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Effects of medial support screws on locking plating of proximal 
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Background: This study aimed to explore the effects of medial support screws (MSS) on the locking 
proximal humeral plate in elderly patients who suffered from proximal humeral fractures. 
Methods: From December 2016 to December 2018, eighty-five elderly patients who suffered from proximal 
humeral fracture and received standard plate or locking plate with or without MSS were selected. The patients 
were allocated into 3 groups: Standard plate group (n=23), Locking plate without MSS group (n=34) and 
Locking plate with MSS group (n=28). Clinical data from all these 3 groups were collected and analyzed. 
Results: These eighty-five elder patients (ranging 60–78 years) accomplished a follow-up with an average 
of 16.3 months. The outcome data showed that significant difference was found on the Constant score, 
humeral internal rotation angle and humeral height ratio (all the P<0.05) among 3 groups, and a highest 
Constant score and a lowest humeral internal rotation angle and humeral height ratio loss was revealed in 
Locking platelet with MSS group. Furthermore, the lowest incidence of post-operation complication events 
(7.1%, P=0.051) and an evident reduction of secondary surgery incidence (P=0.021) was also presented in 
Locking plate with MSS among these 3 groups. 
Conclusions: The medial support screws in the locking proximal humeral plate in treating proximal 
humeral fractures could reduce humerus restoration loss and humeral internal rotation angle. 
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Introduction

Proximal humeral fractures are reported to be the third 
most universal fracture among elderly patients because of 
trivial trauma where bones are osteoporotic (1,2). Since the 
fracture location proximal to shoulder joint, an effective 
and timely treatment is essential for good prognosis and life 
quality. 

Surgical intervention is often used for unstable fractures, 
such as displaced 2-part fractures and 3-part and 4-part 
fractures based on Neer classification, which exhibited 

a superior prognosis compared to those non-operative 
methods (3-5). The recent advancement of locking plate 
technology with the fixed-angle support has been used 
effectively for proximal humeral fractures so that it has 
better effects than other fixation methods (6,7). Locking 
plating is followed by multiple adverse complications, which 
usually occur in fractures (8-10). Loss of reduction and screw 
cut-out are the main reasons for revision surgery (11). Thus, 
mechanical support of the medio-inferior region of the 
humeral head is essential for the maintenance of fracture 
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Figure 1 Radiological outcome of locking plate with medial screw support (MSS) in elder patients with proximal humeral fracture. (A,B) 
Three-dimensional reconstruction by computed tomography; (C) preoperative X-ray image indicated crush fractures on the proximal 
humerus; (D) postoperative X-ray image of the proximal humeral fracture patients who received locking plate and MSS. 

decrease (8,12). However, the therapeutic effects of locking 
plate with MSS in fracture fixation of older patients remain 
elucidated.

This study enrolled 85 elderly patients who suffered from 
proximal humeral fracture and received a standard plate or 
locking plate alone or with MSS to assess the impacts of 
MSS in the locking proximal humeral plate.  

Methods

Patients

We reviewed all the proximal humeral fracture cases in our 
institution between December 2016 and December 2018. 
The radiographic and clinical data from all the patients were 
collected and analyzed. Inclusion criteria were as follows: (I) 
elderly patients with proximal humeral fracture accompanied 
with a crush fracture of bone cortex at medial epiphyseal end 
of humerus shaft were treated with a standard plate or locking 
plate with or without MSS; (II) three- or four-part fractures or 
displaced and unstable two-part fractures; (III) age ≥60 years; 
(IV) follow-up time ≥6 months with complete radiological 
imaging data at pre- and post-operation. Exclusion criteria: 
(I) old, pathological, and open fracture; (II) combined with 
nerve and vascular injury; (III) chronic arthritis. The ethics 
committee approved this study of our hospital. 

Operative techniques

All the surgeries were performed by the same group of an 

orthopedic surgeon using brachial plexus block anesthesia or 
general anesthesia. The patients received image intensifier 
to obtain intraoperative anteroposterior and axillary views. 
A deltopectoral approach conducted the open reduction 
and internal fixation of the fracture with minimal soft tissue 
dissection. A K-wire under fluoroscopy was employed for 
reduction. A locking plate was inserted. The distal fragment 
was fixed by inserting a cortical screw. The proximal 
segment was stabilized by implanting one or two locking 
screws. Fluoroscopy was used to check the correct position. 
Four or 5 locking screws fixed the proximal fragment, 
and then the medio-inferior region of the humeral head 
with locking plate and MSS was obliquely plunged by 1 or  
2 locking screws (Figure 1). All proximal screws were 
plunged into the subchondral bone of 5 mm below. 
Ethibond sutures (Johnson & Johnson, Somerville, United 
States) and the plate was employed to fix the tubercular 
fragments and rotator cuff tendon. Autograft bone was 
utilized for the comminuted fractures with a mass deficiency 
and medial support structure reconstruction. Fluoroscopy 
was used to measure fracture reduction and screw length. 
In standard plate group, after extensive exposure of fracture 
fragments, lag screws and T-type or clover plate were 
placed to fix, followed by screw length assessment with 
fluoroscopy, suture closure, and drainage tube placement.

Post-operation treatment

On the 2nd–3rd postoperative day, all the patients were 
required to start with a physiotherapeutic exercise, including 
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external traction of shoulder joints and arm raising, first 
passively, followed by movement exercises of the injured 
arm to a horizontal position at 2 weeks post-operation, 
and shoulder adduction and internal rotation movement 
exercises at 3 weeks post-operation. The active movement 
was then performed after the identification of bridged callus 
by radiological imaging at 6–8 weeks post-operation. 

Follow-up

All patients were required for follow-up at 4, 8, and  
12 weeks, and 6, 12, and 18 months at post-operation. The 
follow-up items comprise shoulder function assessment 
by Constant shoulder score, radiological X-ray imaging, 
humeral height loss evaluation, internal humeral rotation, 
the incidence of secondary surgery, and post-operation 
complications. 

For the shoulder function, Constant shoulder score (13), 
which consisted of 4 subscales: pain (15 points), activities 
of daily living (20 points), strength (25 points) and range of 
motion: forward elevation, external rotation, abduction and 
internal rotation of the shoulder (40 points). The Constant 
score has a positive correlation with the quality of the 
function. 

The measurement of humeral internal rotation angle was 
based on X-ray images, and the results were designated as 
Δα. As shown in Figure 2, Neck-shaft angle (NSA) of the 
humerus was assessed at post-operation immediately, and 
final follow-up and the internal rotation angle was calculated 
as immediate postoperative NSA minus final NSA. 

The measurement of humeral height ratio (r) was 
conducted based on X-ray images. As shown in Figure 3 
three parallel lines perpendicular to the longitudinal axis of 
the medullary cavity was drawn at the level of humerus peak, 
superior and inferior border of the plate, and was depicted as 
a, b, and c, respectively. The distant between line a and b (ab) 
represented the humeral height, and the distance between 
line b and c (bc) was plate height. The r was calculated as 
humeral height divide plate height (Figure 3). 

Statistical analysis

All the statistical analysis was conducted using 18.0 SPSS 

Figure 2 Measurement of humeral internal rotation angle was 
based on X-ray images and the results was designated as Δα. 
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Figure 3 Measurement of humeral height ratio (r) was based 
on X-ray images. As shown in Figure, three parallel lines 
perpendicular to longitudinal axis of the medullary cavity was 
drawn at the level of humerus peak, superior and inferior border 
of the plate, and was designated as a, b and c, respectively. The 
distant between line a and b (ab) represented humerus height and 
the distant between line b and c (bc) was plate height. The r was 
calculated as humerus height divide plate height. 
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software (SPSS Inc., Chicago, United States). Comparisons 
of quantitative data, including age and fracture union, were 
analyzed using one-way analysis of variance (ANOVA). 
Constant shoulder score at pre-operation and final follow-
up were compared by using repeated measurement 
ANOVA. Sum rank test followed with LSD test was utilized 
to differentiate the humeral internal rotation angle and 
humeral height ratio. Pearson χ2 test was employed to 
calculate the data of gender, causes of the fracture, Neer 
classification, as well as the injury side. A P value of ≤0.05 
was regarded as statistically significant. 

Results

Patient demographic data

From December 2016 to December 2018, eighty-five 
elderly patients suffering from proximal humeral fractures 
received standard plate or locking plate with or without 
MSS, and the patient demographic data are shown in  
Table 1. These patients (33 males and 52 females) ranged 
from 60–78 years, with the mean age of 65.3±4.0 years. The 
average duration from injury and operation were 6.3±4.5, 
range from 4–13 days. The factors for fracture included  
39 (45.9%) cases of traffic accidents, 24 (28.2) falling, 4 
(4.7%) decreasing from a height, 9 (10.6%) exercise injury 

and 9 (10.6%) others. The fractures were sub-grouped 
according to Neer classification, including 35 (41.2%) 
cases of two-part fractures, 40 (47.1%) cases of three-part 
fractures and 10 cases (11.7%) of four-part fractures [8 
(9.4%) cases of shoulder dislocation]. 

As shown in Table 1, no significant differences were 
found on the gender, age, factors for fractures, and Neer 
classification (all P<0.05) among these patients in 3 groups. 

Follow-up

All the eighty-five patients were accomplished with the 
follow-up ranging from 14–42 months with the mean 
time of (16.3±1.5) months. Fracture healing was found in 
all the patients, and the mean healing time ranged from 
10–13 months with the mean time of (12.7±3.7) months. 
Furthermore, no case of nonunion or humerus necrosis was 
found. No significant difference was found in healing time 
(P=0.561, Table 2). 

Clinical outcome

The clinical outcome parameters, including Constant 
score, internal rotation angle (°) and humeral height ratio 
loss, were assessed, and comparison of these parameters 
was performed among the different groups. As shown in 

Table 1 Patient demographic data at pre-operation

Characteristics Standard plate group (n=23) Locking plate without MSS (n=34) Locking plate with MSS (n=28) Statistic P value

Gender (males, n, %) 12 (52.2) 12 (35.3) 9 (32.1) χ2=2.432 0.297

Age (yrs) 61.4±11.2 62.3±10.7 64.5±7.4 F=1.102 0.485

Injury type (n, %) χ2=3.355 0.521

Traffic accident 11 (12.9) 15 (17.6) 13 (13.5)

Slip down 7 (8.2) 7 (8.2) 10 (11.7)

Others 5 (5.8) 12 (14.1) 5 (5.8)

Duration between 
injury and operation 
(days)

4.9±1.8 5.1±2.4 5.6±2.1 F=1.514 0.518

Neer classification (n, %) χ2=3.152 0.533

Two-part fracture 10 (11.7) 12 (14.1) 13 (15.3)

Three-part fracture 11 (12.9) 19 (22.3) 10 (11.7)

Four-part fracture 2 (2.3) 3 (3.5) 5 (5.8)

Operative arm (n, %) 10 (43.5) 15 (44.1) 13 (46.4) χ2=2.761 0.258

MSS, medial support screw.
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Table 3 Post-operation complications and secondary operation

Characteristics Standard plate group (n=23) Locking plate without MSS (n=34) Locking plate with MSS (n=28) Statistic P value

Complication (n, %)

Acromial 
impingement

2 (8.6) 4 (20.6) 2 (7.2) χ2=6.451 0.04

Screw perforation 1 (4.3) 3 (8.8) 1 (3.6) χ2=1.373 0.533

Humeral head 
necrosis

1 (4.3) 1 (2.9) 1 (3.6) χ2=0.899 0.638

Humeral varus 
malunion

4 (17.4) 2 (5.8) 0 χ2=1.124 0.570

Total 8 (34.7) 10 (29.4) 4 (14.3) χ2=5.941 0.051

Secondary surgery 7 (30.4) 4 (10.4) 1 (3.6) χ2=7.774 0.021

Table 2 Clinical outcome of the patients at pre-operation and post-operation

Characteristics Standard plate group (n=23) Locking plate without MSS (n=34) Locking plate with MSS (n=28) Statistic P value

Constant score F=9.622 0.039

Pre-operation 45.32±4.65 46.23±6.34 48.12±5.33

Final follow-up 71.15±8.35 74.40±5.13 80.75±2.05

Internal rotation 
angle (°)

4.31±3.21 2.82±5.42 1.13±3.83 Z=341.321 <0.001

Humeral height ratio Z=1.350 <0.001

Post-operation 0.17±0.16 0.17±0.03 0.18±0.08

Final follow-up 0.09±0.01 0.12±0.04 0.15±0.03

Fracture union time 
(weeks)

13.21±3.42 12.48±2.65 11.39±5.32 F=4.642 0.561

Table 2, the evident difference was shown on the Constant 
score (P<0.05), internal rotation angle (°) (P<0.001) and 
humeral height ratio loss (P<0.001) among these 3 groups. 
Moreover, the results showed that a highest Constant score, 
and lowest internal rotation angle (°) and humeral height 
was found in Locking plate with MSS group, secondary of 
above parameters in Locking plate without MSS group and 
third in standard plate group (P<0.001).

Complications

We also col lected the data  about post-operat ion 
complication and secondary surgery, and the results 
were shown in Table 3. The incidence of post-operation 
complications was 4 (14.3%), 10 (29.4%) and 8 (34.7%), 
respectively in 3 groups. The manifestations were acromial 

impingement, screw perforation, humeral head necrosis, and 
humeral varus malunion. Also, the presence of secondary 
surgery in Locking plate with MSS group, locking plate 
without MSS group and standard plate group was 1 (3.6%), 
4 (10.4%) and 7 (30.4%), respectively. 

Discussion

In the present study, we demonstrated that locking plate 
with MSS could exert significant benefits on the Constant 
score, humeral internal rotation angle and humeral height 
ratio compared to those patients without MSS or with 
standard plate treatment. Furthermore, the lowest incidence 
of post-operation complication events and a significantly 
decreased secondary surgery incidence were also shown in 
patients treated with locking plate with MSS in comparison 
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to those patients without MSS or with standard plate 
treatment.

In current clinical practice, the stable reduction is of 
critical significance in fracture healing and for early functional 
recovery of the shoulder. However, challenges could be 
presented when application operative stabilization in patients 
suffering from osteoporotic bone and comminuted fractures, 
thereby resulting in the controversies about effective therapy 
for displaced and unstable fractures. Blade-plate fixation, 
compared to locking plate fixation, displayed advantages 
associated with the locking plate in treating the proximal 
humeral fractures (14). The advantages of locking plate 
were as follow: (I) These plates are biomechanical with low 
profile better suited for fixing proximal humerus fracture (15).  
(II) These plates display angular stability and locking screw 
anchorage (16). (III) These plates provide small holes to 
fasten rotator cuff besides multiple locking screws. (IV) 
These plates offer several locking screw options for increased 
pull-out strength (11,15).

The MSS inserted into medio-inferior region of the 
humeral head is helpful for the medial column (17-19). 
Zhang et al. revealed that medial cortical support for 
anatomic reduction remains the toughest construct (20). 
Moreover, MSSs in the locking plate and reconstructing the 
medial column support in proximal humerus fractures could 
promote humeral head stability and decrease implant failure. 
Furthermore, the number of support screws could also 
impact the therapeutic results. Erhardt et al. (21) suggested 
that at least 5 screws inserted into the head fragment in a 
locking plate in proximal humerus fractures with disrupted 
medial hinge could achieve better therapeutic efficacy. 
Also, Bae et al. (22) indicated that strut graft augmentation 
elevates the maximum failure load and the initial stiffness of 
this construct in comparison to a locking plate alone. Here, 
our results support the beneficial effects exerted by MSS in 
locking plate for humerus fractures, which is consistent with 
previous studies. 

Despite the advantages of locking plate, complications, 
including intra-articular screw perforation, subacromial 
impingement,  and fracture re-displacement,  have 
been reported. Thanasas et al. (11) found an avascular 
necrosis rate of 7.9%, a screw cutout rate of 11.6%, and a 
reoperation rate of 13.7%, indicating that procedure-related 
complication rate is high. Additionally, the significance 
of medial column support for the proximal humerus 
to decrease the rate of possible complications has been 
identified (9,11,16,23). Gardner et al (9) identified that a 
deficient medial support results in 30% screw perforations 

in comparison to 6% for fractures with an intact medial 
support, which suggests the effectiveness of the inferomedial 
screw in support of the medial column and maintenance 
of  fracture reduction, especially in medial comminution 
due to prevention of other implant-related complications 
from development. Hepp et al. (18) reported that surgical 
stabilization techniques with the inferomedial trabecular 
network could be utilized for screw fixation because of 
the mechanical quality of this region. This inferomedial 
trabecular network is exploited for locking screw fixation 
because of its high mechanical strength, which is helpful for 
osteoporotic bone and prevention of related complications. 
In the present study, we found a 7.1% post-operation 
complication rate and 3.5% secondary surgery rate. 

Although the benefits of MSS in the locking plate in 
treating proximal humeral fracture have been verified, there 
are also several limitations in the present study. Firstly, 
current intraoperative MSS placement was mainly based 
on the surgical experience and clinical characteristics of 
the patients. The further systematical analysis of the MSS 
position in the humerus might be helpful in prognosis. 
Secondly, the pain improvement data was not collected here 
during the follow-up, which might underscore the benefits 
of current surgical methods. Therefore, a large-scale study 
is required soon to analyze these factors further. 

Collectively, MSS in the locking proximal humeral plate 
in treating elderly patients who suffered from proximal 
humeral fractures reduce humeral restoration loss and 
humeral internal rotation angle, which could help treat 
proximal humeral fractures.
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