larger series have included less
complex fracture patterns (2-part Neer classification and type
A AO/OTA [Arbeitsgemeinschaft fiir Osteosynthesefragen/
Orthopaedic Trauma Association] classification) as part of
their overall appraisal of outcomes following ORIF of proxi-
mal humerus fractures with locked plating. In addition, other
studies have focused their attention on postoperative complica-
tions,® with relatively short follow-up, patient populations
affected by osteoporosis,'® or the effect of reduction on func-
tional outcome.'' A recent meta-analysis concluded that there
was insufficient evidence to determine the optimal treatment
for patients with displaced fractures of the proximal
humerus.'?

The aim of this study was to report on the mid-term outcomes
of complex displaced 3- and 4-part fractures of the proximal
humerus treated with locked plating and compare the results
of osteosynthesis between patients that were younger the age
of 65 at the time of injury to those patients who were older than
65 at the time of initial injury. The hypothesis being that these
more complex fracture patterns would still offer favorable and
similar results, between treatment groups, with ORIF, using
locking plate technology.

Methods

A retrospective chart review was undertaken to identify patients
whom had sustained a fracture of the proximal portion of the
humerus between the years 2003 and 2006 and subsequently
underwent ORIF with a locking compression plate. All patients
were treated at a level I trauma center, and all operating surgeons
were fellowship trained orthopedic trauma surgeons. Further-
more, displaced 3- and 4-part fracture patterns were distin-
guished for patient recruitment for final follow-up visit and
outcomes analysis. Fracture pattern grading was accomplished,
radiographically, through the Neer classification system,'*'* a
part being considered displaced if it had been separated from its
neighboring segment by more than 1 cm or angulated by greater
than 45 degrees.'® Inclusion criteria for the study consisted of (1)
displaced 3- or 4-part fractures of the proximal humerus, (2) ske-
letal maturity and 18 years of age or older, and (3) fixation of a
fracture no more than 3 weeks old. Patients with 2-part displaced
fractures, those younger than 18 years of age and those treated
after the acute period of 3 weeks were excluded from analysis.

The study was performed at a level I trauma center and approved
by the Institutional Review Board prior to its commencement.

All patients with a minimum of 12 months of follow-up were
recruited for outcome analysis data using plain radiographs
(anteroposterior [AP], lateral, and axillary), Constant scores
(CS)">'¢ of both the affected and unaffected shoulder, and Dis-
abilities of the Arm, Shoulder, Hand (DASH) score.'”*> Demo-
graphic data including age at the time of injury, sex, and
concomitant injury patterns were also collected at the time of
final follow-up. Constant scores were also measured as the per-
centage of the contralateral side because often scores represent
little value in expressing functional outcome in those who were
previously frail prior to their injury. Therefore, the CS is often
more relevant when considered in relation to the healthy contral-
ateral side.” This “relative” CS is especially valuable when
assessing the outcomes in an elderly population. The CS was
graded as poor (0-55 points), moderate (56-70 points), good
(71-85 points), or excellent (86-100 points).* Final fracture
classification, adequacy of reduction, presence of union, osteo-
necrosis, and postoperative radiographic complications (failure
of hardware, screw cutout, and chondrolysis) were determined
by the senior authors (T.L. and J.W.). A consensus was reached
when there was a discrepancy regarding any of the above out-
come measures.

All patients underwent operative fixation of their proximal
humerus fracture with standard Synthes proximal humerus lock-
ing plate (Synthes, Paoli, Pennsylvania). Surgical decision mak-
ing was determined after a review of injury radiographs and a
thorough preoperative discussion with the patient was underta-
ken. The decision to treat the proximal humerus fracture opera-
tively with ORIF versus hemiarthroplasty or nonoperatively was
based on fracture pattern and patient preference. In general, frac-
ture osteosynthesis is performed regardless of patient age, this
decision is based upon the amenability of the fracture to plate
fixation and the overall viability of the humeral head based on
injury pattern. Surgery was performed in the beach chair posi-
tion, on a radiolucent table, with the aid of intraoperative fluoro-
scopy to allow visualization of the fracture fragments in 2
planes. An anterior deltopectoral approach was chosen for expo-
sure of all fractures. Reduction was achieved with direct visua-
lization of all fracture fragments, transosseous sutures were
occasionally used for assistance with the reduction of tuberosity
fragments. Provisional reduction and fixation, with K-wires,
allowed for fluoroscopic confirmation of fracture reduction. A
3- or 5-hole plate was chosen for final fixation based on the level
of extension of the fracture into the diaphysis of the humerus.
The plate was positioned with the aid of an aiming device 5 to
8 mm distal to the upper end of the tuberosity and 2 to 4 mm pos-
terior to the bicipital groove. Five to six locking, angularly sta-
ble, screws were placed into the humeral head and a standard
3 to 4 cortical screws were placed in the shaft. Final intraopera-
tive images were taken to verify correct screw placement, and
range-of-motion was assessed to minimize the risk of any post-
operative impingement (Figurel).

Postoperatively the patients were immobilized in a sling and
passive range-of-motion exercises were initiated within 1 to 2
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weeks. Controlled active mobilization was started 4 to 6 weeks
into the postoperative course and focused on abduction and
forward flexion greater than 90 degrees. Initiation of these exer-
cises depends upon bone quality and stability of fixation
achieved through osteosynthesis. Follow-up appointments, at
regularly scheduled intervals, were arranged to assess position
of the plate and adequacy of fracture healing.

After final follow-up, review of postoperative radiographs
and tabulation of the outcome scores, a post hoc statistical
analysis, was preformed primarily comparing results of the
above-mentioned outcome scores with fracture type (3- vs 4-
part) and age of the patient at the time of injury (<65 vs
>65years). Secondary outcome measures were also compared
with fracture type, presence or absence of a complication and
presence or absence of a concomitant significant osseous injury
(long bone injury that either required immobilization or surgi-
cal stabilization) at the time of initial presentation. Outcome
measurements were performed by a trained research assistant
who was blinded to the treating surgeon and initial injury pat-
tern. Results were analyzed with variable-comparison test
methods, the ¢ test, and the Wilcoxon test, after a normality
assessment of each outcome variable was first determined to
ascertain whether results fell within normal or non-normal dis-
tributions. Constant scores of the affected and unaffected side
were normally distributed and were analyzed with the ¢ test.
Both DASH scores and the CS as a percentage of the contral-
ateral side followed a non-normal distribution and were ana-
lyzed using the Wilcoxon test. Statistical significance was set
at P < .05.

Results

Forty-five fractures were identified in 45 patients who met the
above inclusion criteria. In total, 31 three-part fractures and 14
four-part fractures were identified. Seventeen patients were
available for final clinical and radiographic follow-up and out-
come analysis. Of the 17 patients who were available for final
follow-up, 9 had sustained a 3-part fracture and 8 had sustained
a4-part fracture. Average age at the time of injury was 57 years
(range 32-76 years), and average final follow-up time was 37
months (range 12-65.5 months). Twelve patients were under
the age of 65 years, while 5 patients were greater than 65 years
old at the time of their proximal humerus fracture. In total, 5
patients sustained a total of 12 concomitant significant osseous
injuries at the time of their proximal humerus fracture. Five of
17 patients sustained a total of 9 complications. A total of 4
patients had posttraumatic osteoarthrosis of the glenohumeral
joint (2 of which had preexisting radiographic evidence of
glenohumeral arthritis), while 2 patients had radiographic
evidence of varus malreduction at final follow-up. Three of
17 patients had screw cutout of at least one locking screw into
the humeral head, and one of these 3 patients sustained signif-
icant screw cutout and chondrolysis; necessitating revision to a
hemiarthroplasty implant (Figure 2). It is of the authors’
opinion that the patient most likely had an initial varus malre-
duction of the fracture; however, osteoporotic collapse of the

Figure 2. A Initial injury films of a 76-year-old female who sustained a
4-part proximal humerus fractures. B, The |0-month postoperative x-
rays of the patient; the screw cutout and failure of hardware is evident.
C, Revision to a hemiarthroplasty implant in the patient.

fractures should not be excluded as a possible cause of this
complication.

Mean CS of the affected shoulder at final follow-up was 71
points (range 34-98). While mean CS as a percentage of the
contralateral shoulder (relative score) was 84% (range 44%-
126%). At final analysis, the difference between raw CS and
relative CS was not significantly affected by incidence of frac-
ture pattern (3- vs 4-part), or age of the patient at the time of
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Table |. Patient Demographics by Age

N Average age ASA score  Charlson index
Group | 12 51 years (32-61) 1.4 (1-2) 0.8 (0-2)
Group I 5 72 years (69-76) 2(2) 3.6 (3-5)

Abbreviation: ASA, American Society of Anesthesiologists.

injury to the proximal humerus (<65 vs >65 years; Table 1).
The raw CS for those younger than 65 was 75.67 points, and
the relative CS was 88.58 points. The raw CS for those older
than 65 was 58 points and the relative CS was 82.5 points.
Neither the raw CS nor the relative CS differed in a statistically
significant manner for those above the age of 65 compared to
those patients below the age of 65 (P values .07 and .19).
Furthermore, presence of a postoperative complication or pres-
ence of a concomitant osseous injury at the time of fracture,
possibly affecting the patient’s postoperative rehabilitation
course, did not alter score results. Of the 17 patients evaluated
at final follow-up, 11 of 17 achieved a good or excellent result
on the basis of their CS, while 6 of 17 achieved a poor or mod-
erate result (Table 1).

The mean DASH score of the affected upper extremity was
18 points (range 0-68). For individuals who were younger than
65, the mean DASH score was 11.67 points compared to a
DASH score of 12.5 points for those individuals older than
65 years of age. This difference was not deemed to be statisti-
cally significant (P value = .46). Interestingly, median DASH
scores of those patients who sustained a 3-part fracture were
15.83 points, while those who sustained a 4-part fracture was
8.75 points. This difference was determined to be statistically
significant based on Wilcoxon analysis with a P value = .03.
For all other parameters, the result of the DASH score was not
significantly affected by fracture type (presence of postopera-
tive complication or concomitant osseous injury; Table 2).

Discussion

Complex 3- and 4-part fractures of the proximal humerus have
notoriously behaved as a clinical dilemma. While Neer’s orig-
inal work suggests that operative intervention in these fracture
patterns will produce improved results, in light of the inferior
results of nonoperative treatment,'> the precise method of sur-
gical intervention remains controversial.'> Furthermore, the
appropriate type of intervention, operative (ORIF or hemiar-
throplasty) or nonoperative in the elderly, low-demand patient,
also remains contentious.” With the advent of locked plating
techniques, there is a clear trend toward ORIF with all dis-
placed fractures of the proximal humerus®”’*’; however, even
a recent meta-analysis of the literature was unable to discern
a benefit from internal fixation or arthroplasty for treatment
of these complex fracture patterns.'> The importance of this
clinical question becomes more apparent since revision arthro-
plasty for failed ORIF has historically poor results.'®!® The
current series of 17 fractures was able to demonstrate satisfac-
tory outcomes following locked plating treatment of complex

proximal humerus fractures, while accepting the null
hypothesis that no single objective finding of fracture pattern,
age, presence or postoperative complications, or concomitant
injury would greatly affect functional outcomes. Importantly,
age of the patient (<65 vs >65 years) did not have a statistically
significant impact on the results of operative intervention.
Thus, pointing to the fact that even elderly patients should be
considered suitable candidates for operative osteosynthesis
with locked plating, in the face of a complex proximal humerus
fracture.

The average relative CS was 84% of the unaffected side,
with the majority of our patients having good to excellent
results. The mean DASH score of all patients was 18 points.
These results are in line with larger prospective studies that
have reviewed functional results for ORIF of displaced proxi-
mal humeral fractures. Brunner et al reviewed 158 fractures
12 months after surgery and discovered a mean CS of 72 points
(87% of the contralateral) and mean DASH score of 16 points.”
However, their final analysis of functional shoulder scores did
not distinguish between the less complicated type A fracture
(AO/OTA classification) and the more complex type C
fracture.

Our results also compare favorably with the published
functional results following hemiarthroplasty for proximal
humerus fractures. Kontakis et al was able to “systemically”
review hemiarthroplasty for acute intervention of proximal
humerus fractures and identified a total of 808 patients among
16 different studies. Most fractures were complex, and the
mean CS was only 56.63 points at final follow-up. They con-
cluded that while hemiarthroplasty provided excellent pain
relief, functional outcomes may be variable and unpredict-
able.”® Hemiarthroplasty has been advocated for displaced 3-
and 4-part fractures because of the association with osteonecro-
sis and the higher risk of complication.?! No patients in our
series experienced radiographic findings of avascular necrosis
(AVN); thus, its incidence did not correlate with final outcome.
However, it must be noted that AVN can often occur many
years after the initial trauma and subsequent surgery. Thus,
with an average follow-up time of 3 years, the true rate of AVN
maybe under estimated. This finding is more consistent with
recent reports that AVN is difficult to predict and may have
limited correlation with pain and function.”* In our series,
patient age at the time of injury did not significantly affect
functional outcome. The DASH scores, CS, or relative CS were
not significantly different for patients greater than 65 years of
age, in comparison with patients younger than 65 years of age.
This finding is in contrast to previously reported data that has
found a correlation between patient age and outcome. Owsley
et al reported a significant increase of complication rate in their
elderly patients.®® In addition, a multicenter trial found a rela-
tive risk increase of 3.3 of implant-related complications in the
their elderly population, and the number of postoperative com-
plication was directly corollary with functional outcome.’

Our study does contain a number of limitations, most
notably its small sample size and retrospective nature. We were
able to identify 45 fractures that fit our criteria and only
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Table 2. Results Regarding Functional Outcomes of Fractures in Relation to Fracture Pattern and Age of the Patient
N Constant score P value Relative constant score P value DASH score P value

Neer classification

3 part 9 68.44 .65 86.21 A48 15.83 .03

4 part 8 72.75 90.38 8.75
Patient age

<65 years 12 75.67 .07 88.58 .19 11.67 46

>65 years 5 58 82.5 12.5

achieved a 38% final follow-up for radiographic and clinical
assessment. We were still able to perform a post hoc statistical
analysis and variable-comparisons tests to analyze our func-
tional outcomes with a number of objective variables. It is also
worth noting that due to our study’s retrospective nature, we
were unable to successfully perform any osteoporosis assess-
ment of our patients and thus does not allow us to determine
whether any of our patients had subsequent fragility fractures.
Our data should be taken in concert with the growing body of
literature concerning fixation of proximal humerus fractures
and demonstrate the need for a prospective study comparing
outcomes of complex fractures treated, in elderly patients, with
either locked plating or hemiarthroplasty. A finding that merits
further consideration is the significantly higher DASH score of
patients with 4-part fractures. The authors believe this result
occurred for 2 reasons. The first being that in our series 4-
part fractures were more likely to be in association with initial
valgus impaction, a deformity that traditionally dictates favor-
able surgical results. The second reason being that the patient
with the highest DASH score of 68.3 points (23 points higher
than the next highest score) did sustain a 3-part fracture, thus
another limitation that may have been avoided with a larger
sample size. A final limitation in our study maybe in the bias
of treatment modality, in so far as our institution’s preferred
treatment for displaced proximal humerus fractures is with
plate osteosynthesis and not hemiarthroplasty. We feel that
fracture pattern and not age should determine the treatment
modality of choice for a displaced proximal humerus fracture.
However, our preliminary results are relatively encouraging,
when comparing treatment outcomes with the age of the patient
at the time of injury.

Strengths of our study include the relatively sizeable mean
final follow-up time of 37 months. Most series describing
results after locked plating treatment of proximal humerus frac-
tures report short-term outcomes from an average of 19 weeks
to 12 months.””*** Another inherent strength is the focus on
complex fracture patterns which currently do not have a gold
standard of care. Here, we are able to report on more mid-
term results for treatment of more complex proximal humerus
fractures.

In conclusion, ORIF with locked plating can offer consistent
satisfactory clinical results for complex 3- and 4-part proximal
humerus fractures, results that are compatible regardless of
patient age. Expansion of its uses and indications for fracture
patterns once thought suitable for humeral head replacement
may be warranted. To fully elucidate appropriate treatment for

the elderly patient with a complex proximal humerus fracture
future, well-powered randomized trials need to be conducted
comparing the outcomes of nonoperative treatment, ORIF, and
proximal humeral head replacement.
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