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Abstract
Purpose  To assess longer-term (> 5 years) function and outcome in patients treated with anatomic locking plates for proxi-
mal humerus fractures.
Methods  This retrospective cohort study was conducted at an urban, academic level 1 trauma center and an orthopedic 
specialty hospital. Patients treated operatively for proximal humerus fractures with an anatomic locking plate by three 
orthopedic trauma surgeons and two shoulder surgeons from 2003 to 2015 were reviewed. Patient demographics and injury 
characteristics, disabilities of the arm, shoulder, and hand (DASH) scores, complications, secondary surgeries, and shoulder 
range of motion were compared at 1 year and at latest follow-up.
Results  Seventy-five of 173 fractures were eligible for analysis. At a minimum 5 years and a mean of 10.0 ± 3.2 years fol-
lowing surgery, DASH scores did not differ from one-year compared to long-term follow-up (16.3 ± 17.4 vs. 15.1 ± 18.2, 
p = 0.555). Shoulder motion including: active forward flexion (145.5 vs. 151.5 degrees, p = 0.186), internal rotation (T10 vs. 
T9, p = 0.204), and external rotation measurements (48.4 vs. 57.9, p = 0.074) also did not differ from one year compared to 
long-term follow-up. By one year, all fractures had healed. After 1-year post-operatively, four patients underwent reopera-
tion, but none for AVN or screw penetration.
Conclusions  Patient-reported functional outcome scores and shoulder range of motion are stable after one year following 
proximal humerus fracture fixation, and outcomes do not deteriorate thereafter. After one-year, long-term follow-up of fixed 
proximal humerus fractures may be unnecessary for those without symptoms.

Keywords  Proximal humerus · Locking plate · Longitudinal outcomes

Introduction

Proximal humerus fractures comprise 5% of all diagnosed 
fractures and present in a bimodal distribution. Commonly 
associated with osteoporosis, they are the third most fre-
quent fracture in the elderly [1, 2], and their incidence is 
expected to increase as the elderly population grows, with 

one estimate predicting a 50% increase from 2008 to 2030 
[3]. Younger patients also sustain proximal humerus frac-
tures as a result of high-energy trauma, and these injuries 
constitute the seventh most frequent fractures in adults 
overall [4]. Proximal humerus fractures can have significant 
impact on patients’ function and quality of life—they have 
been demonstrated to be associated with severe difficulties 
with personal hygiene, cause chronic pain, difficulty sleep-
ing, and be a source of symptoms of depression and anxiety 
[2, 5].

Most proximal humerus fractures can be treated non-
operatively, but some, especially significantly displaced 
fractures, require surgery. It has been reported that up to 25% 
of all proximal humerus fractures are treated surgically [6]. 
Surgical treatment options include: repair with plate fixation, 
intramedullary nail fixation, or percutaneous pinning, and 
arthroplasty in the form of hemi-arthroplasty or reverse total 
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shoulder replacement. Currently, plate fixation is considered 
the gold standard for surgical management of significantly 
displaced fractures in the young and active elderly [7, 8].

There are, however, complications associated with plate 
and screw fixation repair, including: nonunion, implant 
failure/migration (i.e., screw penetration), osteonecrosis, 
infection, posttraumatic osteoarthritis, and post-operative 
shoulder stiffness. Reoperation may be required to remove 
implants due to failure, impingement/stiffness, pain and dis-
comfort, or infection. Complication rates of 38–44% have 
been reported in the elderly in some studies, with reopera-
tion rates of 11–12% [9, 10]. Patients typically follow-up in 
the outpatient setting for one year after surgery to monitor 
for healing complications; however, some have suggested 
that further follow-up is warranted [10, 11].

The recent advent of the reverse total shoulder replace-
ment (rTSA) for the treatment of select proximal humerus 
fractures has given rise to an increase treatment with that 
implant. Knowledge of how repaired proximal humerus 
fractures fare over time may provide evidence one way or 
another as to the viability of one treatment strategy over 
another. Given the increasing burden that proximal humerus 
fractures are expected to impose on the healthcare system 
and their impact on patients’ function and quality of life, it 
is important to determine whether current practices consti-
tute optimal management. The purpose of this study was 
to assess for longer-term outcomes following proximal 
humerus fracture repair by comparing outcomes at one- 
and minimum 5-year follow-up following locking plate and 
screw fixation of proximal humerus fractures. The authors 
of this study hypothesized that outcomes following proximal 
humerus fracture repair at 5-year post-op would be similar 
to outcomes at 1-year follow-up.

Methods

Between 2003 and 2020, 262 patients who were treated by 
three trauma and two shoulder fellowship trained orthopedic 
surgeons for a displaced proximal humerus fractures with 
locking plates were enrolled into an IRB-approved database 
at time of initial treatment. These patients were all man-
aged in a similar manner, with all treating surgeons using a 
similar protocol in their clinical decision making. Fracture 
repair was generally indicated based on the degree of frac-
ture displacement in concert with a determination of patient 
functional level and expectations. While no absolutes existed 
surgery was performed in cases that were determined to be 
significantly displaced, unstable, or had patterns associated 
with a higher risk of osteonecrosis, all fractures were clas-
sified according to the Neer system. All surgery was per-
formed open via a deltopectoral approach with direct reduc-
tion and application of an anterolateral proximal humerus 

locking plate (Synthes, Paoli, Pa, Exactech, Gainsville, Fla 
and Stryker, Mahwah, NJ).

Inclusion criteria for this study was any patient in this 
prospective database who were at least 18 years of age at 
time of injury and were at a minimum five years out from 
index surgical treatment. Patients were excluded from analy-
sis if fewer than five years elapsed since initial operation or 
if they were deceased prior to five-year follow-up or at time 
of contact.

Data collected at time of enrollment included patient 
demographics, such as age, sex, race, BMI, age unadjusted 
Charlson comorbidity index (CCI), tobacco usage, alcohol 
consumption, illicit drug use, and worker’s compensation 
status. Injury and surgical information were also collected 
including accident type, Neer and OTA classifications, 
anesthesia type, plate manufacturer, number of screws, and 
intra-operative complications. Accident type was character-
ized as a high-energy or low-energy mechanism of injury. 
Low-energy mechanism are defined as mechanical falls or 
falls equal or less than the equivalent of two steps. High-
energy mechanisms are defined as falls greater than two 
steps, pedestrians struck, or motor vehicle collisions.

Patient follow-up information and functional score data 
were collected at 3 months, 6 months, 12 months, and 
annually thereafter as needed. Outcome measures collected 
included the disabilities of arm, shoulder, and hand (DASH) 
scores, shoulder range of motion of the affected side, frac-
ture healing, and any complications such as screw penetra-
tion, infection, malunion and nonunion, avascular necrosis 
(AVN) of the humeral head, and any additional orthopedic 
reoperation such as removal of implant or conversion to total 
shoulder.

When possible, the operating physician evaluated patients 
in person or via video telehealth, but in instances where this 
was not feasible, trained research personnel collected DASH 
scores via phone interview and obtained information related 
to any surgical intervention after last in person follow-up. 
Outcomes were compared between data collected at one 
year and at latest follow-up using paired t-tests. Chi-squared 
analysis and analysis of variance (ANOVA) were used for 
comparison of the 75 long-term follow-up patients and the 
98 lost to follow-up patients. All analysis was conducted 
using IBM SPSS version 25.0 software.

Results

A total of 173 patients who underwent operative repair of 
a proximal humerus fracture with locking plate and screws 
who were a minimum of 5 years from index surgery and 
had been seen at one-year follow0up were eligible for anal-
ysis; however, ninety-eight patients (57%) did not have 
adequate follow-up data beyond 1-year post-operatively. 
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Therefore, seventy-five patients (43%) with a mean 
10.0 ± 3.2 years follow-up (range 5.0–16.8 years) met cri-
teria for long-term data analysis. Radiographic data were 
available for all 75 patients to investigate new onset AVN, 
screw penetration, and radiographic evidence of reopera-
tion after 5 years from index surgery. The demographic 
profile between the long-term and lost to follow-up cohorts 
was similar except that the longer-term follow-up group 
had a greater BMI. This comparison is detailed in Table 1.

Forty-five patients had surgery under regional anes-
thesia (60%) and the Neer classification of the long-term 
follow-up cohort, as classified by the operating surgeon, 
was: 2-part (22.7%), 3-part (61.3%), and 4-part (16.0%) 
(Table 2). Patient reported functional outcome scores 
between the one-year and long-term follow-up did not dif-
fer (DASH: 16.3 ± 17.4 vs. 15.1 ± 18.2, p = 0.555). Long-
term shoulder range-of-motion data were only available for 
31 patients (41.3%), who were seen in person (22 patients) 
or via video telehealth (9 patients). There was no differ-
ence in mean active shoulder forward flexion at 1 year 
compared to long-term follow-up (145.5 ± 32.4 degrees 
vs. 151.5 ± 39.1 degrees, p = 0.186). There was a trend 
toward improvement in mean active shoulder external rota-
tion at long-term follow-up (57.9 ± 23.5) compared to 1 
year (48.4 ± 16.6 degrees, p = 0.074). There was no fur-
ther improvement in internal rotation between one-year 
and long-term follow-up (T10 vs. T9 vertebrae, p = 0.204) 
(Table 3).

Of the 173 patients, 18 patients (10.4%) experienced 
26 complications within 1 year of initial fracture fixation. 
Of these, nine patients underwent 13 reoperations (5.2%). 
Complications included: eleven screw penetrations (6.4%), 
seven AVN (4.0%), three infections (1.7%), three malunions 
of the greater tuberosity (1.7%), and two fracture nonun-
ions (1.2%). No patients experienced further complications 
related to the index surgery after 1 year. No patients reported 

Table 1   Patient demographic 
characteristics

*Standard Deviation
^Charlson Comorbidity Index
#  Body Mass Index

Long-term follow-up 
cohort (N = 75)

Loss to follow-up 
cohort (N = 98)

Total (N = 173) P value

Age (Mean, SD*) 58.9 ± 15.2 58.0 ± 12.6 58.5 + 14.1 0.685
Female Sex (N, %) 48 (64%) 64 (65%) 112 (65%) 0.874
Minority Status (N, %) 14 (20%) 25 (28%) 39 (24%) 0.270
CCI^ (Mean, SD) 0.4 + 0.7 0.6 + 0.9 0.5 + 0.8 0.281
BMI# (Mean, SD) 26.6 + 6.0 29.2 + 7.3 28.1 + 6.0 0.022
Tobacco Use (N, %) 11 (15%) 13 (14%) 24 (14%) 0.933
Alcohol Use (N, %) 14 (19%) 18 (19%) 32 (19%) 1.000
Illicit Substance Use (N,%) 1 (1%) 2 (2%) 3 (2%) 1.000
Worker’s Compensation 1 (1%) 2 (2%) 3 (2%) 1.000

Table 2   Injury and operative information for the long-term follow-up 
patients

Characteristic Number Percent

Total 75 100
Neer Classification
2 17 23
3 46 61
4 12 16
OTA Classification
11A 16 21
11B 32 43
11C 27 36
Regional Anesthesia
Yes 45 60
No 30 40
Intra-operative Complications
Yes 0 0
No 75 100

Range Mean
Number of screws in the humeral head (N = 75) 3–8 6
Number of screws in the humeral shaft (N = 75) 1–7 3

Table 3   Clinical and patient-reported outcome measures across 1 
year post-operatively to latest follow-up

*Disabilities of the arm, shoulder, and hand

1-Year follow-up Long-term follow-
up

P value

DASH* Score 16.2 ± 17.4 15.1 ± 18.2 0.555
Active Forward 

Flexion
145.5 ± 32.4 151.5 ± 39.1 0.186

External Rotation 48.4 ± 16.6 57.9 ± 23.5 0.074
Internal Rotation T10 T9 0.204
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developing AVN or infection that required any intervention 
following healing.

There were four patients (5.3%) underwent further shoul-
der surgery after 1 year, 2 of which were not related to the 
index injury. One patient underwent removal of implant and 
soft-tissue mass excision at 5 years following development 
of an unrelated benign neoplasm. One patient underwent 
removal of implant 2 years after initial fixation as part of 
a procedure that included a capsular release to improve 
motion. The same patient had an unrelated fall down stairs 
that resulted in a shoulder dislocation with a Bankart lesion 
and labral tear. She then required a Latarjet procedure 
6 years after initial fracture fixation to correct recurrent 
shoulder instability that resulted from that event. A third 
patient underwent implant removal and rotator cuff repair 
6 years post-operatively resulting from a second fall and 
dislocation. The fourth patient underwent implant removal 
3 years post-operatively for painful hardware without further 
complication.

Discussion

Our study found that once healed, patients treated for a prox-
imal humerus fracture with a locked plate construct have 
very good outcomes at one year with regard to function and 
these results do not decay with time. At a mean 10.0 years 
post-operative, these patients have a similar DASH scores 
and shoulder ROM as they did one year after fracture repair. 
When compared to the 98 patients without long-term follow-
up, only BMI differed, indicating the long-term results are 
most likely generalizable to the entire cohort, as age has 
been shown to be the predominate contributing factor to dif-
fering outcomes [9, 10, 12].

The primary outcome measured in this study was patient 
reported functional outcomes as measured by DASH scores. 
The DASH is a questionnaire that comprises 30 questions 
with answer options ranging from 1 to 5. The total of these 
scores are calculated on a scale ranging from 0 to 100, with 0 
being no impairment and 100 being the most severe impair-
ment. Scores under 29 have been reported as no longer a 
major hindrance to everyday functioning, where a major-
ity of patients report that they can return to work, can dis-
continue physical therapy, and are aware of their physical 
limitations but they are not a problem [13]. Further score 
delineation has shown that DASH scores < 15 = “no prob-
lem,” 16–40 = “problem, but working,” and > 40 = “unable 
to work” [14]. According to these parameters, the 15-point 
mean long-term DASH score in our cohort demonstrates all 
patients had positive long-term outcomes [15–17].

As the patient recovers from surgery, the DASH scores 
should decrease. These score changes can vary in clini-
cal importance, with some studies showing a 10-point 

difference as a minimal important change in functioning, a 
15-point difference as having their problem improved, and 
over 20-point difference as functionally improved [18, 19]. 
In our cohort, the 1-year DASH scores only differed by an 
average of 1-point comparative to their 5-year DASH scores, 
indicating no important change in functioning over the years. 
Thus, they were at their optimal functioning at one year and 
plateaued, without further functional decline over the years.

Overall, our long-term DASH scores are in concordance 
with pre-existing literature assessing long-term patient-
reported outcomes for operatively treated proximal humerus 
fractures with compression locking plates. Hirschman et al. 
displayed an average DASH score of 15.3 ± 17.7 in a cohort 
with median 5-year post-injury follow-up [20]. Bahrs et al. 
demonstrated a mean DASH score of 12 points in their 
cohort of patients with a mean follow-up of 96 months [21]. 
Ockert et al. had a mean 10-year follow-up and demonstrated 
a higher, but still within functional limits, mean DASH score 
of 23.8 [22]. In addition to similar DASH scores, Hirschmen 
et al. also displayed similar physical examination outcomes 
and reoperation rates to our study, with a long-term average 
of 133 degrees forward flexion, and only two reoperations 
after 1 year from index surgery [20].

The low long-term complication rates in this study are 
similar to Robinson et al. who revealed a fixation failure 
and nonunion rate of 4.3% and 10-year reoperation rate of 
10% [23]. However, Erasmo et al. and Greiner et al. state 
further than 1-year follow-up may be necessary due to com-
plications that arise, particularly AVN and varus displace-
ment, as found in those studies [11, 24]. In addition, after 
1 year from initial fixation, Barlow et al. found 25 patients 
(19%) with failures; defined as screw backout/fracture, plate 
fracture, AVN, arthritis, nonunion, rotator cuff failure, and 
screw penetration [10]. Similarly, Ye et al. demonstrated a 
20% complication rate (complications included subacromial 
impingements, screw cut-outs, malunions, tuberosity resorp-
tions, AVN of the humeral head, and screw breakage) greater 
than 1-year following initial fixation [25]. Our long-term 
complication results are in contrast to these papers. While 
the 1-year complication rate was 10.4%, all of our patients 
healed by 1 year and thus would make it unlikely to see any 
healing complications following this point.

The current study had only four patients (5.3%) undergo 
further surgery after 1-year post-operatively each of which 
included removal of implants. Three of the four were related 
to other disease or injury processes and thus did not dem-
onstrate any long-term complications related to index sur-
gery for the entire cohort. Perhaps the discrepancy in the 
literature to our current study exists in the differing meas-
ures obtained for complication rates and lack of a detailed 
timeframes for when each complication took place. This 
study did not assess long-term arthritis, impingements, or 
rotator cuff failure as Ye et al. and Barlow et al.; therefore, 
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a direct comparison of complication rates cannot be made. 
After 1 year post-operatively, Hirschmen et al. reported a 
3.5% reoperation rate but did not detail other complication 
rates past 1 year [20]. Erasmo et al. displayed an AVN rate 
of 7.3% after 1 year but did not mention how many patients 
underwent reoperation after 1 year [11]. Similarly, Greiner 
et al. demonstrated an AVN rate of 10.4% after 1 year with-
out detailing reoperation rates after 1 year post-operatively 
[24]. Higher-level studies on outcomes following proximal 
humerus fracture fixation are warranted to more clearly 
ascertain the long-term efficacy and safety of this operation.

This study is not without limitations. A majority of the 
patient reported outcome scores were collected via telephone 
interview, limiting physical examination and radiographic 
data, and created a reliance on some patients reporting 
reoperation and complication information. Additionally, 
less than half of the viable patient population for the study 
were included and although the lost to follow-up cohort 
was similar to the long-term follow-up cohort with respect 
to demographics, the possibility remains that the analyzed 
cohort has the potential to inaccurately represent the opera-
tive population as a whole.

Conclusion

Patient reported functional outcome scores and shoul-
der range of motion both plateau after one year following 
proximal humerus fracture fixation, and outcomes do not 
deteriorate at a minimum 5 years and mean 10 years. After 
one-year, long-term follow-up of fixed proximal humerus 
fractures may be unnecessary for those without symptoms. 
These results allow the treating physician to confidently 
provide patients with reasonable expectations for the longer 
term regarding their results following operative repair.
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