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Abstract

BACKGROUND: The AO12-C type middle-proximal humeral fractures are usually caused by high-energy injuries, accompanied by comminuted fractures

and a large number of butterfly-shaped bone fragments. These fractures are difficult to achieve good reduction and effective fixation. With the increasing
understanding of the biological characteristics of bone and soft tissue, surgical treatment is gradually shifting towards minimally invasive steel plates and
intramedullary nail fixation. However, there has been no consensus on which is the best surgical technique for treating humeral fractures in minimal invasive
plate osteosynthesis and intramedullary nail.

OBIJECTIVE: To compare the clinical effect of minimal invasive plate osteosynthesis and intramedullary nail for treating AO12-C type middle-proximal humeral
fractures.

METHODS: A retrospective analysis was performed in 36 patients with AO12-C type middle-proximal humeral fracture who met the inclusion criteria admitted
to the Guizhou Hospital of Beijing Jishuitan Hospital from January 2020 to December 2022. All patients were assigned to minimal invasive plate osteosynthesis
group (18 cases) and intramedullary nail group (18 cases) according to the surgical treatment plan. The minimal invasive plate osteosynthesis group received
minimally invasive plate osteosynthesis based on preoperative planning assisted by 3D printing, while the intramedullary nail group received intramedullary nail
internal fixation. Operation time, intraoperative blood loss, hospital stay, and fracture healing time were compared between the two groups. Visual analog scale
score at 1, 3, and 6 months after surgery, shoulder joint function, Constant-Murley score, Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) score,

and complications of the shoulder joint at the last follow-up were compared between the two groups.

RESULTS AND CONCLUSION: (1) All patients were followed-up for average (15.56+4.05) months, and no difference was observed in hospital stay and fracture
healing time between the two groups (P > 0.05). The minimal invasive plate osteosynthesis group had shorter operation time compared to the intramedullary

nail group (P < 0.05). The intramedullary nail group had less intraoperative blood loss between the two groups of patients (P < 0.05). (2) In the intramedullary nail
group, at 1 and 3 months after operation, the visual analog scale score was significantly lower than the minimal invasive plate osteosynthesis group (P < 0.05). No
difference was observed in the visual analog scale in long-term follow-up, shoulder joint function, Constant-Murley score, Quick Disabilities of the Arm, Shoulder
and Hand (QuickDASH) score at the last follow-up between the two groups (P > 0.05). (3) No complications such as nonunion or wound infection occurred in either
group. Two cases of radial nerve palsy occurred in minimal invasive plate osteosynthesis group, both of which recovered within 3 months. The intramedullary

nail group had 1 case of rotator cuff injury. There was no significant difference in the rate of complications between the two groups (P > 0.05). (4) To conclude,
minimal invasive plate osteosynthesis and intramedullary nail can achieve good clinical efficacy in the treatment of AO12-C type middle-proximal humeral fractures,
effectively improving shoulder joint function in patients. However, minimal invasive plate osteosynthesis exhibits obvious advantages in shorter surgical time with
the assistance of 3D printing, which is a valuable, effective, and safe method for treating AO12-C type middle-proximal humeral fractures.

Key words: 3D printing; middle-proximal humeral fracture; percutaneous minimally invasive bone plate; intramedullary nail; internal fixation; radial nerve

injury; rotator cuff injury
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Table 1 | Material characteristics of implants
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Figure 1 | 3D printing preoperative simulation in the minimal invasive
plate osteosynthesis group
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Figure 2 | Flow chart of patient assignment
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Table 2 | Comparison of general data of patients between the two groups
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Table 3 | Comparison of intraoperative and postoperative data of patients
between the two groups
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Table 4 | Comparison of shoulder joint function of patients between the
two groups after surgery

Eizti T AR 4 REPETA tfl P1iH
P H 2L v o
ARJg14H 5.44+1.10 2.89+0.68 8.415  0.009
ARJE34H 3.78+1.06 2.17£0.71 5363  0.045
ARJg 64 H 0.67+0.69 0.33£0.49 1.683  0.084
PUEE T OIRE RIS 14.4428.72 18.42+10.11 -1.264 0.737
Constant-Murley 174} 71.00£11.12 70.44+10.68 0.153  0.940
JARTEBNE (°)
TR 138.89+14.51  129.72+13.66  1.952  0.779
S 42.2248.26 41.1149.32 0378  0.541
Hh 135.83+19.87  125.00+14.45 1.871  0.199
A 60.5616.84 55.00£7.07 2397  0.963
e 44.17+10.61 40.83+9.89 0975  0.375
=5 | MEABREHLERRLE (n=18, n)

Table 5 | Comparison of complications of patients between the two
groups
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Figure 3 | Imaging data of a 33-year-old male patient with comminuted
fracture of the middle-proximal right humerus in the minimal invasive plate
osteosynthesis group before and after operation
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Figure 4 | Imaging data of a 73-year-old female patient with comminuted
fracture of the middle-proximal part of the left humerus in the
intramedullary nail group before and after operation
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