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Introduction: This study aimed to compare the efficacy of three methods for isolated greater tuberosity fractures of the humerus.
Methods: A retrospective review of patients with isolated humeral greater tuberosity fractures between January 2013 and June 2021
in our institution. We recorded data on patient demographics, injury characteristics, preoperative and postoperative imaging findings,
length of incision, operative time, and intraoperative blood loss.

Results: A total of 107 patients met the inclusion criteria and were divided into three groups. 50 patients in group A were administered
a proximal humeral internal locking system (PHILOS) plate fixed using the deltopectoral approach, 26 patients in group B were
administered a PHILOS plate fixed using the deltoid-splitting approach, and 31 patients in group C were administered a novel
anatomical plate fixed using the deltoid-splitting approach. No significant differences were identified in sex, age, injury mechanism,
type of fracture, dominant side limb, or shoulder anterior joint dislocation. However, the operative time, blood loss, and the length of
incision was shorter than in Group C. Moreover, pain was evaluated on the third and fifth days after surgery; pain was lower in Group
C, and pain at the last follow-up was not different between the groups. No significant differences were identified in the Constant score,
DASH score, and ROM at the last follow-up. 2 patients were diagnosed with subacromial impingement, 1 in Group A one in Group B,
and 1 patient in Group B experienced axillary nerve injury after surgery.

Conclusion: The novel anatomical plate fixed using the deltoid-splitting approach can achieve good results in the treatment of
isolated humeral greater tubercle fractures with less blood loss, shorter operative time, and shorter surgical incisions, and can relieve
pain in the early postoperative period.

Keywords: PHILOS plate, a novel anatomical plate, deltopectoral approach, deltoid-splitting approach, greater tuberosity fracture of
humerus

Background

Proximal humerus fractures are common injuries in the upper extremity, and isolated greater tuberosity fractures account
for approximately 20% of all proximal humeral fractures.'* The most common indication for nonsurgical treatment of
isolated greater tuberosity fractures is <5 mm of displaced fragments, and it is also accepted that fragments displaced
>5 mm are considered for surgical treatment.>* Park recommended that displacement is >3 mm should be treated by
surgical fixation in athletes or overhead workers.” There are several fixation techniques to treat greater tuberosity
fractures, including screw fixation, plate fixation, tension banding, transosseous suture, and arthroscopic double-row
suture anchor fixation. According to biomechanical experiments, many surgeons believe that plate fixation is a more

effective method, especially in elderly patients with osteoporosis.®
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The commonly used plate is the proximal humerus internal locking system (PHILOS) plate. There are two common
approaches for open reduction and internal fixation of isolated greater tuberosity fractures: the deltopectoral approach and
the deltoid-splitting approach, which is called the minimally invasive plate osteosynthesis (MIPO) technique. Because
the PHILOS plate is relatively long, the deltopectoral approach is most commonly used. However, this approach may
have shortcomings, such as excessive exposure and significant scarring. This can cause additional pain and
a psychological burden to the patient. Therefore, some surgeons have attempted the deltoid-splitting approach because
of its special anatomical structure, and some patients had symptoms of axillary nerve injury.”® Related cadaveric
experiments also confirmed that the deltoid-splitting approach could increase the risk of axillary nerve injury.’ In recent
years, with the development of internal fixation systems, a novel anatomical plate of the greater tuberosity was designed.
This plate is smaller than other available PHILOS plates available and is specifically used for the treatment of greater
tuberosity fractures. It can completely cover the greater tuberosity and fix fragment rigidly.'® This also provides an
opportunity for the safe adoption of the deltoid splitting approach. However, there is a lack of relevant studies. The main
objective of this study was to compare the efficacy of the three surgical methods in the treatment of isolated fractures of
the greater tuberosity of the humerus.

Patients and Methods

We retrospectively analyzed all patients with isolated greater tuberosity fractures who were treated at our institution
between January 2013 and June 2021. Permission for this study was obtained from the Medical Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong First Medical University.

Inclusion and Exclusion Criteria
The inclusion criteria in this retrospective study were as follows: 1) patients were diagnosed with greater tuberosity
fracture on radiological examination; 2) age > 16 years; 3) time from injury to operation less than three weeks; 4)
fragments fixed by plate (PHILOS plate or novel anatomical plate); 5) no previous shoulder joint injury or surgery;
and 6) patients with a follow-up time >12 months.

The Exclusion criteria were as follows: 1) age < 16 years; 2) open fracture; 3) combined vascular and nerve injury; 4)
time from injury to operation more than three weeks; 5) non-operative treatment.

Data Collection

The patients were divided into three groups according to the surgical method. We collected the following data for each
patient: sex, age, fracture type, cause of injury, shoulder joint dislocation (yes or no), dominant limb (yes or no), surgical
method, time of operation, blood loss, length of incision, rotator cuff injury (yes or no), days of hospital stay, and follow-
up time. Several classifications exist for greater tuberosity fractures. We used the Mutch system to classify bony injuries.
Briefly, three fracture types were described: avulsion, split, and depression.'!

Surgical Procedure
All patients were performed general anesthesia and were placed in a beach chair position.

Group A (PHILOS plate fixed using the deltopectoral approach): A skin incision was made from the coracoid process
and extended to the middle and distal ends of the deltoid. The cephalic vein was separated and pulled laterally to expose
the space between the deltoid and the pectoralis major. The shoulder joint was rotated to expose the fragment, clear the
hematoma, and reduce the fragment, and the fragment was fixed with a PHILOS plate (DePuy Synthes, West Chester,
PA, USA) (Figure 1A).

Group B (PHILOS plate fixed using the deltoid-splitting approach): A skin incision was made from the acromion and
extended less than 5 cm. The deltoid fibers were split at the juncture of the anterior and middle deltoids. The deltoid was
split by less than 4-5 cm, and care was taken to avoid axillary nerve injury. After the greater tuberosity of the humerus
was exposed, the hematoma was cleared, the fragment was reduced, and a K-wire was used to fix the fracture fragment
temporarily. The index finger, introduced into the rent of the deltoid, cleared the space between the deltoid and the bone.
The axillary nerve is perceived as a cord-like structure at the deep aspect of the deltoid and is protected by the index
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Figure | (A) PHILOS plate fixed by deltopectoral approach. (B) PHILOS plate fixed by deltoid-splitting approach. (C) A novel anatomical plate fixed by deltoid-splitting
approach.

fingertip during manipulation through the proximal window. A distal lateral skin incision of 2 cm was made, approxi-
mately 4 cm from the proximal incision. A PHILOS plate (DePuy Synthes, West Chester, PA, USA) was inserted from
proximal to distal and used to fix the fragments (Figure 1B).

Group C (a novel anatomical plate fixed by the deltoid-splitting approach): As previously mentioned in group B,
a proximal incision was used to expose the fragment, a distal incision was not required, and a novel anatomical plate
(Double Medical Technology Inc., Xiamen, China) was used to fix the fragments (Figure 1C).

Intraoperative radiographs were used to elevate the quality of fracture reduction, and the rotator cuff was explored and
repaired if there were any injuries. Antibiotics were routinely administered 24 h after surgery. For the first three weeks,
all patients suspended their upper limbs and underwent mild passive activities. After 3 weeks, the patient was encouraged
to participate in activities of daily living, such as washing the face, brushing teeth, and combing hair. Active shoulder
training was initiated at 6 weeks. Intensive exercise was permitted from 12 weeks.

Follow-Up and Postoperative Evaluation

Patients were followed-up in the outpatient clinic at 1, 3, and 6 months after surgery and every 6 months thereafter.
Radiographs were used to evaluate the radiological outcomes after surgical treatment. Complications including infection,
axillary nerve injury, shoulder redislocation, skin numbness, loss of reduction, and implant loosening were also
documented. The visual analog scale (VAS) score system was used to evaluate pain at the third, fifth, and last follow-
up. The Constant score was used to evaluate the shoulder function at the last follow-up. The Constant score results were
categorized as excellent (86—100), good (71-85), moderate (56—70), and poor (0-55). We also used the Shortened
Disabilities of the Arm, Shoulder and Hand Questionnaire (Q-DASH) score, a 30-item, self-reported instrument, to
evaluate the physical function of the upper limb at the last follow-up. DASH score was graded as excellent (0-24), good
(25-49), moderate (50-74), or poor (75-100). At the final follow-up, ROM including forward flexion, abduction, and
external rotation at the neutral position were measured, whereas internal rotation was determined using the vertebral-
level method (Figures 2—4).'? Radiographs and functional evaluations were performed by two experienced musculoske-
letal surgeons who did not participate in the surgeries. Both observers achieved an exact agreement when evaluating all
images. Complications were observed in all the patients.

Statistical Analysis

The data were initially analyzed using descriptive statistics (mean £+ SD or absolute value and percentage). For continuous
data, only parameter-free testing (Mann—Whitney U-test or Wilcoxon signed-rank test) was used because of the small sample
size and the presence of outliers. The chi-square test was used to compare count data, and the one-way ANOVA test was used
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Figure 2 Male, 48 years old, falling caused left greater tuberosity split fracture. (A) Preoperative X-rays. (B) CT scan showed greater tuberosity split fracture. (C) PHILOS
plate fixed by deltopectoral approach. (D) X-rays at | d, | month, 3 months, and | year postoperatively. (E) The functional assessment at last follow-up.

for multiple comparisons. A two-sided significance value of 0.05 was used for all statistical tests. All statistical analyses were
performed with SPSS Statistics (Version 28.0; IBM).

Results

During the study period, 107 patients with isolated greater tuberosity fracture were treated at our institution. Fifty patients
were treated with the PHLIOS plate using the deltopectoral approach (Group A), 26 patients were treated with the
PHILOS plate using the MIPO technique (Group B), and 31 patients were treated with a novel anatomical plate using the
deltoid-splitting approach (Group C). There were 31 males and 19 females in Group A, 17 males and 9 females Group B,
and 20 males and 11 females in Group C; the ratios were similar. The average age was 43.94+10.73, 42.92+7.25 and
43.84+8.80, respectively. The primary mechanism of injury falls in all groups, accounting for 50%, 50%, and 45% of the
cases. Most of the patients had injuries on the dominant side. 16% (n=8), 15% (n=4), and 16% (n=5) of patients had
combined shoulder joint dislocations, all of which were anterior dislocations. According to the Mutch system, split
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Figure 3 Male, 40 years old, falling caused left greater tuberosity split fracture. (A) Preoperative X-rays. (B) CT scan showed greater tuberosity split fracture. (C) PHILOS
plate fixed by deltoid-splitting approach. (D) X-rays at | d, | month, 3 months, and | year postoperatively. (E) The functional assessment at last follow-up.

fractures are the most common type of fracture. There were no significant differences among the three groups in terms of
average age, sex composition, mechanism of injury, dominant limb, shoulder joint dislocation, and type of fracture. The
epidemiological data are summarized in Table 1.

In the record, the operative time for Group A was 64.81£6.72 min, with blood loss of 88.08+16.18 mL, length of
incision was 15.35+0.68 cm. The operative time for the Group B was 61.82+4.41 min, with blood loss of 83.64
+16.66 mL, length of incision was 9.27+0.96 cm. The operative time for the Group C was 50.38+4.58 min, with
blood loss of 55.38+10.09 mL, length of incision was 4.54+0.50 cm. There was a significantly shorter operative time, less
blood loss, and shorter incision length in Group C than other two groups. There were no significant differences in
hospital stay and follow-up time between the three groups. The numerically obtained data are presented in Table 2.

The VAS scores on third day after operation was 7.0+0.62 in Group A and 6.64+0.64 in Group B, with significant
difference. On the fifth day, the VAS score was 6.38+0.60 in Group A and 5.55+0.50 in Group B, there was significant
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Figure 4 Female, 37 years old, falling caused left greater tuberosity split fracture. (A) Preoperative X-rays. (B) CT scan showed greater tuberosity split fracture. (C) A novel
anatomical plate fixed by deltoid-splitting approach. (D) X-rays at | d, | month, 3 months, and | year postoperatively. (E) The functional assessment at last follow-up.

differences between + two groups. The VAS score on the third and fifth day after operation was 5.54+0.75 and 3.85+0.66
in Group C, it was significantly lower than the other two groups. However, VAS scores at the final follow-up were not
significantly different. The function of the shoulder joint was also evaluated, and the Constant scores were 92+7.11 in
Group A, 91.09+7.56 Group B and 92.3845.99 in Group C, there was no significant difference observed between the
three groups. The DASH scores were 2.9443.19, 3.11+1.82 and 3.02+1.77, respectively, with no significant difference
between the three groups. The mean active forward flexion was 157.92+15.11, 156.18+20.63 and 156.46£19.71 degrees,
the mean abduction was 145.62+28.12, 144.09+18.07 and 143.38+17.0 degrees, the mean external rotation in the neutral
position was 45.38+9.40, 45.91+£7.93 and 45.77+7.81 degrees, there were no significant difference between three groups.
The mean internal rotation increased to the 11th thoracic vertebral level (from L5 to T7). The data on pain and functional
evaluations are presented in Table 3.

Complications were also observed, and all the patients achieved good incision healing without infection. There were
no cases of shoulder redislocation, skin numbness, loss of reduction, or implant loosening. Two patients were diagnosed
with subacromial impingement: one in Group A one in Group B; they refused surgical treatment. One patient in Group
B experienced axillary nerve injury after surgery and recovered after three months of nerve treatment.
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Table | Demographic Data

Characteristic A Group B Group C Group P
Gender
Male 31 17 20 0.95
Female 19 9 11
Age (years) 43.94+10.73 | 42.92+£7.25 | 43.84+8.80 0.91
Injury mechanism
Fall 25 13 14 0.99
Fall from height 11 6 7
Traffic accident 14 7 10
Dominant side limb
Yes 38 20 21 0.66
No 12 6 10
Shoulder joint dislocation
None 42 22 26 0.99
Anterior dislocation 8 4 5
Type of fracture
Avulsion 8 5 8 0.69
Split 41 20 23
Depression | | 0
Table 2 Surgical Related Data
A Group B Group C Group p
Operative time (min) 64.81+6.72 61.82+4.41 50.38+4.58>° <0.05
Blood loss (mL) 88.08+16.18 | 83.6416.66 | 5538£10.09*° | <0.05
Length of incision (cm) 15.35£0.68 | 9.27+0.96° 4.54+0.50>° <0.05
Hospital stay (day) 5.04+0.65 5.09+0.67 5.15+0.53 0.10
Follow up time (month) 13.23+1.34 12.64+0.64 13.151.10 0.31
Notes: *Compared with Group A, p<0.05; *Compared with Group B, p<0.05.
Table 3 Pain and Functional Evaluation
A Group B Group C Group P
VAS
3™ day 7.0£0.62 6.6410.64° | 5.54x0.75*° | <0.05
5% day 6.380.60 5.55+0.50° 3.85+0.66™° | <0.05
Last follow-up 0.58+0.74 0.60+0.89 0.54+0.50 0.35
(Continued)
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Table 3 (Continued).

A Group B Group C Group P

Time of fracture heal (week) 10.77+0.80 10.36+0.64 10.69+0.61 0.77
Constant score 92+7.11 91.09+7.56 92.38+5.99 0.24
DASH score 2.94+3.19 3.11+1.82 3.02£1.77 0.14
ROM

Forward flexion 157.92£15.11 | 156.18+20.63 | 156.46x19.71 | 0.09

Abduction 145.62+28.12 | 144.09£18.07 | 143.38%£17.0 | 0.15

External rotation 45.38+9.40 45.91+7.93 45.77+7.81 0.82

Internal rotation

Notes: *Compared with Group A, p<0.05; ®*Compared with Group B, p<0.05.
Abbreviations: VAS, the visual analogue scale; DASH, the shortened disabilities of the arm shoulder and
hand questionnaire; ROM, the range of motion.

Discussion

Isolated greater tuberosity fractures are common shoulder joint injuries, accounting for approximately 20% of all
proximal humeral fractures. This injury is often accompanied by shoulder dislocation and rotator cuff injury."'?
Serving as attachment points of the rotator cuff, the greater tuberosity plays an important role in the motion of the
shoulder joint; therefore, the treatment of greater tuberosity fractures is a hot topic. In previous studies, inappropriate
treatment for greater tuberosity fractures often resulted in shoulder disability due to subacromial impingement and
limitations of abduction and external rotation.'*'” It is generally accepted that fractures displaced >5 mm require surgical
treatment, and the goal of surgical treatment is restoration of normal anatomy with stable fixation that permits early
functional exercises and preserves the integrity of the rotator cuff.'®

There is no gold standard for fixing fragments of the greater tuberosity. There are various methods of fixation, such as
screw fixation, tension banding, transosseous suturing, plate fixation, and arthroscopic double-row suture anchor fixation.
According to the mechanism of injury, Mutch classified greater tuberosity fractures into three types, type I was avulsion
fracture, type II was split fracture, and type IIT was depression fracture.'' Mutch also considered that plate fixation was
appropriate for split fractures and tension bands for avulsion fractures.'' Based on biomechanical experiments, Gaudelli
et al® found that locking plate fixation could provide superior fixation of humerus split type greater tuberosity fractures
than tension bands and double row suture bridges. In addition, with wide pressure distribution over a relatively larger
area, the plate can effectively fix fragments, especially split fracture fragments.'”

In clinic, the most common plate used to fix the greater tuberosity fractures is PHILOS plate, which is designed to fix
proximal humerus fractures. This plate can achieve good results in the fixation of greater tuberous fractures, and we
obtained the same results in this study. Fracture union was achieved in all patients in groups A and B without loosening
of the plate or fragment displacement. However, the PHILOS plate is too large and difficult to place, and the
deltopectoral approach is generally used, which results in large surgical trauma and a large stripping range. This
traditional approach also causes additional soft tissue damage and deltoid muscle injury and is not conducive to early
functional exercise after surgery.

Therefore, in recent decades, the deltoid-splitting approach has become a popular treatment for proximal humerus
fractures.'®!” This is a minimally invasive plate osteosynthesis technique that has the advantages of less soft stripping
and direct visualization of the greater tuberosity. Compared with the deltopectoral approach, the deltoid-splitting
approach can be achieved with minimal invasion, less bleeding, and less pain to facilitate early functional exercise. In
this study, we obtained the same results: the average VAS score was significantly lower than that of the deltopectoral
approach on the third and fifth day after operation, the incision length was shorter, and blood loss was less than that of the
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deltopectoral approach. We treated 26 patients using the deltoid-splitting approach, and achieved fracture union and
excellent outcomes in all patients with isolated greater tuberosity fractures.

The axillary nerve is at risk when using the deltoid splitting approach. It is located approximately 6 cm distal to the
acromion; therefore, the proximal incision must be shorter than 5 cm.'® In general, a suitable tunnel must be prepared
beneath the nerve and the PHILOS plate must be inserted gently. Some surgeons recommend the complete exposure of
the axillary nerve by extending the anterolateral incision. However, there is still a risk of injury because the axillary nerve
has many branches in this region.'” Traver JL did a cadaveric experiment and found that strain placed across the nerve
with retraction could lead to micro-trauma, a risk of neuropraxia.” Géng t al® treated 31 patients with proximal humerus
fracture by deltoid-splitting approach and one case suffered axillary nerve injury. We treated 26 patients with isolated
greater tuberosity fracture by deltoid-splitting approach, one patient suffered axillary nerve and finally recovered.
Therefore, more effective and safer treatments are required for greater tuberosity fractures.

Because of the disadvantages of the PHILOS plate, surgeons have attempted to use other plates to treat greater
tuberosity fractures. Chen et al** used AO X-shaped midfoot locking plates to treat 19 patients with isolated greater
tuberosity fractures and achieved fracture healing without any complications. Schoffl et al* used a self-adjusted calcaneus
plate to treat ten patients and obtained excellent postoperative outcomes. Lee?' and Yin®? reported that the hook plate
could provide sufficient stability and lead to satisfactory clinical outcomes for isolated greater tuberosity fractures.
However, these plates are not specifically designed to fix greater tuberosity fractures and need to be shaped in advance.

In recent years, a new low-profile anatomical locking plate was designed to fix isolated greater tuberosity fracture.'”
As previously introduced in the literature, this plate has several advantages in the treatment of isolated greater tuberosity
fractures.'” The plate is short enough and can be placed intact by the deltoid-splitting approach. In this study, the length
of incision was minimally invasive (average, 5 cm) and significantly shorter than that in the other two groups. The risk of
axillary nerve injury is also reduced because the incision is shorter and the plate does not pass through the deep surface of
the axillary nerve. Meanwhile, due to the small incision and small trauma, the pain of the patients on the third and fifth
days after surgery was significantly lower than that in the other two groups, and functional exercise could be performed
early. In addition, a previous study revealed that the larger the implant, the greater the chance of impingement.> *> This
plate is thinner than the PHILOS plate (approximately 1 mm thick), which can effectively reduce the possibility of
acromial impingement. In our study, we also found two patients with subacromial impingement after treatment with
a PHILOS plate (one in Group A and one in Group B) and none in Group C. This is an anatomical plate that can fix
fragments more firmly, and all patients treated by this plate achieved fracture healing and no loss of reduction or implant
failure occurred. The postoperative outcomes were similar to those in the other two groups.

In the treatment of isolated greater tuberosity fractures with the novel anatomical plate, our experience was as
follows: (1) Because the axillary nerve is at the deep surface of the deltoid, 6 cm below the acromion, the length of the
incision should be no longer than 5 cm. A suture was made at the distal end of the deltoid muscle during the incision to
avoid excessive traction, leading to further tear of the deltoid muscle and injury to the axillary nerve. (2) The greater
tuberosity fracture fragment is usually thin and displaced posteriorly and upward by the rotator cuff. Fracture fragments
should be avoided during reduction, and suture of the rotator cuff combined with rotation of the humerus can be used for
indirect reduction. (3) For osteoporotic fractures, plate fixation combined with transosseous sutures is recommended to
reduce the risk of postoperative fracture displacement.

The current study has some limitations. First, our study was retrospective rather than prospective. A small number of
patients were included in the study because of the low morbidity associated with isolated greater tuberosity fractures.
Future multicenter, large-sample, adequately powered, randomized controlled trials are needed to assess the efficacy of
these interventions. Long-term follow-up is required to assess the complication rates of this surgical technique.

Conclusion

Isolated greater tuberosity fractures fixed with a novel anatomical plate using the deltoid-splitting approach could reduce
intraoperative blood loss, shorten operation time, relieve postoperative pain, and achieve good clinical results, demon-
strating that this surgical method is a safe and effective option for treating isolated greater tuberosity fractures.
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