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Background: The aim of this study was to assess the clinical outcomes after treatment of proximal humeral fractures with locking plates,
and to determine which factors influence the clinical and radiological outcomes.

Methods: Fifty six patients who were treated with locking plates for proximal humeral fractures and had been followed for more than
1 year were enrolled in this study. We performed functional evaluation using the Constant score and analyzed radiographic results. The
following factors that may potentially influence the clinical outcomes were assessed: age, gender, type of fracture, presence of medial
metaphyseal comminution, bone mineral density, anatomical reduction, restoration of medial mechanical support, and postoperative
complications.

Results: The mean Constant score was 70.1 points at the final follow-up. Female gender, 4-part fractures, AO type-C fractures, and
fractures with medial metaphyseal comminution were associated with a poor clinical outcome. On the other hand, restoration of medial
mechanical support and accurate anatomical reduction had a positive influence on clinical outcomes. Postoperative complications re-
sulted in 3 patients (intra-articular screw perforation: 1 patient, varus deformity with screw loosening: 1 patient, nonunion: 1 patient).
Conclusions: When treating proximal humeral fractures with locking plate fixation, following factors: a female gender, Neer type 4-part
fracture, AO type C fracture, and medial metaphyseal comminution are important risk factors that surgeons should take into consider-
ation. Factors that contribute to better clinical outcomes of operative treatment for humeral fractures are accurate anatomical reduction
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and restoration of medial mechanical support.
(Clin Shoulder Elb 2014;17(1):10-17)
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Introduction

Fractures of the proximal humerus comprise around 4—5%
of all fractures. In general, for the treatment of nondisplaced
fractures, conservative treatment leads to a satisfactory outcome,
but for displaced and unstable fractures, surgical intervention is
usually required to gain a functional recovery."” The increase in
the aging population and the incidence of osteoporosis in these
populations has in turn increased the prevalence of the proximal
humeral fractures. Especially, the need for operative treatment is
increasing with rising numbers of the complex fractures.”

The various methods to treat fractures of the proximal hu-

merus are percutaneous cerclage wiring, tension band wiring,
intramedullary nailing, plating, and humeral head replacement.
Of these, recent clinical data have shown favorable results for
the treatment of fractures with locking plates. As compared
to the conventional plate fixation methods, this technology is
able to maintain blood supply to the region of fracture, achieve
higher success rate of fixation at the interface between the plate
and the locking screws, can fix the plates at multiple angles, and
gain both angular and rotational stability at the point of fixation.
Thus, the method using locking plates has been extensively used
in many orthopedic clinics.*” Successful clinical outcomes using
the locking plates in treating proximal humeral fractures have
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been shown by several studies.**® The clinical outcomes were

satisfactory even in comminuted fractures or severe osteoporo-
sis.”"” Nevertheless, there were some cases of inability to main-
tain anatomical reduction leading to post-surgical complications
such as malunion of fracture."”

This study analyzed the clinical and radiological outcomes of
locking plate fixation for proximal humeral fractures. We aimed
to determine factors that influence the clinical outcomes of this
method, and find out which factors are important for successful
clinical outcomes.

Methods

Subjects of Study

From Dec 2005 to Dec 2010, 56 patients with fractures of
the proximal humerus underwent operative fixation using lock-
ing plates. Patients who were able to participate in the final
follow-up visit for more than a year were selected for the study.
The average age of the patient was 57.6 years (range; 24 to 84
years), and of these, 22 patients were more than 65 years of
age and 34 patients were below. The study comprised of 14
male and 42 female patients. The mean follow-up period was
15.3 months (range, 12 to 36 months). Grading of the fracture
pattern was accomplished radiographically using the Neer clas-
sification system. According to this classification, 27 patients had
2-part fractures, 21 patients had 3-part fractures, and 8 patients
had 4-part fractures. Grading of the fracture pattern was also
determined through the AO classification, by which 14 patients
had an A-type fracture, 28 patients a B-type, and 14 patients a
C-type. Patients that had a previous history of fractures of the

shoulder either on the affected or the unaffected side were ex-
cluded from the study. Other exclusion criterion from the study
was if hemiarthroplasty was performed. Hemiarthroplasty was
performed in patients with severe osteoporotic 3- or 4-part frac-
ture and/or dislocation, and head splitting fractures.

Surgical Methods and Postoperative Rehabilitation

Operative fixation using locking plate was used to treat pa-
tients with 2-part, 3-part, and 4-part fractures. Patients with
2-part fractures were only included for surgery with locking
plates if they showed severe displacement that made conserva-
tive treatment difficult. All surgical treatment was performed in
4.5 days on the average (range; 1 to 15 days) after the injury by
one skilled orthopedic surgeon. The locking plates used were
either LPHP® (Locking Proximal Humerus Plate; Synthes, Ober-
dorf, Switzerland) or PHILOS® (Proximal Humerus Internal lock-
ing System; Synthes, Mezzovico, Switzerland). LPHP® was used
for the first 22 patients that underwent surgery at our clinic, and
PHILOS® was used for the later 34 patients.

Patient was placed into a beach chair position under general
anesthesia. A deltopectoral approach was chosen for exposure
of all fractures. After open reduction of the fracture, the locking
plate was fixed to the humerus using locking screws. If a fracture
with medial metaphyseal comminution was present, the locking
screws were fixed to the proximal humeral calcar, and if needed
additional allogenous bone grafts were used. In a patient with
severe defect of the posteromedial cortical bone, femoral head
strut allograft was used to stabilize the anatomical reduction.
Post-operatively, a shoulder abduction brace was applied for 4
weeks. Pendulum exercise and passive forward flexion was be-

Fig. 1. Radiographic measurements in the
true AP view of the shoulder. (A) The angle
between the line bisecting the humeral shaft
and the line perpendicular to the line from
the superior border to the inferior border
of the articular surface was measured as
the humeral neck shaft angle (semicircle).
(B) Humeral head height (line with arrows)
was measured as the distance from the top of
the plate to the top of the humeral head, both
were measured perpendicular to the axis of
the plate.
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gun T week after operation. Active range of motion exercise was
begun when bony union was identified on radiographs.

Assessment of Clinical Outcomes

The clinical outcomes of the operation were assessed using
Constant score, which comprises of the following assessment
variables: pain score (15 points), functional assessment (20
points), range of motions (40 points), and muscle strength (25
points). The Constant score was graded as ‘excellent’ (86—100
points), ‘good’ (71—85 points), ‘moderate’ (56—70 points), or
‘poor’ (0—5 5points).'”

The pre-operative radiographic assessment was carried out
using plain radiographs. The post-operative plain radiographs
were taken immediately postoperative, 2-weeks, 6-weeks,
3-months, 6-months and 1-year after operation. The antero-
posterior, true anteroposterior, lateral, and axillary view of the
shoulder joint were taken. At each radiographic assessment, the
presence or absence of bony callus, disappearance of fracture
lines, and the union of the displaced bone were examined to
measure the progression of bony union. The neck-shaft angle,
another indicator of treatment outcome, was measured by
measuring the angle between the line perpendicular to the
anatomical neck and the line parallel to the humeral shaft (Fig.
1A). The neck-shaft angle was graded radiographically accord-
ing to Paavolainen et al.’s method as “good” (121°—140°), “fair”
(100°—120°), or “poor” (less than 100°)."” Further, the accuracy
of anatomical reduction was assessed by confirming whether
the medial side of the fracture achieved anatomical reduction.
The degree of post-operative loss of reduction was measured by
comparing the humeral neck-shaft angles and the humeral head
height at immediate postoperative and at final follow-up on
anteroposterior radiographs (Fig. 1B). The humeral head height,
measured following Gardner et al.’s method," is the distance
from the top of the plate to the top of the humeral head, which
are both measured perpendicular to the axis of the plate. All
radiographic assessments were made twice on separate occa-
sions by two orthopedic surgeons, who did not have access to
individual radiograph details of patients. The intra-observer and
the inter-observer reliability were determined using the Intraclass
Correlation Coefficients (ICCs) that were established by Shrout
and Fleiss."”” ICC has a value ranging from 0, which means there
is no agreement between the observers, to 1, which means we
see perfect agreement between the observers. An ICC value of
0.00—0.39 was considered as ‘poor’, 0.40—0.74 as ‘moderate’,
and 0.75—1.00 as ‘excellent’.

We assessed the factors related to the patient and fracture
status that may potentially influence the treatment outcomes
of proximal humeral fractures using locking plates. These fac-
tors were patient’s age, sex, presence of comorbidities such as
osteoporosis, fracture type, and presence or absence of medial
metaphyseal comminution. Other factors, which related to the
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surgical method we assessed were accuracy of the anatomi-
cal reduction and restoration of medial mechanical support of
the proximal humeral fracture. Presence of osteoporosis was
determined pre-operatively by calculating the bone density of
the lumbar spine and hip joints using Dual Energy X-ray Ab-
sorptiometry (DEXA). Using DEXA, osteoporosis was diagnosed
if a patient had a T-score of less than -2.5. The fracture type
was categorized using Neer classification and AO classification
systems. The anatomical reduction was deemed accurate if the
difference in neck-shaft angle between that of the affected side
and the opposite side was below 5° after surgery, and inaccurate
if the angle was above 5° after surgery (standard deviation=1).
The medial mechanical support of the proximal humeral frac-
ture was deemed restored if there was cortical contact of the
proximal humerus or if the proximal fragment or the femoral
bone allograft was impacted, in the case where the inferomedial
part of the proximal humeral fracture was fixed using locking
screws.'*'® Postoperative complications such as screw loosen-
ing, nonunion, and avascular necrosis of the humeral head were
assessed by plain radiographs.

All statistical analysis was performed using a statistics program
to evaluate the relationship between the factors concerning
clinical and radiographic findings, such as age, sex, bone density,
fracture type, presence of medial comminution of the humerus,
and medial mechanical support of the fracture. Test of normality
was performed to confirm a normal distribution of results. Then,
results were analyzed with an independent T-test and one-way
analysis of variance. Scheffe’s test was used as the post-hoc com-
parison test. Statistical significance was set at p<0.05.

Results

We found that bony union of fracture takes on an average
13.6 weeks. At final follow-up, the average Constant score was
70.1 (range; 40—100). Nine patients had a score of ‘excel-
lent’ (16%), 28 patients ‘good’ (50%), 13 patients ‘moderate’
(23%), and 6 patients ‘poor’ (11%), giving an overall 66% of
patients who had a score of greater than ‘good’. At final follow-
up, the average humeral neck-shaft angle was 130.4° (range,
111°=139°). When the neck-shaft angles were classified based
on the method by Paavolainen et al.,"’ 54 patients had a score
of ‘excellent’, 2 patients ‘good’, and none ‘poor’.

The postoperative humeral neck-shaft angle was on aver-
age 6.2° (range, 1°—19°) different relative to the unaffected
contralateral shoulder. Further, the humeral neck-shaft angle at
final follow-up was on average 5.7° (range, 1°—21°) lower than
that at immediate post-operation. The change in humeral head
height at immediate postoperative and at final follow-up was on
average 1.6 mm (range, 0.1—7.2 mm).

The change in Constant score, the humeral neck-shaft angle,
and the humeral head height at immediate postoperative and at
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Table 1. Comparison of Constant Scores and Radiographic Measurements according to Factors Relating to the Patient

Constant score at last follow-up,

Changes in neck-shaft angle*, Changes in humeral head height*,

points (range) degrees (range) mm (range)
Age, years <65 (n=34) 72.4 (48-100) 45 (1-15) 1.3 (0-4.8)
>65 (n=22) 66.4 (40-87) 7.5 (1-21) 2.1(0.1-7.2)
p-value 0.100" 0.010" 0.092"
Gender Male (n=14) 77.4 (48-100) 3.4 (1-9) 1.0 (0.1-3.8)
Female (n=42) 67.6 (40-90) 6.4 (1-21) 1.8 (0-7.2)
p-value 0.017' 0.003" 0.045'
Neer classification 2 part (n=27) 75.3 (41-100) 4.7 (1-11) 1.1 (0-3.8)
3 part (n=21) 67.5 (40-90) 5.9 (1-21) 1.8 (0.1-7.2)
4 part (n=8) 59.3 (48-74) 8.4 (3-15) 2.4 (0.4-3.7)
p-value 0.011° 0.093" 0.092*
AQ classification A (n=14) 76.9 (41-100) 4.1(1-11) 1.1 (0-3.5)
B (n=28) 70.0 (52-90) 5.9 (1-21) 1.5 (0.1-4.9)
C (n=14) 63.4 (40-88) 6.9 (1-14) 2.3(0.1-16)
p-value 0.026' 0.197° 0.126'
Medial metaphyseal comminution Yes (n=28) 64.6 (40-87) 6.8 (1-21) 2.1(0.1-7.2)
No (n=28) 75.5 (41-100) 4.6 (1-11) 1.0 (0-3.7)
p-value 0.002 0.050" 0.006'
Bone mineral density, T-score >-2.5 (n=15) 70.4 (41-90) 5.7 (1-21) 1.8 (0.2-4.9)
<-2.5 (n=23) 67.7 (40-88) 5.7 (1-14)) 1.7 (0.1-7.2)
p-value 0.545' 0.997" 0.802"

*The changes in humeral neck shaft angles or humeral head heights between immediate postoperative and last follow-up radiographs. 'Tndependent t-test.

*ANOVA test. *Significance determined by analysis of variance with Scheffe’s post hoc method.

final follow-up in relation to the patient’s age, sex, presence of
medial metaphyseal comminution, and bone density has been
summarized in Table 1. The humeral neck-shaft angle was de-
creased in patients above the age of 65 more significantly than
those under the age of 65 (p=0.010). Conversely, the Constant
score was tended to be lower in patients under the age of 65
than those above, but this difference was not statistically signifi-
cant (p=0.100). Further, women showed a significantly lower
Constant score, a higher change in humeral neck-shaft angle and
humeral head height compared to men (p<0.050). In terms of
the fracture classification, those with a Neer 4-part fracture had
a significantly lower Constant score compared to those with a
Neer 2-part fracture (p=0.011). Although a greater decrease in
the humeral neck-shaft angle and humeral head height was seen
in patients with a 4-part fracture than in patients with a 2-part
fracture, there was no significant difference (p>0.050). If the
Constant scores of patients with 4-part fractures were excluded,
the average Constant score increased to 73.1 points, which in-
creased the percentage of total patients with a score of or above
‘good’ to 77%. Likewise, the AO classification showed that pa-

tients with C-type fractures had a significantly lower Constant
score compared to patients with A-type fractures (p=0.026).
Again, although the humeral neck-shaft angle and humeral head
height decreased more in patients with a C-type fracture than
in patients with a A-type fracture, there was no significant differ-
ence (p>0.050). Furthermore, if a comminuted fracture on the
medial humerus was present, the Constant score was lower than
if it was not (p=0.02), and the change in humeral neck-shaft an-
gle (p=0.050) and humeral head height (p=0.006) was greater.
The Constant score, neck-shaft angle, and humeral head height
in terms of bone density did not show any significant difference.

The inter-observer and intra-observer reliability were assessed
by comparing the results of ICCs of measurements taken on two
separate occasions by two observers. The inter-observer varia-
tion was 0.80—0.92, whereas the intra-observer variation was
0.88—0.96, thus giving almost the same results.

Radiographs taken immediately postoperative was used to
measure the difference between the humeral neck-shaft angle
of the affected and the unaffected shoulder. Compared to when
the difference was greater than 5°, there were better clinical
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Table 2. Comparison of Constant Scores and Radiographic Measurements according to Factors Relating to the Surgery

Constant score, points

Initial neck-shaft angle*,  Changes in humeral head

Medial mechanical support of the proximal humerus Yes (n=43)
No (n=13)
p-value

Difference between ipsilateral and contralateral <5 (n=35)

neck-shaft angles, degrees
>5 (n=21)
p-value

(range) degrees (range) height*, mm (range)
74.5 (40-100) 4.6(1-14) 1.0 (0-4.3)
55.4 (46-71) 9.4 (2-21) 3.3(0.5-7.2)

<0.001" <0.001" <0.001"
78.6 (66—100) 32(1-7) 0.6 (0-1.6)
55.9 (40-68) 9.8 (2-21) 3.2(0.3-7.2)

<0.001" <0.001" <0.001"

*The changes in humeral neck-shaft angles or humeral head heights between immediate postoperative and last follow-up radiographs. 'Independent t-test.

outcomes in terms of the Constant score, decrease in humeral
neck-shaft angle and the humeral head height at both postop-
erative and at final follow-up than when the difference was less
than 5° (p<0.01). Similarly, in terms of the restoration of medial
mechanical support within the humeral fracture, all three clini-
cal outcomes were better when there was mechanical sup-
port than when there was not (p<0.001) (Table 2). When we
compared only the 28 patients with fractures containing medial
metaphyseal comminution, the 16 patients who had achieved
mechanical support of the medial humeral fracture through
locking screw fixation and further went on to receive allogenic
bone grafting gained a better score in all 3 categories than those
who did not achieve mechanical support; Constant score (72.1
vs 54.6, p<0.001), change in humeral neck-shaft angle (4.9 vs
9.3, p=0.015), and change in humeral head height (1.2 vs 3.4,
p=0.001).

Postoperative complications included one case of intra-artic-
ular screw perforation, one case of varus deformity of less than
120° (111°) with screw loosening, and one case of nonunion.
The nonunion of the fracture occurred in an 81-year old patient
who was classified with a Neer 2-part fracture. Since the patient
was old and the fracture was stabilized, no further surgery was
implemented. Other complications such as axillary nerve paraly-
sis, deep infection, and avascular necrosis of the humeral head
did not occur.

Discussion

In our study, the treatment of proximal humeral fractures us-
ing locking plates showed encouraging results as in other clinical
papers”; a high percentage of bone union, a high Paavolainen
radiographic score, Constant score of an average 70 points, and
a low chance of complications.”” However, treatment using
locking plates has been shown to be associated with postopera-
tive complications such as avascular necrosis, intra-articular pen-
etration of the locking screws."""”"" Our study also described a
subset of patients with postoperative complications such as intra-
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articular perforation of locking screws and non-union. Despite
surgical treatment, we also found that 6 patients (11%) still had a
‘poor” Constant score.

Factors related to the patient that may influence the treatment
outcomes of proximal humeral fractures include age, sex, frac-
ture type, presence of medial metaphyseal communition in the
fracture, and bone density. Likewise, factors related to surgery
that may influence the outcome include accuracy of anatomic
reduction and restoration of medial mechanical support.'"*'**”
Krappinger et al.”” analyzed these factors and found that the
following factors are important for a successful stabilization of
the fracture in the order of anatomic reduction, medial cortical
support, proximal humeral bone density, and patient age. The
current study also analyzed these factors to determine whether
these affect the clinical outcomes. We found that the clinical
outcome of treatment was influenced by all factors, excluding
bone density.

The restoration of medial mechanical support of the fractures
is an important factor that is emphasized for a successful clinical
outcome in proximal humeral fractures."**** 1
showed that when there is an unstable medial mechanical sup-
port by comminuted fractures at the proximal humerus, the po-
sitioning of the locking screws on the lower side of the humeral
head along the humeral calcar is critical. In this study, we also
highlighted that patients who showed contact of the medial hu-
merus with the cortical bone or mechanical support of the medi-

' Gardner et a

al humerus by the locking screws located on the humeral calcar
had a greater Constant score, less change in humeral neck-shaft
angle, and less change in humeral head height. Especially, for
the 28 patients who had medial metaphyseal comminution, an
enhanced clinical outcome was seen when treatment was done
by fixing locking screws at the humeral calcar for mechanical
support. If the locking plates and screws cannot be fixed due to
deficit of the posteromedial cortical bone, then a structural bone
grafting is required, and for this, the authors used an intramedul-
lary femoral head strut graft augmentation.

The humeral neck-shaft angle is assessed by taking difference
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between the neck-shaft angle measured in the patient after sur-
gery and either the average neck-shaft angle or the neck-shaft
angle of the unaffected contralateral arm. In general, the normal
neck-shaft angle is considered as 130° and a neck-shaft angle of
below 120° is thought to be a significant change. Previous stud-
ies have found that an accurate anatomical reduction of the hu-
meral fracture is important for a successful clinical outcome us-
ing indices such as the position of the greater tubercle, humeral
head, humeral shaft, or a post-operative varus angulation of the
neck-shaft angle less than 120° to conclude anatomical reduc-
tion.""*” In this study, since the angle prior to the fracture can-
not be known, we concluded anatomic reduction of the neck-
shaft angle post-surgery using the angle determined from the
contralateral side. The standard radiographic assessment using
the method by Paavolainen et al." was used to measure the ab-
solute angle value. As in other studies we found that an accurate
anatomical reduction of the humeral fracture is an important
factor for a good clinical outcome.

In this study, the decrease in humeral neck-shaft angle in pa-
tients over the age of 65 was significantly greater than in patients
under the age of 65 (p=0.010). Although the Constant score
also tended to be lower in the former group than the later, there
was no significant difference (p=0.100). However, after further
scrutiny of the results, we found that 68% of patients over the
age of 65 (15 out of 22 cases) had medial metaphyseal com-
minution, but only 38% of patients over the age of 65 had it (13
out of 34 cases). Conversely, the finding was the opposite when
only looking at patients with 4-part fractures. Only 5% (1 case)
of patients over the age of 65 with a 4-part fracture had medial
metaphyseal comminution, whereas 21% of patients under the
age of 65 with a 4-part fracture had it. This 68% value is there-
fore likely to be an underestimate because, all patients over the
age of 70 with Neer 4-part fractures underwent artificial joint
replacement, and thus were excluded from the study. Therefore,
since specific age-groups were excluded from this study, the
study is limited in that the results cannot indicate how age influ-
ences the surgical outcomes in patients with the same fracture
type.

Our data were able to confirm reports of previous studies that
found that a low Constant score and a low neck-shaft angle in
females, which in turn is related to the incidence of osteoporosis
in females, influences the treatment outcome. In conjunction,
we found that a significantly lower bone density was detected in
females compared to males. However, there was no influence of
fracture type and the presence of medial metaphyseal commi-
nution in males and females on the treatment outcome between
these two groups.

Osteoporosis is closely related to incidence of proximal hu-
meral fractures and whether the fractures can be stably fixed
after treatment.”” However, the current study did not find a sig-
nificant correlation between osteoporotic bone and the clinical

outcomes after a proximal humeral fracture treatment. But limi-
tations to this study such as having a small study population and
implementation of osteroporosis test on regions other than the
humerus such as the spine and hip bone, which may have not
truly reflected the degree of osteoporosis in the humerus. Such
limitations may have underestimated the effects of osteoporosis.
Further, the difference between the bone density of the spine
and/or the hip and the bone density of the proximal humerus
may be accounted by the patient’s body mass index and muscle
strength. Thus, the discrepancy that may be seen between the
presence of osteoporosis and the bone densities in the proximal
humerus, spine, and hip may be the result of this.” An alterna-
tive method to reveal the influence of osteoporosis on treatment
outcomes may have been to use computed tomographic scans
to determine cortical thickness as an indicator of osteoporosis in
the proximal humerus.

The postoperative complications we observed in patients af-
ter treatment of proximal humeral fractures were the perforation
of intra-articular locking screws, varus deformity and loosening of
the locking screws, and non-union of the bone. All patients were
elderly, being of age 86, 81, and 66 years old, respectively. They
also had medial metaphyseal comminution and a humeral cal-
car that was not fixed with locking screws. Further, their fractures
were of complex nature, one being a Neer 4-part and two Neer
3-part fractures. Post-surgical outcome was not satisfactory either
as these patients had a neck-shaft angle of below 120° indicating
a non-anatomic reduction of the proximal humerus. If in these
patients, operative fixation by locking screws at the humeral
calcar was performed, anatomical reduction may have been
achieved. In general, avascular necrosis is a relatively commonly
occurred complication in treating proximal humeral fractures,
however in our study none was seen with this complication."”*”
This could be because the elapsed time was short and a pref-
erential treatment of humeral head replacement over locking
plates in the patients aged over 70 who had a 4-part fracture.

Overall, the current study has the following limitations. The
size of the study population was not sufficient and the period
for the follow-up was short. Also, the Constant score that was
assigned as a marker for the functional outcome does not reflect
the influence of age on the change in the range of motion or in
muscle strength. Further, even though a difference may exist be-
tween the two methods, mechanical support by locking screws
and allogenic bone grafting were considered as the same, and
so, the difference in the clinical outcome resulting from these
two types of methods was not investigated. In addition, the bone
density analysis we performed reflects osteoporosis in general
and not specifically on bone densities of proximal humeral frac-
tures. As the tests for osteoporosis was taken at the spine, hip,
and wrists, not at the proximal humerus, thus approach to assess
osteoporosis may have reliably reveal the effect of osteoporosis
as one factor influencing the clinical outcomes of proximal hu-
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meral fracture treatment. Lastly, a multivariate analysis of factors
was not carried out.

The clinical outcomes of operative fixation of proximal hu-
meral fractures using locking plates were generally successful.
However, in our study, this was not the case for patients with
4-part fractures (Neer classification), C-type fractures (AO clas-
sification), medial comminuted fractures, or for female patients.
In these patients a less favorable clinical outcome was seen. To
achieve better clinical outcomes in such patients, an accurate
reduction of the fracture and the medial mechanical support is
needed. Further, if mechanical support can be achieved at the
region of fracture by fixing the locking screws at the humeral
metaphyseal calcar may give good clinical results even in the
presence of medial metaphyseal comminution.
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