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Abstract
Background: This study aims to describe a modi�ed surgical method of minimally invasive open reduction by a modi�ed suture
bridge with anchors for avulsion-type greater tuberosity fracture of the humerus and to evaluate its clinical effectiveness.

Methods: From January 2015 to January 2018, 16 patients who were diagnosed with an avulsion-type greater tuberosity
fracture of the proximal humerus and treated with minimally invasive open reduction by modi�ed suture bridges with anchors
were retrospectively studied. All patients were followed up with clinical examination and radiographs at 3 weeks, 6 weeks, 3
months, 6 months and 12 months after surgery and then every 6 months. Outcomes were assessed preoperatively and
postoperatively with the visual analog scale (VAS), the University of California Los Angeles (UCLA) shoulders score, the
American Shoulder and Elbow Surgeons score (ASES), and the range of motion (ROM) for shoulders.

Results: There were 7 males and 9 females with an average age of 44.94 years. Six fractures involved the left shoulder, and 10
involved the right shoulder. The time between injury and operation ranged from 1 to 5 days, with an average of 2.32 days. The
average length of stay was 6.5 ± 0.85 days; the mean operation time was 103.1 ± 7.23 minutes; and the mean amount of
operative blood loss was 51.88 ± 6.40 ml. All patients achieved bone union within 3 months after surgery. The VAS score
signi�cantly decreased at 3 weeks postoperatively (p = 0.002), as did the average degree of forward elevation (p = 0.047). The
mean degree of abduction increased at 6 weeks after the operation (p = 0.035), and the average degree of external rotation and
internal rotation improved at 3 months postoperatively (p = 0.012; p = 0.007). The ASES score and the UCLA score improved at
the 6-week follow-up (p = 0.092; p = 0.029). No procedure-related death or incision-related super�cial or deep tissue infection
was identi�ed in any case. No iatrogenic neurovascular injuries or fractures were found in this study.

Conclusion: The fracture block was �xed �rmly by minimally invasive open reduction with a modi�ed suture bridge with
anchors. Patients were allowed to move their shoulder early after surgery and recovered quickly. It is an e�cient method for the
treatment of avulsion-type greater tuberosity fractures of the humerus.

Introduction
Proximal humerus fractures are the most common injuries, accounting for approximately 5% of total body fractures [1]. Greater
tuberosity fractures, as a very special type of proximal humeral fracture, account for approximately 20% of proximal humeral
fractures [2, 3] and are often accompanied by different degrees of rotator cuff injury because the humeral greater tubercle is the
attachment point of the rotator cuff, which often pulls the fractured fragments to separate and shift after avulsion.

Treatment for the fracture of humeral great tubercle can be classi�ed into conservative and surgical types. At present, most of
greater tuberosity fractures can be treated by conservative management, but some of them still have poor prognosis, which is
due to full-thickness rotator cuff tears associated with the tubercule fracture [3,4], often resulting in shoulder joint pain,
movement limitation, acromion impingement, limb weakness and other functional disorders [5]. Although the surgical indication
for fractures of the humeral greater tubercle is still controversial, most surgeons suggest that if the fracture displacement is
more than 5 mm, surgical treatment will be recommended [6]. At present, the main surgical procedures for simple avulsion
fractures of the humeral greater tubercle are screw �xation, suture anchor �xation, and plate �xation [3]. Among them, open
reduction and internal �xation with plates is widely used, but several problems, such as a larger incision, more damage to blood
circulation and periosteum, in�uence on fracture healing, and acromion impingement will be encountered [7]. Compared with
conventional plates, locking plates bring important changes in fracture management, allowing �exible biological fracture
�xation based on the principle of internal �xators and reducing the incidence of failed bone healing [8, 9]. However, several
studies have shown a higher than expected incidence of plate �xation complications associated with ischemic necrosis,
delayed healing, malunion, nonunion, and implant failure [10, 11]. In particular, the incidence of screw-related mechanical
complications, such as screw perforation, cutoff, screw rotation, and loosening, should not be overlooked [12]. Cannulated
screws and washers in the treatment of humeral greater tubercle fractures have the advantages of simple procedures and short
operation times, as well as �rm �xation of bone mass, but the incidence of postoperative stiffness and pain is higher [13], and
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these are not suitable in osteoporosis patients because the bone of the greater tubercle tends to be fragile and prone to further
commination [14].

The technique of double-row anchor suture under arthroscopy is expensive and complicated to perform. In addition, as a
postoperative complication, inadequate reduction can lead to postoperative stiffness due to the di�culty of adequate reduction
and �xation of severely displaced fracture fragments with wire anchors [15]. To reduce surgical complications and provide
better treatment for patients, we have been inspired by the repair of rotator cuff injuries using the suture bridge technique to �x
fractures of the great tubercle of the humerus through a modi�ed minimally invasive small incision under direct vision.

The purposes of this study were to 1) present a modi�ed minimally invasive surgical technique for the treatment of avulsion
fractures of the greater tuberosity of the humerus and 2) evaluate the clinical outcomes of 16 patients, including restoration of
work activity, ROM and strength, and patient-based function.

Materials And Methods
Study population

Inclusion criteria were as follows: 1) Imageological examinations of the shoulder, such as: X-ray, CT (computed tomography) or
MRI Magnetic Resonance Imaging), showing avulsion fracture of the greater tuberosity, assessed according to the
classi�cation system of Mutch et al. [16]; 2) closed fracture; 3) fresh fractures (no more than 3 weeks before surgery); 4) all
cases followed up for more than 1 year.

The exclusion criteria were as follows: 1) split fracture and compressed fracture of the humeral greater tubercle; 2) fracture of
the humeral greater tubercle associated with proximal humerus fracture; 3) shoulder joint dysfunction before admission; 4)
greater tubercle fracture of the humerus combined with brachial plexus injury.

Between January 2015 and January 2018, 16 patients with avulsion fractures of the humeral greater tuberosity were referred to
our hospital.

Radiologic assessment

For radiologic evaluation, avulsion fractures of the humeral greater tuberosity were diagnosed preoperatively by X-ray (Fig. 1A),
axial CT scan (Fig. 1B), coronal CT scan (Fig. 1C), and three-dimensional reconstruction image (Fig. 1D) of the humerus.
Fragment size and displacement were measured by the longest fracture line observed on coronal and axial views on CT. After
surgery, true anteroposterior views (neutral, 20°of external rotation, and axillary) were taken at 3 weeks, 6 weeks, 3 months, 6
months and 12 months.

Operative procedures

The operation was performed under general anesthesia in a 20° beach chair position. A 3 cm longitudinal skin incision was
made from the anterolateral angle of the acromion. The deltoid muscle was dissected bluntly to expose the subacromial bursa.
Supraspinatus and infraspinatus muscle avulsion fractures, great tubercle area fractures, multiple fracture fragments and
rotator cuff lacerations were observed (Fig. 2A). The broken end of the bone was then cleaned, and the free bone fragments
were removed. Two 5.0 mm anchors were inserted into the cartilaginous margin of the humeral head, and then the anchor lines
were passed through the rotator cuff tissue and knotted (Fig. 2B). Kirschner wire was used for temporary �xation of the greater
tubercle fracture fragments, and a bone tunnel of appropriate length was drilled at the distal outer edge of the fracture line at
approximately 5-10 mm, according to the size of the fracture fragment. The large tubercle fracture was reduced and �xed by the
suture bridge technique, and the torn rotator cuff tissue was repaired. Intraoperative �uoroscopy showed the position of the
anchors and the reduction of the fracture (Fig. 2C). Fig. 3 shows a schematic diagram of the main points of the surgical
procedure.

Postoperative rehabilitation



Page 4/14

The arm was immobilized with a brace for 4 weeks in a neutral position to prevent internal rotation. After 4 weeks, passive ROM
exercises including table sliding and stretching exercises, in addition to forward �exion in the supine position, were encouraged
(preferably performed during or after a hot bath or shower). After 8 weeks, postoperative stiffness was assessed during ROM
exercises.

Functional assessment

All patients were followed up with clinical examination at 3 weeks, 6 weeks, 3 months, 6 months and 12 months after surgery
and then every 6 months. Visual analog scale (VAS) for pain assessment, American Shoulder and Elbow Surgeon (ASES) Score,
University of California Los Angeles (UCLA) Shoulder score, and ROM of the joint were used to assess the function of the
affected shoulder joint. Active joint range of motion is measured based on the forward �exion of the scapula plane and the
external and internal rotation of the lateral arm. Internal rotation is estimated by determining the highest spinal segment the
patient can reach with the thumb. For ease of statistical analysis, spinal segments were converted into numbers: segments T1
through T12 were designated as 1 through 12, segments L1 through L5 were designated as 13 through 17, and the sacrum was
designated as 18 [17, 18]. The pain scale, shoulder function score, and active ROM were assessed by an independent reviewer.

Statistical analysis

IBM 20.0 statistical software (International Business Machines Corporation, Ar. monk, New York, USA) was used for statistical
analysis. Parametric data, such as VAS, ASES and UCLA scores, are described as the mean ± SEM and were compared using
Student’s t-tests. Proportional values were compared using χ2 analysis or Fisher’s exact test where applicable. For each test, a P
value < 0.05 was de�ned as signi�cant.

Results
Patient demographic characteristics

The 16 patients comprised 7 men and 9 women, with an average age of 44.94 years (range, 20-65 years). The mechanism of
injury was falls in 9 patients, tra�c accident injuries in 4 patients, and crash injuries in 3 patients. Six fractures involved the left
shoulder, and 10 involved the right shoulder. The time between injury and operation ranged from 1 to 5 days, with an average of
2.32 days. There were 7 patients with other diseases. One patient had a right clavicle fracture, 1 patient had a left tibia and
�bula fracture, and 1 patient had a left radius fracture. The patients’ demographic data are listed in Table 1.

 

Radiologic outcomes and Operative records

As shown in Table 2, the height and width of the fracture fragments were 22.69 ± 1.88 mm (range, 10-33 mm) and 16.94 ± 1.71
mm (range, 8-26 mm), respectively, with an average displacement of 19.75 ± 2.05 mm (range, 5-30 mm).

The average length of stay was 6.5 ± 0.85 days (range, 4-15 days); the mean operation time was 103.1 ± 7.23 minutes (range,
60-150 minutes); and the mean amount of operative blood loss was 51.88 ± 6.40 ml (range, 30-100 ml)(Table 2).

1 day after operation, the radiography and CT demonstrated a good reduction in the greater tuberosity (Fig. 4A, 4B, 4C), and the
fracture has healed 1 months after surgery (Fig. 4D).

 

Follow-up result

The mean follow-up time of patients was 16.31 ± 1.01 months (range, 12-24 months). Plain radiographs or CT scans
demonstrated that 16 cases had solid fusion 3 months after surgery. At the time of follow-up (Table 3), the forward elevation
was signi�cantly improved at 3 weeks, from 65.63 ± 1.82° preoperatively to 71.88 ± 2.41° postoperatively (p = 0.047). The
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average degree of external rotation improved from 9.38 ± 1.93° preoperatively to 15 ± 2.19° at 3 months postoperatively (p =
0.012). The mean degree of internal rotation improved from 17.56 ± 0.16° preoperatively to 16.81 ± 0.21° at 3 months
postoperatively (p = 0.007). The mean degree of abduction increased from 48.13 ± 2.09° to 56.88 ± 3.38° at 6 weeks after the
operation (p = 0.035). The average VAS score signi�cantly decreased from 6.19 ± 0.21 points preoperatively to 5.19 ± 0.21 at 3
weeks postoperatively (p = 0.002). The ASES score was signi�cantly improved at 6 weeks, from 38.69 ± 2.03 points to 43.56 ±
1.93 points (p = 0.092). The mean UCLA score improved from 9.94 ± 0.52 points to 11.5 ± 0.44 points at the 6-week follow-up (p
= 0.029). The mean VAS score measured at 12 months postoperatively was 0.63 ± 0.22; UCLA score was 29.75 ± 0.90; and
ASES score was 89.81 ± 1.69. The mean active forward �exion, external rotation, abduction and internal rotation of vertebral
levels were 138.1 ± 2.23°, 33.44 ± 2.53°, 140.6 ± 3.35° and 13.31 ± 0.25, respectively.

None of the patients developed super�cial or deep infections in the surgical site, and there were no wound healing problems in
any patients. No sensory loss in the upper arm or shoulder associated with the axillary nerve or displacement was observed
among patients in this group during the surveillance period. No procedure-related death was observed in any case.

Discussion
The greater tuberosity of the humerus is the bony protrusion of the proximal lateral part of the humerus. It is the insertion point
of the supraspinatus, infraspinatus and teres minor tendons. After the fracture of the greater tuberosity of the humerus, the
fracture block is often displaced posteriorly and upward by the muscle pull, which easily causes acromial impingement
syndrome and is often accompanied by rotator cuff injury. If the fracture is not properly reduced, the supraspinatus,
infraspinatus or teres minor may be shortened. Muscle strength may also be weakened, which seriously affects the function of
the shoulder joint [19]. In addition, the biomechanical test [20] showed that the deltoid force required for abduction of the
shoulder joint increased from 116% to 127% when the greater tubercle fracture was displaced by 5-10 mm. While the required
abductive force increased by 29% when the fragment was displaced by > 1 cm, active surgical treatment should be used for
humeral greater tubercle fractures with displacement over 5 mm. For the patients in this study, the average displacement of
fracture blocks was 19.75 ± 2.05 mm (5-30 mm), and only surgical treatment could provide adequate �xation and accurate
reduction of the fracture block, which is conducive to the recovery of normal anatomical structure and promotes the rapid
recovery of shoulder joint function.

When selecting the optimal surgical �xation strategy for fractures of the greater tuberosity of the humerus, the deforming force
caused by rotator cuff muscle elongation should be taken into account. The supraspinatus, infraspinatus and teres minor are
inserted into the greater tuberosity of the humerus, and their coupling force plays a crucial role in the function of the shoulder
joint. Ogawa et al. [21] reported that most fractures of the greater tubercle of the humerus (57%) involved both the
supraspinatus and infraspinatus facets, leading to superior and posterior greater tubercle displacement. With an intact
infraspinatus tendon, posterior displacement is particularly important to note because it is often underestimated. On the other
hand, Mutch et al. [16, 22] found that 20% of the fracture blocks of the greater tuberculum shifted downward, and in the study of
Bahrs et al. [23], the displacement was up to 25.2%, which suggested that it might be caused by the direct downward force or
the impact of the greater tuberculum with the acromion during extreme abduction of the upper limb. In addition, in the case of
anterior dislocation of the shoulder, the shear force at the glenoid margin can also lead to greater tuberosity fractures. The
suture bridge technique covers the fracture block with the high-strength thread at the end of the anchor, which can effectively
disperse the shear force and torsion force of the suture line and obtain satisfactory suture and �xation effects. The network
structure formed by the high-strength thread crossing is able to �rmly �x the avulsion bone and rotator cuff. Lin et al. [24]
reported that the supraspinatus muscle has obvious superiority to the traction tension of the greater tuberosity fragment using
suture bridge in comparison to tension screw �xation. The fracture fragment covered 100% of the rotator cuff footprint by
suture bridge technique. It not only reduces the tension of the supraspinatus muscle, but also provides maximum contact area,
which increases the �xation strength of the fracture block and decreases gap formation.

 In this study, clinical examination was conducted at 3 weeks, 6 weeks, 3 months, 6 months and 12 months after surgery and
then every 6 months to observe the effect of our technique. Figure 4 showing good reduction of the greater tuberosity and �rmly
�xed of the fracture mass. Operative records (Table 2) and follow-up results (Table 3) showed that the surgical trauma was
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small, postoperative complications were few, pain was light and recovery was quick. It has achieved good therapeutic results
and brought great bene�ts to patients. Minimally invasive open reduction by a modi�ed suture bridge with anchors are
conducive to reconstruct the original footprint area of rotator cuff. and allows increase surface and �xation area.
Simultaneously, our technique allows for a broad contact surface and �xation area, the stability of the greater tuberosity was
enhanced, which was bene�cial for fracture union and conducive to early functional exercise. Additionally, we found that a more
even distribution of load was provided by the four �xation points, which can disperse the stress, reduce the reduction and loss,
and is conducive to the recovery of rotator cuff function.

The double-row anchor bridge suture technique has been widely used in arthroscopic surgery. Compared with traditional
surgical methods, it has better biomechanical advantages for repairing rotator cuff injuries and �xing fractures of the greater
tubercle [15]. However arthroscopic surgery also has some limitations, including complicated operations and longer operation
times that will increase the potential risk of surgery; surgeons must have a higher learning curve [25]. It has also been reported
that arthroscopic double-row anchoring is unlikely to adequately reduce and repair severely displaced fracture fragments and
even damage the rotator cuff [26]. Using minimally invasive open reduction with suture bridge technology can overcome the
disadvantages of cancellous bone screw �xation and steel plate internal �xation, reduce the risk of implants �xed weakly or
loosely, avoid secondary operations to remove the screw and plate internal �xation and decease the cost compared with
arthroscopy. This technique is more bene�cial to the good reduction of bone mass and the examination and repair of rotator
cuff injury through limited incision and direct vision operations.

Rouleau et al.[3] presented a similar surgical approach to ours. Three anchors may be used by them in the proximal row, two
anchors or an interference screw placed distal to the fracture bed make up the distal row. Unlikely them, a bone tunnel of
appropriate length was drilled by us at the distal outer edge of the fracture line at approximately 5-10 mm, according to the size
of the fracture fragment. Clearly, both techniques use the suture bridge technique to cover the fracture block 100% of the rotator
cuff footprint, providing maximum contact area and increasing �xation strength of the fracture block. However, our technique
eliminates the use of knotless anchors, which not only saves the cost of implants, but also reduces the rejection reaction of
some patients with external anchors and reduces the risk of surgical infection. For some patients with osteoporosis, the use of
knotless anchors also carries the risk of anchors extraction, leading to failure of �xation. In addition, in the process of
positioning and inserting the knotless anchor, there are more operation steps, operation time and operation growth curve are
longer. Although there is a possibility of suture cut-out with our surgical approach to bone tunnel, our follow-up results (Table 3)
indicate that the e�cacy of this technique is reliable.We have more than three sutures through the bone tunnel, and by selecting
the right location of the bone tunnel, so we can reduce the pressure and reduce the risk of suture cut-out. In short, our technique
not only has good effect, but also has fewer implants, lower cost, simpler operation and easier promotion in comparison to their
technique.

However, this technique is only suitable for avulsion fracture of the greater tubercle of the humerus. The greater tuberosity
fractures were classi�ed into 3 types based on analyzing 199 cases by Mucth et al.[16] in 2014, including avulsion type (smaller
fracture mass, horizontal fracture line) , crackle type (larger fracture mass, vertical fracture line) and compression type (internal
displacement of fracture mass into the cancellous bone). The classi�cation of greater tuberosity fractures helps to analyze the
mechanism of injury, guide the treatment and evaluate the prognosis. In this study, the average height and width of the fracture
blocks were 22.69±1.88mm (10-33mm), 16.94±1.71mm (8-26mm). Due to relatively small fracture fragments, it is di�cult for
hollow screws to �x avulsion fracture blocks. The avulsion fracture block is often located above the greater tuberosity, and the
plate cannot be selected in the proper position, which leads to more complications and even failure of �xation. However, the
split fracture block is so large that di�cult to maintain the stability of the fracture fragment only by suture bridge technology.
And the compression fracture block is relatively stable, and conservative treatment is generally adopted.

Several notes should be considered when using this technique. 1) When repairing the rotator cuff, the footprint area should be
covered by 100% to provide more contact area while reducing local tension. It could increase the strength of �xation and
enhance the strength of repair tendon. 2) For greater tuberous humeral fracture with a large fracture block, the anchors should
be placed 5-10 mm from the most lateral margin of the fracture. It can not only prevent iatrogenic fracture caused by the anchor
too close to the lateral edge of the large fracture block, but also prevent the failure of the anchor. 3) The outlet position of the
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anchor and suture should be in the same plane to avoid the suture being wedged between the bone blocks, which could affect
the fracture. 4) When the suture is �xed, the tightness should be moderate to maintain a certain tension on the rotator cuff.

Our study has some limitations. First, this retrospective study had no control group using other �xation techniques, such as
locking compression plates or arthroscopic �xation. Second, the sample size was small, with only 16 cases and a follow-up
time of no more than 2 years. Therefore, the next step is to continue to accumulate more samples and longer follow-up cases
and to set up a control group using other treatment methods to evaluate the effect of minimally invasive open reduction and
suture bridge techniques for the treatment of humeral greater tubercle fractures.

Conclusion
This study highlights that minimally invasive open reduction by a modi�ed suture bridge with anchors for avulsion-type greater
tuberosity fracture of the humerus yielded an acceptable clinical result, which was �xed �rmly and allowed patients early
passive shoulder movement postoperatively. It is an e�cient and reliable method for the treatment of avulsion-type greater
tuberosity fractures of the humerus.
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Tables
Table 1. The patients’ demographic data
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Patients Sex Age MBI Complications Other fractures Inducement Side Time
between
injury and
operationHBP DM CHD Others

1 F 63 22.86 No No No COPD No fall injury R 1

2 F 52 27.66 No No No No No fall injury L 2

3 F 62 20.57

 

Yes

 

Yes

 

No

 

No

 

Right clavicle
fracture

crash injury

 

R

 

2

 

4 M 25 23.62 No No No No No tra�c
accident

L 2

5 M 50 22.65 No No Yes CVA No crash injury L 1

6 M 44 20.33 Yes No No No No fall injury L 2

7 M 49 23.95 No No No No No fall injury R 2

8 F 28 22.87 No No No No No fall injury R 2

9 F 30 25.69 No No No No No fall injury R 2

10 F 46 21.61 No No No No No fall injury L 4

11 M 53 23.69 No Yes No No No tra�c
accident

R 2

12 M 20 26.33

 

No

 

No

 

No

 

No

 

Left tibia and
�bula fracture

tra�c
accident

 

L

 

5

 

13 F 30 28.57 No No No No No crash injury R 2

14 F 65 21.50 No No No No No tra�c
accident

R 1

15 M 41 28.78 No No No HCV No fall injury R 2

16 F 61 29.33

 

Yes

 

No

 

No

 

No

 

Left radius
fracture

fall injury

 

R

 

5

 

F, Female; M, Man; COPD, Chronic Obstructive Pulmonary Disease; CVA, Cough Variant Asthma; HCV, Hepatitis C Virus; R, Right;
L, Life.

 

Table 2. The data of fragments and intraoperative
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Patients Height
of the fragments
(mm)

Width of the
fragments (mm)

Displacement
(mm)

Operative
time (min)

Bleeding
volume (mL)

Length of
stay (day)

1 15 25 10 2 100 4

2 20 19 15 1 50 4

3 30 8 5 1.5 50 4

4 10 26 20 1.5 30 6

5 33 8 30 1.5 30 5

6 25 10 16 3 30 4

7 17 19 20 1 50 5

8 33 9 15 2.5 100 6

9 26 15 30 2 50 6

10 30 10 26 2 30 15

11 19 22 30 2 50 14

12 20 24 8 2 100 9

13 28 15 25 2 50 6

14 16 23 14 1.5 30 5

15 12 26 24 1 50 7

16 29 12 28 1.5 30 4

 

Table 3. Postoperative outcome of patients

Evaluation
items

Preoperative 3 weeks

postoperatively

6 weeks

postoperatively

3 months

postoperatively

6 months

postoperatively

12 months

postoperatively

VAS 6.19 ± 0.21 5.19 ± 0.21* 3.81 ± 0.16* 2.38 ± 0.20* 1.0 ± 0.20* 0.63 ± 0.22*

Forward
Elevation(deg)

65.63 ± 1.82 71.88 ± 2.41* 77.81 ± 2.12* 95.31 ± 1.91* 116.3 ± 2.07* 138.1 ± 2.23*

External
rotation (deg)

8.13 ± 1.36 9.38 ± 1.93 10.94 ± 2.1 15 ± 2.19* 27.81 ± 2.28* 33.44 ± 2.53*

Abduction
(deg)

48.13 ± 2.09 50.63 ± 2.66 56.88 ± 3.38* 82.5 ± 3.10* 108.8 ± 3.52* 138.8 ± 2.72*

Internal
rotation

17.56 ± 0.16 17.44 ± 0.16 17.19 ± 0.16 16.81 ± 0.21* 15.19 ± 0.23* 13.31 ± 0.25*

ASES 38.69 ± 2.03 40.13 ± 2.05 43.56 ± 1.93* 58.69 ± 1.82* 74.44 ± 1.98* 89.81 ± 1.69*

UCLA 9.94 ± 0.52 10.19 ± 0.65 11.5 ± 0.44* 14.69 ± 0.51* 22.25 ± 0.64* 29.75 ± 0.90*

VAS, Visual Analogue Scale; deg, degree; ASES, American Shoulder and Elbow surgeons score; UCLA, University of California
Los Angeles score; * Means signi�cant (P value < 0.05), the Parameters in different follow-up period after operation were
compared with those preoperatively.
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Figures

Figure 1

Imaging examination showed signi�cant displacement of the fracture block of the humeral greater tubercle of the patient. A)
Shoulder joint X-ray orthotopic �lm; B) axial CT scan, C) coronal CT scan, D) three-dimensional reconstruction image of the
humerus.
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Figure 2

Intraoperative operation and perspective. A) Avulsion fracture of supraspinatus and infraspinatus stopper, greater tubercle
fracture, multiple fracture fragments, rotator cuff tear. B) The anchor lines were passed through the rotator cuff tissue and
knotted. C) Intraoperative �uoroscopy showed a good reduction of the fracture block.

Figure 3

A schematic diagram of the operation process. A) Two 5.0 mm anchors were inserted into the cartilaginous margin of the
humeral head, and then the anchor lines were threaded through the rotator cuff tissue. B) Kirschner wire was used for temporary
�xation of the greater tubercle, and a bone tunnel of appropriate length was drilled at the distal outer edge of the fracture line at
approximately 5-10 mm, according to the size of the fracture block. C) The greater tubercle fracture block was reduced and �xed
by the suture bridge technique to repair the torn rotator cuff tissue (because there should not be too many knots, the number of
suture should be used according to the size of the fracture fragment. Generally, 3 suture can be �rmly �xed for avulsion greater
tubercle fracture of the humerus).
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Figure 4

Postoperative radiograph and CT showing good reduction of the greater tuberosity. Fracture block alignment was good 1 day
after surgery, A) shoulder joint X-ray orthotopic �lm; B) axial CT scan; C) coronal CT scan. D) The patient achieved bone union 1
months after surgery.


