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Abstract 

Background  In proximal humeral fractures, the medial calcar is often considered an important stabilizing structure. 
When the medial calcar is disrupted, some patients may have accompanying humeral lesser tuberosity comminution 
that has not been noticed. To investigate the impacts of comminuted fragments of lesser tuberosity and calcar on 
postoperative stability, CT results, number of fragments, cortical integrity, and the variation of neck-shaft angle were 
compared in patients with proximal humeral fractures.

Materials and methods  From April 2016 to April 2021, this study included patients with senile proximal humeral 
fractures diagnosed by CT three-dimensional reconstruction with lesser tuberosity fractures and medial column inju-
ries. The number of fragments in the lesser tuberosity and the continuity of medial calcar were evaluated. Postopera-
tive stability and shoulder function were evaluated by comparing changes in neck-shaft angle and the DASH upper 
extremity function score from 1 week to 1 year after the operation.

Results  A total of 131 patients were included in the study, and the results showed that the number of fragments of 
the lesser tuberosity was related to the integrity of the medial cortex of the humerus. That is, when there were more 
than two lesser tuberosity fragments, the integrity of humeral medial calcar was poor. The positive rate of the lift-off 
test was higher in patients with lesser tuberosity comminutions 1 year after surgery. In addition, patients with more 
than two lesser tuberosity fragments and continuous destruction of the medial calcar had large variations in the 
neck-shaft angle, high DASH scores, poor postoperative stability, and poor recovery of shoulder joint function 1 year 
postoperatively.

Conclusion  The number of humeral lesser tuberosity fragments and the integrity of the medial calcar were associ-
ated with the collapse of the humeral head and the decrease in shoulder joint stability after the proximal humeral 
fracture surgery. When the number of lesser tuberosity fragments was greater than two and the medial calcar was 
damaged, the proximal humeral fracture had poor postoperative stability and poor functional recovery of the shoul-
der joint, which required auxiliary internal fixation treatment.

Keywords  Proximal humerus fracture, Locking plate fixation, Medial calcar, Lesser tuberosity

Introduction
Proximal humeral fracture is a common senile osteo-
porotic fracture, mostly occurring in elderly women 
[1–3]. With the advent of an aging society, the number 
of patients with proximal humeral fractures is increas-
ing year by year. The open reduction and internal fixation 
(ORIF) with a lateral locking plating (LLP) is currently the 
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most commonly used surgical method. However, studies 
have reported that at least 50% of proximal humeral frac-
ture patients have obvious displacements that affect the 
postoperative shoulder joint function [4, 5].

The medial cortex of the proximal humerus, the medial 
calcar, is an important stabilizing structure. Studies have 
concluded that the integrity of the medial structure is 
closely related to postoperative complications. If the 
medial cortex cannot provide effective support during 
the operation, the medial column collapse will occur even 
with the fixation of the calcar screws [6, 7]. The collapsed 
humeral head is associated with long-term postopera-
tive pain and functional limitations of the shoulder joint. 
Therefore, maximizing the restoration of the integrity of 
the humeral medial calcar is vital for proximal humeral 
fracture surgery. The lesser humeral tuberosity is located 
at the anteromedial side of the proximal humerus and is 
also the attachment point of the subscapular muscle [8]. 
Free lesser tuberosity fragments are often seen in 3-part 
and 4-part fractures. However, the anteromedial free 
lesser tuberosity fragments are usually not fixed, and few 
studies have analyzed the impact of the lesser tuberosity 
fragments on proximal humerus fracture.

The medial margin of the lesser tuberosity is connected 
to the medial calcar. Through 3D-CT reconstruction, 
it was found that lesser tuberosity comminutions were 
often accompanied by more severe medial calcar frac-
tures. Researchers have now begun to pay attention to the 
impingement of lesser tuberosity fractures on proximal 
humerus fracture treatments. By biomechanical research, 
Katthagen et  al. concluded that fixing lesser tuberosity 
helped improve the stability of proximal humerus frac-
tures [9]. However, studies on this topic are still scarce. 
There is no clinical study evaluating the influence of the 
lesser tuberosity fractures and their associated medial 
calcar fractures on the postoperative stability of proximal 
humerus fractures.

In this study, CT results, the number of fragments, 
the integrity of medial calcar, the variation of neck-shaft 
angle, and the shoulder function scores of patients were 
compared to investigate the impacts of comminuted frag-
ments of lesser tuberosity and medial calcar on postop-
erative stability. Our preliminary hypothesis was that 
comminuted fracture of the lesser tuberosity predicts 
the occurrence of destruction of medial calcar integrity. 
In addition, fragmentation of the lesser tuberosity and 
injury of the medial calcar will affect the function of the 
shoulder joint after surgery.

Materials and methods
From April 2016 to April 2021, this study retrospec-
tively analyzed elderly patients with proximal humerus 
fractures accompanied by lesser tuberosity fractures 

and medial cortical injuries, which were diagnosed by 
3D-CT reconstruction. The following patients were 
included according to the inclusion criteria: patients 
above 60  years of age with 3-part or 4-part proximal 
humeral fractures with lesser tuberosity fragments and 
medial cortical injuries; patients who were followed up 
for more than 1 year and treated with LLP in the proxi-
mal humerus. Exclusion criteria: patients admitted to the 
hospital more than 5 days after injury; patients with other 
multiple fractures or multiple injuries; patients with other 
severe shoulder joint diseases, shoulder motion, and sen-
sory deficits before the injury; patients with auxiliary 
steel cables, or any auxiliary plate fixation; and patients 
who had obvious postoperative displacements of the cal-
car screws (as the wrong placement position of the calcar 
screw may lead to the collapse of the humeral head after 
surgery, resulting in the displacement of the fractures).

All patients with proximal humeral fracture confirmed 
by emergency X-ray were then diagnosed by 3D-CT 
reconstruction to determine the type and the extent of 
fractures. The patients were scheduled for surgery within 
5 days of hospitalization and the surgeons involved were 
all orthopedic physicians from our hospital. All surgeries 
were performed by a deputy chief or chief physician. The 
surgical Approach was delto-pectoral approach. Moreo-
ver, all patients underwent open reduction and inter-
nal fixation surgery, utilizing proximal humeral locking 
plates (PHILP) for fixation. No additional fixation of the 
free lesser tuberosity fragment was performed intraop-
eratively. A standardized rehabilitation exercise process 
was adopted after the operation. The affected limb was 
immobilized in suspension for 3 weeks. Passive shoulder 
joint function exercise was carried out from the 3rd week 
to the 9th week. After 9  weeks, the active non-weight-
bearing shoulder joint activity was gradually increased. 
After 12  weeks, the shoulder joint begins to perform 
weight-bearing exercises.

In this study, all patients were diagnosed by two senior 
attending physicians in the trauma department through 
X-ray and 3D-CT reconstruction prior to the operation. 
The fracture classification, the number of bone fragments 
of the lesser tuberosity, and the continuity of medial cal-
car were evaluated and the results were recorded. The 
judgment of the number of fragments of lesser tuberosity 
is shown in Fig. 1.

Judgment of continuity of the medial calcar: virtual 
reduction based on 3D-CT reconstruction results was 
performed for all patients before the operation. If the 
patient had significant bone defects and discontinuity in 
the medial cortex after reduction, it suggested that the 
medial calcar was disrupted in this patient, and the rea-
son for which was usually the fragmentation of the cortex 
(Fig. 2).
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Stability: the postoperative stability of the patient was 
determined by the degree of collapse of the humeral 
head, which was assessed by the variation of the neck-
shaft angle observed in the radiograph of the anteropos-
terior shoulder joint. The change of the neck-shaft angle 
was measured immediately after the operation and 1 year 
after the operation, respectively. The varus angulation 
change of neck-shaft angle > 20° indicated that the patient 
experienced collapsed humeral head [10–12].

Lift-off test: the insertion point of the subscapular mus-
cle was located at the lateral edge of the lesser tuberos-
ity. Considering the postoperative injury and repair of 
the subscapular muscle, a lift-off test was performed 
12  months after the operation. Evaluation method: the 

palm of the affected limb of the patient was placed on the 
lower back and the patient was asked to rotate the arm 
inward to lift the hand off the back. The test was con-
sidered positive if the patient was unable to lift the arm 
off the back or to lift by extending the elbow or shoulder 
[13].

All statistical analyses were performed using SPSS 22.0 
statistical software (SSPS, Chicago, IL). Measurement 
data are presented as means and standard deviations. 
Data were analyzed using one-way analysis of variance 
(ANOVA), and intergroup comparisons were conducted 
using the Student–Newman–Keuls method. In all tests, 
a P value less than 0.05 was considered statistically 
significant.

Results
A total of 412 patients with proximal humeral frac-
tures participated in the study. Among them, 175 senile 
patients were diagnosed with lesser tuberosity fragments 
and medial cortex injuries by CT, including 6 with multi-
ple traumas, 3 with partial loss of motility of upper limbs 
due to pre-injury cerebral infarction, 12 with lost fol-
low-ups, 14 preoperative chronic shoulder disease, and 
9 with postoperative radiographs indicating the wrong 
placement of humeral medial calcar screws. Finally, 131 
patients were eligible for the study. The causes of inju-
ries included 102 falls at home and 29 traffic accidents. 
The age, sex, weight, length of stay, and follow-up time 
of the patients are shown in Table 1. The mean age was 
71.6 ± 7.13  years and the average follow-up time was 
15.33 ± 3.17 months.

Fig. 1  The red arrow shows lesser tuberosity fragments

Fig. 2  Observe the continuity of the patient’s medial calcar. A Preoperative 3D-CT reconstruction view. B Preoperative CT data were used for 
virtually reduced fractures. C After virtual reduction, observe whether there are disruptive bone defects in the medial side of the patient (The red 
arrow shows medial calcar fragment)
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Overall 131 patients with proximal humeral fractures 
were identified, there were 51 cases with 1 lesser tuber-
osity fragment, 23 with 2 lesser tuberosity fragments, 
and 57 with more than two fragments. 88 cases had 
integral medial calcar and 43 cases had discontinuous 
calcar. It was found that when the calcar was disrupted, 
the fragmentation of the lesser tuberosity was exacer-
bated. Besides, patients with undamaged calcar had 
relatively intact lesser tuberosity.

Patients were divided into four groups (Fig. 3). Group 
I: patients with ≤ 2 lesser tuberosity fragments and an 
intact calcar. Group II: patients with ≤ 2 lesser tuberos-
ity fragments and a disrupted calcar. Group III: patients 
with > 2 lesser tuberosity fragments and an intact cal-
car. Group IV: patients with > 2 lesser tuberosity frag-
ments and a disrupted calcar. The specific number of 
cases is shown in Table 2.

The changes in the neck-shaft angle in different 
groups were measured, and the difference between the 
groups was significant. The variations of the neck-shaft 
angle in Group IV were the greatest 1  year after the 
operation, at 13.48° ± 8.91°. The results showed signifi-
cant differences between Group IV and the other three 
groups. In addition, Group II and Group III also indi-
cated statistical differences from Group I. And there 
was no difference between Group II and Group III. 
On the other hand, results suggested that a total of 12 
patients had neck-shaft angle changes of more than 20° 
1 year after the operation accompanied by the collapse 
of the humeral head. Notably, all 12 patients belonged 
to Group IV. Details are described in Table 3 and Fig. 4.

The upper limb DASH scores and VAS scores of 
patients in different groups are shown in Table  3 and 
Fig. 3. The upper limb DASH scores in Group IV were 
significantly higher than the other three groups. The 
results indicated that the postoperative function of 
patients in Group IV was poor. However, there was no 
significant difference in VAS scores between groups 
12  months at 12  months postoperatively. Addition-
ally, according to the result of the lift-off test, the posi-
tive rate of patients in Group III and Group IV was 

significantly higher than those in Group I and Group 
II, which was related to the injury of the subscapular 
muscle.

Discussion
Proximal humeral fracture is a common osteoporotic 
fracture in the elderly. It usually occurs in low-energy 
fragility fractures. With the advent of global aging, the 
incidence of proximal humeral fracture is increasing 
every year [14, 15]. However, the treatment of proxi-
mal humeral fracture with the comminuted medial wall 
remains controversial because of the high incidence of 
postoperative complications [1, 16]. The integrity of the 
medial wall of the proximal humerus plays an important 
role in its postoperative stability and its biomechanical 
properties are similar to those of the proximal femur [12, 
17]. At present, it has been accepted that comminuted 
fracture of the medial calcar with the bone defect may 
result in the varus of the humeral head, which is the most 
common pattern of internal fixation failure [18]. ORIF 
using PHILOS plate (Synthes) is still the most commonly 
used surgical method for the treatment of proximal 
humeral fractures [19]. To prevent varus deviation of the 
humeral head, the medial calcar screws must be inserted 
along the inferior tangential direction of the medial cor-
tex to enhance fracture stability during the treatment of 
a injured medial calcar. However, in some patients, the 
medial cortex is severely disrupted and the calcar conti-
nuity cannot be maintained after reduction; or in the case 
of extremely serious osteoporosis, varus deformity of the 
humeral head may occur even after fixation with the cal-
car screws. In view of the high incidence of postoperative 
complications, some investigators have suggested that 
an adjuvant plate or fibular strutallograft (FSA) could be 
used for additional fixation in addition to PHILOS [20, 
21]. The plates can be placed in various positions, includ-
ing the anterior and medial to the proximal humerus [6, 
22]. However, the technique of anterior plate assisted 
internal fixation has rarely been described, and few stud-
ies have been performed on the effect of lesser tuberosity 
fractures and their associated medial calcar disruption on 
patients with proximal humerus fractures.

In recent studies, researchers have begun to pay atten-
tion to the role of the lesser tuberosity in the stability of 
the proximal humerus. Katthagen JC et  al. conducted a 
biomechanical study on whether the 4-part proximal 
humeral fractures were stabled by the lesser tuberosity 
fixation. The results have shown that the use of screw-
assisted fixation in the 4-part proximal humeral fractures 
was effective in improving the stability of the proxi-
mal humerus [9]. This study also demonstrated the key 
of the lesser tuberosity on the structural stability of the 
proximal humerus. In our study, a correlation was found 

Table1  Demographic data and baseline characteristics

Data are presented as mean ± SD (range) or No. of patients

Value

Age (years) 71.6 ± 7.13

Gender (male/female) 49/82

Weight (kg) 67.01 ± 4.88 (52–82)

Length of stay (day) 9.12 ± 2.03 (5–12)

follow-up (month) 15.33 ± 3.17
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Fig. 3  The A-P view and axillary view in Group I–IV
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between the comminution of the lesser tuberosity (frag-
ments > 2) and the destruction of medial calcar. The num-
ber of patients in Group I and Group IV was 98, which 
was significantly higher than in Group II and Group III. 
Considering that the medial aspect of the lesser tuber-
osity is connected with the humeral medial calcar, we 

believe that if the lesser tuberosity is comminuted and 
displaced on X-ray, it indicates the destruction of the cal-
car. In addition, when the calcar disruption, the change of 
the neck-shaft angle was 9.37° ± 3.53° for an intact lesser 
tuberosity and 13.48° ± 8.91° for a comminuted lesser 
tuberosity. Therefore, the fragmentation of the lesser 
tuberosity further predicts the occurrence of postopera-
tive humeral head collapse, which may be related to the 
following reasons. When there is lesser tuberosity com-
minution and humeral medial calcar injury, the patient’s 
fracture is severely displaced, and the anterior varus of 
the humeral head often occurs. At this point, the reduc-
tion becomes more difficult and there is a lack of support 
for the medial side of the humerus after the operation. 
However, the free tuberosity fragment was not fixed 
intraoperatively and the proximal humerus was unsup-
ported anteriorly. Besides, patients with preoperative 

Table 2  The characteristics of antero-medial fragment for 
proximal humerus fracture patients

Variable Number (%)

Humeral calcar intact/injury 88/43

Lesser tubercle fragment quantity = 1 51/138

Lesser tubercle fragment quantity = 2 23/138

Lesser tubercle fragment quantity > 2 57/138

Table 3  Comparison of the postoperative and the final follow‑up patients characteristics between groups

NSA neck shaft angle, DASH disabilities of the arm, shoulder and hand
* P < 0.05 was considered significant

Description Group

I (n = 70) II (n = 15) III (n = 18) IV (n = 28) P value

Change of NSA (°) 5.32 ± 2.91° 9.37 ± 3.53° 7.33 ± 3.71° 13.48 ± 8.91° < 0.001*

DASH score 22.41 ± 3.24 26.15 ± 3.16 25.81 ± 4.97 29.53 ± 7.04 0.011*

VAS score 1.74 ± 0.81 1.71 ± 0.90 1.51 ± 0.84 1.91 ± 1.37 0.073

Lift-off test (±) 22/48 6/11 15/3 26/2 –

Fig. 4  A The change of neck–shaft angle by different groups. B The upper limb DASH scores by different groups (*P < 0.01, **P < 0.005)
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osteoporosis have relatively slow postoperative functional 
recovery, which further aggravates the osteoporosis, and 
may lead to inadequate s postoperative screw support.

In our study, although there was no difference in VAS 
scores between groups 1  year after the operation, the 
results of DASH upper limb function scores were simi-
lar to the variations of humeral neck-shaft angle. It was 
believed that this was due to the functional impact of 
the humeral head collapse. Furthermore, regarding the 
fact that the patient’s lesser tuberosity comminution 
may lead to the injury of subscapular muscle, the posi-
tive rate of lift-off test 1 year after surgery was analyzed. 
As expected, the positive rate of lift-off test was higher in 
Group III and Group IV patients 1 year after the opera-
tion, indicating that lesser tuberosity comminution may 
affect the function of the subscapularis muscle, which 
needs further research and analysis. If the function of the 
subscapularis muscle is affected, it will not only lead to 
the loss of shoulder adduction function but also further 
lifting and pronation function. The unsatisfactory reduc-
tion of the fracture at the lesser tuberosity may affect the 
matching of the humeral head and the shoulder glenoid 
cavity, resulting in incorrect trajectory of the humeral 
head over the shoulder glenoid cavity (similar to the off-
track of Hill-Sachs injury) [23], and even the possibility 
of postoperative shoulder instability. Therefore, it is not 
sufficient to rely on the LLP solely to treat medial calcar 
disruption accompanied by lesser tuberosity comminu-
tion. The medial bone grafting combined with steel cable 
can be used to bind and fix the fractures in some patients. 
However, it may not able to completely tie the severely 
fragmented anterior lesser tuberosity fragments, and the 
anterior plate is required to assist in fixation.

The study has some limitations. First, it is a retrospec-
tive study in which some patients with relatively severe 
fractures of the lesser tuberosity opted for conservative 
treatment, while other patients with severe fractures of 
the lesser tuberosity and medial calcar were treated with 
shoulder arthroplasty, which may have altered the pro-
portion of patients in the different groups. In addition, 
the range of motion of the shoulder joint was not evalu-
ated in all patients. Future prospective investigations 
should clarify the results of this study.

Conclusion
More than two humeral lesser tuberosity fragments 
and medial calcar disruption result in significantly 
increased postoperative changes in the neck-shaft 
angle, lower postoperative stability, and higher DASH 
functional scores 1  year after surgery. In addition, 
patients with comminution of the lesser tuberosity had 
a higher lift-off test rate 1  year after surgery, indicat-
ing that the subscapularis muscle is difficult to repair 

in these patients. Therefore, after the diagnosis of com-
minuted fracture of the lesser tuberosity and medial 
calcaneal injury, a medial bone graft combined with an 
auxiliary cable or anterior-assisted internal fixation is 
recommended to reduce the incidence of postoperative 
complications.
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