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Predictive Indicators for Complications of Proximal
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Objective: The purpose of this study was to evaluate the best placement of calcar screws in proximal humerus
fracture surgeries.

Methods: This retrospective cohort study included clinical and radiographic outcomes of 98 patients treated with
proximal humerus fracture surgeries between January 2017 and June 2020. Demographic data of patients were
obtained from medical records. The surgical and radiographic results were also collected: operation time, blood loss,
time to surgery, fibular allograft, disruption of medial region hinge, Neer classification, and recovery of medial support.
Patients were allocated into two groups: the locking plate group (n = 65) and the intramedullary nail group (n = 33).
In this study, we proposed new predictive indicators, named horizontal ratio (HR) and vertical ratio (VR), to quantify the
placement of calcar screws in these two groups. A receiver operating characteristic (ROC) analysis was conducted to
display the accuracy of these indicators. Shoulder activity, visual scale analog (VAS) score, and Constant score were
performed to evaluate postoperative clinical outcomes at 1 year follow-up.

Results: In the multivariate logistic regression analysis, only time to surgery and effective medial support were consid-
ered statistically significant factors of postoperative complications (p < 0.05). Significant differences were observed
between medial support and postoperative complications both in the locking plate group and the intramedullary nail
group (p < 0.05). Only the vertical ratio of locking plate (VRLP) was a statistically significant predictor of postoperative
complications (p < 0.05). The area under curve was calculated to assess the predictive value of VRLP, which came to
0.84. In addition, a ROC analysis found quantifiable thresholds of the VR was 0.1713 as measures to avoid postoper-
ative complications in the locking plate fixation.

Conclusion: In locking plate fixation, the incidence of postoperative complications increased significantly when the VR
of calcar screws greater than 0.1713, which was beneficial to surgeons to place calcar screws.
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Introduction

Proximal humerus fractures account for 4%–10% of all
adult fractures, which often happened to elderly patients

after a low energy fall.1 In spite of the fact that acceptable
results can be achieved with non-operative treatment in 80%
of proximal humerus fractures, surgical treatment is gener-
ally performed in unstable fractures, especially in displaced

and osteoporotic cases. On the other hand, conservative
treatment for proximal humerus fractures often results in
shoulder disability, which owes to subacromial impingement
and limitations of abduction and external rotation. Benefited
from significant improvements in surgical instruments and
techniques, a broader indication for surgical treatment is
considered an option for surgeons. The purpose of surgical
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treatment is to achieve stable fixation which provides early
rehabilitation training and obtains the recovery of joint func-
tion. Therefore, surgical treatments nowadays are increas-
ingly considered as the most common option.2

A recent study showed that complications in proximal
humerus fractures after internal fixation remain high.3 Avas-
cular necrosis (AVN) of humerus head brings out a delayed
pain and deficiency in range of motion. Non-union often
acquires a revision surgery.4,5 Other complications, such as
screw loosing and plating breakage, also cause trouble for
both surgeons and patients.

It is known that anatomic reduction is associated with
great clinical outcomes in proximal humerus fractures. Gar-
dener firstly stressed the importance of medial support in
avoiding reduction loss. In addition, he proposed the concept
of the calcar screw: an inclined locking screw pointing
upwards, precisely placed in the inferior medial region of
humerus head, aiming to achieve stable medial support and
reliable maintenance of reduction.6 However, a quantifiable
distance from the calcar screws of internal fixations to the
medial region has not been clearly defined. In addition, he
found that an additional allograft fibula could provide a
better support in the medial region.7 Nevertheless, Hinds
et al. believed that allograft fibula did not significantly
improve clinical outcomes in osteoporosis cases and
increased the cost of surgery.8 Then, calcar screws were
applied to intramedullary nail technology, which showed
great prospects in surgical neck fracture with medial region
destruction. In subsequent clinical studies, Zhang et al. and
Jung et al. proved that medial support could decrease the
postoperative complication rate impressively.9,10

A clinical report shows additional calcar screws are
associated with many postoperative complications, such as
AVN, non-union, screw penetration, screw loosening, and
varus deformity.11 As far as we know, many studies empha-
sized the importance of calcar screws in maintaining reduc-
tion, but the exact location of calcar screw remained
controversial either in plate or intramedullary nail fixation.
In this study, we came up with some indicators to quantify
the placement of calcar screws in locking plate and intra-
medullary nail fixation. Therefore, we did a retrospective
study of two cohorts of patients treated with either intra-
medullary nail and locking plates for proximal humerus frac-
ture from January 2017 to June 2020. We hope to achieve
the following: (i) to explore significant factors associated with
postoperative complications in proximal humerus fracture;
(ii) to evaluate the position of calcar screws quantitatively;
(iii) to provide an ideal clinical option of calcar screw place-
ment to prevent postoperative complications.

Methods

Study Design
A retrospective cohort study was approved by the Ethics
Committee of Beijing Chaoyang Hospital to analyze the clin-
ical and radiographic outcomes of patients receiving surgical

treatments for proximal humerus fractures between January
2017 and June 2020 (approval no. 2021-ke-441). The Com-
mittee waived the requirement for written informed consent
because the study was retrospective, it did not have any
adverse effect on patients’ health, and it reported
anonymized patient data.

To explore the risk factors associated with complica-
tions, clinical and radiographic data were analyzed in our
research. Therefore, cases were grouped according to the
presence or absence of postoperative complications.

Following results included predictive indicators and
postoperative functional scores. To evaluate the clinical effect
of the new predictive indicators in different surgical
methods, we additionally divided the cases into two groups:
the locking plate group and the intramedullary nail group.
Finally, this study also concentrated on postoperative func-
tional evaluation, which included a clinical comparison of
with and without effective medial support.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) 16 years old or
older; (ii) a proximal humerus fracture with clinical and
radiography evidence; (iii) receiving locking plates (PHILOS,
Synthes, Paoli, PA, USA) or intramedullary nails (The Multi-
Loc Nails, DePuy Synthes, Raynham, MA, USA) internal fix-
ation; (iv) followed up for at least 12-month postoperatively.
Exclusion criteria were previous tumor history of injured
limb, nerves injury, open fractures, rotator cuff injury, shoul-
der arthroplasty, or non-surgical treatment. Patients with
inadequate preoperative or postoperative radiograph and
incomplete clinical variables were also excluded.

Clinical and Radiographic Data
Clinical and radiographic data were collected including gen-
der, age, history of alcohol and tobacco use, injury type
(high-energy and low-energy), comorbidities (hypertension,
hyperlipidemia, and diabetes mellitus), shoulder joint activity
(preoperative), operation time, blood loss, time to surgery,
fibular allograft, disruption of medial region hinge, the con-
dition of postoperative medial support, postoperative compli-
cations, and the Neer classification.12

The primary outcomes included failure of internal fixa-
tion (screw loosening and plate breakage) and varus defor-
mity. The secondary outcomes were non-union and AVN of
humerus head.

The classification of proximal humerus fractures and
the condition of medial support were determined by preop-
erative X-ray and three-dimensional computed tomography.
All fractures were classified by the Neer classification. Clini-
cal findings and radiographs including anteroposterior and
axillary views were jointly reviewed by the primary and
senior surgeons after 1, 6, and 12 months postoperatively.

At the last follow-up, patients received a detailed
shoulder motion examination and an assessment of shoulder
function score assessment. In order to achieve a
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comprehensive comparison, both healthy contralateral and
injured limbs were included.

Surgical Process

Anesthesia and Position
Both locking plate and intramedullary nail groups were per-
formed under general anesthesia, in a “beach chair” position.

Locking Plate Group
The injured upper limb of patient was routinely disinfected
and covered. The surgery used a deltopectoral approach to
enter between the deltoid and ectopectoralis to expose the
fracture line. The greater and smaller tuberosity of humerus
were prepositioned with sutures. The fracture segment was
reduced by using Kirschner wire as a temporary measure. A
locking plate and several screws were fixed. A calcar screw
providing stability for medial region of proximal humerus
was applied while visible presence of medial region defect
existed. Then greater and smaller tuberosity of humerus were
sutured and knotted with preset sutures. The entire wound
was sutured and a drainage tube was placed after satisfied
passive shoulder joint motion and immediate postoperatively
radiographies obtained.

Intramedullary Nail Group
With the assistance of C-arm radiography, the proximal
humerus fracture was reduced by traction and a routine
disinfection was performed subsequently. Anterolateral
acromion incision was performed to split deltoid. After dis-
secting rotator cuff and the joint capsule, a round needle
entered into the interior joint surface and an optional guide
pin was placed to insert the distal medullary cavity.
The intramedullary nail was inserted to stabilize the fracture
segment with the appropriate position of proximal and distal
screws. Depending on medial region condition, the screw
was placed into the inferomedial quadrant of the proximal
humeral head. After obtaining immediate postoperatively
radiographs including fracture reduction and placement of
internal fixation, the rotator cuff and deltoid muscle was
repaired and the entire wound was sutured.

Definition of Observation Indicators

Non-union and AVN
Non-union was defined as a fracture without radiographic
signs of complete healing 9 months after humeral head frac-
ture or progressing union for more than 3 months on post-
operative X-rays. AVN of the humerus head conformed to
the identification criteria of AVN.13

Varus Collapse
Varus collapse was measured as the change of neck-shaft
angle more than 20� on the anteroposterior view of postop-
erative radiograph, using the healthy limb as a reference.14

Internal Fixation Failure
The internal fixation failure was observed as plate breakage
or dislocation of screws for at least 5 mm on the postopera-
tive X-rays.15

Condition of Medial Region Supports
According to the theory of Hertel, the medial region hinge of
proximal humerus was considered disrupted if there was a
displacement of the shaft in any direction greater than
2 mm.16

The presence of medial support was defined if (i) the
medial pillar of the proximal humerus was not comminuted
and anatomically reduced successfully; (ii) the shaft was
medialized and impacted into the head fragment; or (iii) an
oblique locking screw was placed directly into the infer-
omedial quadrant of the proximal humeral head fragment.6

Predictive Indicators for Calcar Screws
In order to describe the placement of calcar screws in locking
plates or intramedullary nails fixation, new predictive indica-
tors were proposed: horizontal ratio (HR) and vertical ratio
(VR). The distance from the tip of calcar screws to the
medial hinge was recorded as a1 or a3 (along the direction
in which the screw was inserted). The total length of the
humerus head along the same direction was recorded as b1
or b3. HR of the locking plate (HRLP) or intramedullary nail
(HRIN) was defined as a1/b1 or a3/b3.

Similarly, the distance from inferior of calcar screws to
junction of humerus head and stem were recorded as a2 or
a4. The distance from junction of humerus head and stem to
the other side of the humeral head were recorded as b2 or b4
(along the same direction of a2 or a4). VR of locking plate
(VRLP) or intramedullary nail (VRIN) was defined as a2/b2
or a4/b4. (Figure 1).

Two independent and blinded orthopaedic surgeons
assessed pre- and postoperative radiographs and their mea-
surements were averaged.

Shoulder Activity and Function Scores Assessment

Shoulder Motion Examination
The shoulder motion examination included flexion, abduc-
tion, external rotation, and internal rotation while patients
stood and breathed peacefully without any assistant.

Constant Score
The Constant score was used to evaluate shoulder function,
consisting of four categories, including pain (15 points),
activity level (20 points), total range of motion (40 points),
and muscle strength grade (25 points). The total score is the
sum of these four items, and the higher scores indicate
greater function. A score of 100 points is defined as normal,
90–100 as excellent, 80–89 as good, 70–79 as fair, and 0–69
as poor.
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Visual Analog Scale (VAS) Score
The VAS score was performed to assess patient pain level,
ranging from no pain to worst pain possible.17 The total
score is from 0 to 10, and the higher scores indicate worse
pain. A score of 0 points is defined as normal, 1–3 as mild
pain, 4–6 as moderate pain, 7–9 as severe pain, and 10 as
worst pain possible.

Statistical Analysis
Statistical analyses were performed using the SPSS version
21.0 (IBM, Armonk, New York, USA). All continuous vari-
ables were expressed as the mean � standard deviation. All
counting data were expressed in frequency and percentage.
Data were analyzed using independent two-sample t-test and
chi-square test for continuous and counting variables,
respectively. To identify the statistically significant clinical
factors responsible for postoperative complications, multivar-
iate logistic regression analysis with combinations of two
independent variables (the presence of medial support and
time to surgery) was performed. p values <0.05 were

considered statistically significant. A ROC curve was
generated to identify a threshold predictive. The area under
the curve was calculated to assess the predictive value of
these variables. The Youden index was calculated and
reported as a reference of the threshold optimizing accuracy.

Results

Clinical and Radiographic Results
Presented in Table 1, there was no significant difference
between with and without complication groups in gender
ratio (four men to 10 women vs 20 men to 64 women,
p = 0.70) and mean age (59.9 years vs 63.0 years, p = 0.58).
The clinical data also showed no statically significant differ-
ence in history of alcohol and tobacco use, injury type,
comorbidities (including hypertension, diabetes, and hyperlip-
idemia), shoulder mobility, operation time, and blood loss in
these two groups (p > 0.05). The average time of surgery to
the complication group was significantly longer than the
group without complication (8.4 days vs 5.3 days, OR = 1.28,
p = 0.004).

By reviewing the radiographic data, there was no sig-
nificant difference in fibular allograft, disruption of medial
region hinges, and Neer classification (p > 0.05). However, a
significant difference was found between the two groups in
recovery of medial support (five of 14 vs 68 of
84, OR = 0.13, p = 0.001).

Independent Factors Predicting Complications
Multivariate logistic regression analysis with combinations of
two independent variables (time to surgery and effective
medial support) in the univariate analysis was performed,
which showed both time to surgery (OR = 1.34, p = 0.002)
and effective medial support (OR = 0.08, p = 0.001) were
considered as independent predictors of avoiding postopera-
tive complications (Table 2). Obviously, medial support was
a protective independent predictor than time to surgery
(OR 0.08 vs 1.34).

Then, all the patients were allocated into the locking
plate group (n = 65) and the intramedullary nail group
(n = 33). The medial support was proved as a statistical sig-
nificance in two groups (the locking plate group, OR = 0.35,
p = 0.015; intramedullary nail group, OR = 0.29, p = 0.02)
(Figure 2). In addition, we found that only in the locking
plate group, time to surgery was a significant predictor
(OR = 1.41, p = 0.004).

Predictive Indicators (HR and VR)
There were four new indicators (horizontal ratio of locking
plate, vertical ratio of locking plate, horizonal ratio of intra-
medullary nail, and vertical ratio of intramedullary nail)
assessed and observed. Only the VRLP (p = 0.002) was con-
sidered a statistically significant predictor of postoperative
complications (Figure 3).

A ROC curve was generated for VRLP to identify a
threshold predictive of avoiding postoperative complications.

A B

C D

Fig. 1 (A, B) The horizontal and vertical ratio of locking plate are equal

to the ratio of a1 to b1 and a2 to b2; (C, D) The horizontal and vertical

ratio of intramedullary nail are equal to the ratio of a3 to b3 and

a4 to b4
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The area under curve was calculated to assess the predictive
value of VRLP, which came to 0.84. The optimal threshold
to avoid postoperative complications was 0.1713 or less, of

which the Youden index was 0.6. In addition, the sensitivity
and specificity were 66.7% and 99.3%, respectively. The pic-
ture of ROC curve was shown in Figure 4, demonstrating

TABLE 1 Demographic statistics according to the presence of postoperative complication

Overall With complication Without complication p value

Gender Male 24 4 20 0.7
Female 74 10 64

Age (years) 62.5 � 17.0 59.9 � 14.9 63.0 � 16.8 0.58
History of tobacco and alcohol use Yes 9 1 8 0.78

No 89 13 76
Injury type High-energy violence 13 2 11 0.9

Low-energy violence 85 12 73
Comorbidities Yes 55 7 48 0.62

No 43 7 36
Shoulder mobility Bad 1 1 0 1

Good 97 13 84
Operation time (min) 120.0 � 55.0 138.6 � 50.9 120.0 � 45.0 0.08
Blood loss (ml) 125.0 � 100.0 200.0 � 150.0 100.0 � 100.0 0.05
Time to surgery (day) 5.0 � 3.0 8.4 � 4.7 5.0 � 3.0 0.004
Fibular allograft Yes 22 5 17 0.21

No 76 9 67
Disruption of medial region hinge Yes 61 11 50 0.18

No 37 3 34
Neer classification Two-part 32 3 29 0.54

Three-part 60 11 49
Four-part 6 0 6

Recovery of MS Yes 73 5 68 0.001
No 25 9 16

Values are presented as the mean � SD.; Abbreviations: CI, confidence intervals; MS, medial support.

TABLE 2 Multivariate logistic regression analyses with postoperative complication as outcome

All cases With complication Without complication p value Odds ratio (95% CI)

Time to surgery (day) 5.0 � 3.0 8.4 � 4.7 5.0 � 3.0 0.002 1.34 (1.11–1.62)
Medial support 0.001 0.08 (0.02–0.35)
(+) 73 5 68
(�) 25 9 16

Values are presented as the mean � SD.; Abbreviation: CI, confidence intervals.

Fig. 2 The forest plot illustrating the

relationship between two risk factors (time to

surgery and medial support) and with/without

postoperative complications in locking plate

and intramedullary nail fixation
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that VRLP was very useful in the diagnosis of postoperative
complications. The rate of postoperative complications
increased significantly once the VRLP was more than 0.1713.

Postoperative Complications Results
No postoperative axillary nerve injury was found in locking
plate group and in intramedullary nail group (Figure 5). All
patients with non-union or AVN received a secondary sur-
gery. Failure of internal fixation (screw loosing and internal
fixation breakage) was found in five of 98 patients in these
two groups, which were treated with internal fixation
removal (five of five) or replacement (two of five). Four of
five patients with varus deformity preferred a conservative
treatment and showed a satisfied result and the remaining
one underwent an internal fixation removal which
restricted his injured limb motion extremely at 8 months
postoperatively.

Motion Outcomes and Score Evaluation Results
All cases were then subdivided into one of two groups
according to the presence or absence of medial support,
which showed no significant difference obtaining from
healthy contralateral shoulder in shoulder motion activity,
VAS score, and Constant score (p > 0.05) (Table 3). Further-
more, observed with injured limbs, patients with an effective
medial support showed a significantly higher Constant score
(p = 0.04) and superior performance on internal rotation
(p = 0.04) (Table 4). However, no significant difference was
found in VAS scores of both the healthy and the injured
limbs (p > 0.05).

Representative Cases
To illustrate the importance of calcar screw placement in
locking plate fixation, two typical cases were presented in
Figure 6. A patient with a low VRLP achieved a great clinical
outcome (Figure 6A–C). Conversely, one patient suffered
from a bone nonunion attributing to a high VRLP
(Figure 6D–G).

Of note, another case was more representative, of
which one patient with a medial region disruption and ante-
rior dislocation of shoulder received a locking plate fixation
(Figure 7A,B). It was found that the humerus stem and head
had poor concord at 3 months postoperatively (Figure 7C).
Benefiting from accurate calcar screw placement and active
rehabilitation exercises, she achieved a satisfied clinical out-
come without secondary surgery (Figure 7D).

Discussion

Importance and Methods for Recovery of Medial
Support
Our study demonstrated that locked screws placed into
humerus head stabilize the medial column. This idea was
first proposed by Gardener, which was also reported in sys-
tematic reviews by Thanasas et al. and Oppebøen et al..6,18,19

Hepp et al. found that the medial region provided the suffi-
cient trabecular density, which demonstrated that precise
reduction of screws relied on fixation in the lower inner
quadrant of humerus head.20

Fig. 3 Relationship between new indicators proposed

in this study and postoperative complications. In these

four indicators (horizontal ratio of locking plate (HRLP),

vertical ratio of locking plate (VRLP), horizonal ratio of

intramedullary nail (HRIN), and vertical ratio of

intramedullary nail (VRIN)), only a low VRLP

significantly decreased the incidence of postoperative

complications

Fig. 4 An AUC of receiver operating characteristic curve demonstrating

the relationship between VRLP and postoperative complications
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Zhang et al. believed that the medial region supported
by three calcar screws would have significant biomechanical
advantages.21 However, in complex fracture patterns, it was
difficult for calcar screws to provide stability for the medial
region. Kim et al. considered the medial column of the
humerus was quite different from the femur.22

Our study mentioned that patients with medial sup-
port achieved better activity on internal rotation, which
required a finite element analysis or an in-vitro experiment
to verify.

There was still much controversy around calcar screws
application on intramedullary nail. Katthagen et al. doubted

A

D E F G

B C

Fig. 5 Two representative cases: (A–C) a 59-year-old female patient with a low VRLP achieved a better motion activity and clinical score; (D–G) a

60-year-old male suffered from a bone nonunion when VRLP exceeds the boundary values we provide in this article

TABLE 3 Mean shoulder activity, Constant score, and VAS score of healthy shoulder

With MS Without MS p value t value

Flexion 171.4 � 6.9 170.9 � 6.4 0.76 �0.30
Abduction 144.2 � 10.4 145.1 � 8.2 0.7 0.38
External rotation 69.3 � 9.5 69.4 � 7.5 0.94 0.07
Internal rotation 76.4 � 8.0 77.9 � 5.9 0.39 0.86
Constant score 79.8 � 6.9 80.5 � 5.9 0.68 0.41
VAS score 0.4 � 0.6 0.3 � 0.6 0.72 �0.36

Values are presented as the mean � SD.; Abbreviations: MS, medial support; VAS, visual analog scale.
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that calcar screws in intramedullary nail contributed to the
medial support.23 However, in our study, we found that
effective medial support was a protective factor to avoid
postoperative complications in the intramedullary nailing
group.

The clinical results of our study showed a statistically
significant association between time to surgery and postoper-
ative complications. Menendez et al. presented that delayed
surgery (i.e., 3 or more days after trauma) might increase the
inpatient morbidity, postoperative length of stay, and uncon-
ventional discharge.24

Postoperative Complications without Medial Support
Our research included non-union, AVN, failure of internal
fixation (screw loosening and plate breakage), and varus
deformity. Oppebøen et al. demonstrated the protective
effect of the medial support on the avoidance of varus defor-
mity.19 Agudelo et al. further proved that application of cal-
car screws obtained axial loading and stiffness for humerus
head to avoid varus deformity and decrease the risk of sur-
gery failure on their retrospective studies.25 In our study,
only one patient (1%) had AVN, which showed significant
absence of the humerus head in imaging findings. The frac-
ture pattern of this patient was involved with the anatomic
neck, considered to be a predictor of osteonecrosis of the

humerus head presented by Hertel et al..16 In previous stud-
ies, however, the incidence of AVN ranged from 1.9% to
16.2%.26–29 Osterhoff et al. found no statistical relationship
between the absence of AVN and the medial support, which
might be explained by abundant blood supply and collateral
circulation of the humerus head.30

In our study, there were three (3.1%) patients diag-
nosed with bone non-union, which was in the lower range of
previous articles ranging from 0% to 16% reported.28,31–33

However, these articles reported that many factors had an
influence on non-union including fracture type, previous
smoking history, osteoporosis, and premature rehabilitation.

Screw loosening and plate breakage were also included
in our article. A recent series made by Ciric et al. reported
that placing calcar screws closely to the subchondral bone of
humerus head did not increase the risk of screw loosening.34

In contrast, placing short calcar screws could lead to screw
loosening and secondary varus deformity. In a finite element
analysis of Yang et al., it pointed out that with the absence
of medial support, the intense pressure near the calcar screws
of the locking plate contributed to the high rate of plate
breakage and iatrogenic fractures.35 In keeping with the
study by Fletcher et al., this author further proved that the
arrangement of calcar screws might be of great relevance for
preventing plate breakage.36 New predictive indicators

TABLE 4 Mean shoulder activity, constant score, and VAS score of injured shoulder

With MS Without MS p value t value

Flexion 135.5 � 19.6 136.6 � 21.6 0.63 0.47
Abduction 122.7 � 23.6 116.7 � 21.6 0.06 �1.93
External rotation 60.3 � 19.6 56.4 � 23.4 0.31 0.92
Internal rotation 70.3 � 18.0 63.2 � 18.9 0.04 �2.20
Constant score 70.9 � 15.9 67.2 � 20.5 0.04 �2.20
VAS score 1.8 � 1.6 1.8 � 1.1 0.96 0.06

Values are presented as the mean � SD.; Abbreviations: MS, medial support; VAS, visual analog scale.

Fig. 6 A demographic tree shows the cohort breakdown of patients in which internal fixation was used. Cohorts are further subdivided into whether

the medial support was achieved. These additionally were subclassified as with or without complications

2116
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 9 • SEPTEMBER, 2022
PREDICTIVE INDICATORS FOR COMPLICATIONS OF PROXIMAL HUMERUS FRACTURES



proposed in our study would be beneficial to avoid the
occurrence of these postoperative complications.

Appropriate Placement of Calcar Screws in Locking
Plate Fixations
A recent article has presented a clear definition on the place-
ment of the calcar screw.37 In this research, the authors
believed that precise calcar screw positioning, such as the
bottom of the calcar screw closed to the medial region and
the tip of the screw closed to the subchondral bone, could
avoid internal fixation failure. Alternatively, they reported
that current locking-plate technology allowed precise calcar
screw placement for reduction quality. In addition, they pro-
posed two indicators named calcar ratio and calcar distance,
which were also helpful to evaluate the placement of calcar
screw. Our study proposed new predictive indicators, which
were obtained from both anteroposterior and lateral radio-
graphs, to investigate the appropriate position of calcar screw
either in plate or intramedullary nail fixation. In order to
explore critical point, we established a relationship between
calcar screws and postoperative complications.

Zeng et al. held the opinion that with a low-grade
medial cortical reduction, multiple and effective calcar screws
were of benefit to obtain the stability of fixation and main-
tain the reduction of fractures.38 Moreover, these authors
attempted to build a relationship between the arrangement
of calcar screws and VAS score, which was considered no
statistical significance.

Recent studies indicated that imaging failure was
highly collated with reoperation.37,39 After determining the
importance of medial region support, we attempted to estab-
lish a relationship between predictive indicators and the
postoperative complications, including AVN, non-union,
plate breakage, screw loosening, and varus deformity. Unfor-
tunately, there were no statically significant results between
these indicators and complications in intramedullary nail
groups. However, we found that the VRLP was statistically
significant to postoperative complications. The incidence of
postoperative complications increased dramatically once the
VRLP was more than 17%. In locking plate fixation, once
calcar screws placed in vertical positions outside of the
thresholds were identified in our results, patients were at
increased risk for fixation failure and secondary operation.

Limitations and Conclusions
We acknowledge that this study has several limitations,
including its retrospective design. The relatively small series
size limits the reliability of our study. However, the results of
our study suggest that the calcar screw can be placed with
quantifiable position and a low rate of postoperative compli-
cations. Future reports, including more prospective trials,
will stress clinical characteristics of medial region hinge of
humerus head by using finite element of biomechanics
analysis.

Our study demonstrated that the time to surgery and
effective medial support had a significant influence on post-
operative complications of proximal humerus fractures in
locking plate and intramedullary nail fixation. The precise
placement of calcar screws was important to achieve ana-
tomic reduction in locking plate internal fixation. The inci-
dence of postoperative complications increased significantly
when the VR of calcar screws exceeded the 0.1713.
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Fig. 7 (A, B) A 73-year-old female patient suffered from a proximal

humerus fracture with medial region hinges and anterior dislocation of

shoulder. (C) A 3-month postoperative X-ray showed that the humerus

stem was not matched up with head perfectly. (D) Eventually, she

achieved a satisfied clinical outcome without secondary surgery, which

benefited from accurate calcar screw placement and active

rehabilitation exercises
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