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The aim of this study was to evaluate the efficacy of auxiliary tension suture fixation and minimally 
invasive percutaneous osteosynthesis internal fixation on proximal humeral fractures in patients. From 
May 2012 to May 2017, 66 patients with proximal humeral fractures were enrolled in the Affiliated 
Suzhou Hospital of Nanjing Medical University. A prospective follow-up cohort study was conducted on  
47 patients with proximal humeral fractures, including 11 males and 36 females, average age 64.6 y, range  
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The proximal humerus fracture mainly refers to the 
proximal part of the surgical neck of the humerus, 
which usually involves the surgical neck, large and 
small nodules, anatomical neck or humeral head[1]. 
There is always controversy about its treatment. At 
present, the more commonly accepted indications for 
conservative treatment are, no significant displacement 
of the fracture end, stable fracture of the greater tibial 
tuberosity <5 mm and more surgical treatment for the 
third and fourth part of the fracture. It accounts for 
4-5 % of all adult fractures[2-4]. The previous surgical 
treatment was mainly based on open reduction and 
internal fixation. However, with the increase of elderly 
patients, the understanding of proximal humerus 
fractures (PHF) and the improvement of functional 
requirements, the treatment concept has changed, the 
treatment effect is often not ideal, joint replacement 
technology is increasingly used in the treatment of 
senile, complex proximal humeral fractures[5]. In 
recent years, with the increase of traffic accidents, the 
incidence rate in young patients has also increased. At 
present, there is no effective guide for the treatment of 
PHF. Generally, according to the Neer classification, 
some fractures are treated conservatively. Two-part, 
3-part and 4-part fractures require surgery[6]. It is 
often stated in the literature that 60 to 80 % of non-
displaced or mildly displaced fractures can be treated 
conservatively. Nowadays, the new minimally invasive 
percutaneous osteosynthesis (MIPO) technique has been 

gradually applied[7,8]. The use of MIPO in the treatment 
of senile humeral shaft fractures meets the criteria for 
biological osteosynthesis with minimal incision to 
reduce iatrogenic soft tissue injury for fracture healing 
and early postoperative function. Exercise provides 
sufficient stability and the surgical approach is gradually 
becoming less invasive. However, simple plate fixation 
often fails to properly handle the traction of the rotator 
cuff on the large nodules, especially in patients with 
large nodular comminute fractures or fractures, which 
may lead to the displacement of the large nodules and 
cause limited shoulder movement. At the same time, due 
to the limitation of important vascular tissues such as 
the anterior tibialis anterior artery in the intramedullary 
interlamellar hiatus, the incision exposure range is 
limited[9-11]. If the traction is improper during operation, 
it may damage important blood vessels and nerves in 
the anterior tibial artery and axilla. If the fracture splits 
down or the posterior medial platform is involved, an 
incision improvement or other approach is required. 
Compared to intramedullary nailing in MIPO, MIPO 
rarely causes postoperative knee pain and is gradually 
accepted by more and more orthopaedic surgeons. 
Therefore, it is believed that the reconstruction of 
the rotator cuff function by non-absorbable suture 
technique has certain clinical significance[12-15]. The 
purpose of this study was to compare the clinical and 
radiographic outcomes of auxiliary tension suture 
fixation to MIPO in PHF. From May 2012 to May 2017, 
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27-92 y. According to the Neer’s classification system, there were 10 two-part, 30 three-part and  
7 four-part fractures. Twenty four patients were treated with minimally invasive percutaneous 
osteosynthesis internal fixation while 23 patients were managed with minimally invasive 
percutaneous osteosynthesis plus auxiliary tension suture fixation. Standard X-ray and 
physical examination post operation was performed. Consistant-visual analogue scale pain 
score, Constant-Murley score, University of California at Los Angeles score and disabilities 
of the arm, shoulder and hand score were comparable between the 2 groups. There were no 
significant differences between the 2 groups, however, a significantly greater supraspinatus 
force was observed in minimally invasive percutaneous osteosynthesis plus auxiliary tension 
suture fixation group compared to the minimally invasive percutaneous osteosynthesis alone 
group. Minimally invasive percutaneous osteosynthesis group had 2 cases of migration of great 
tuberosity and 1 case of acromial impingement. The auxiliary tension suture fixation group 
had 1 case of might valgus deformity and 1 case of fixation loosening and the complication 
rate was 12.5 % of minimally invasive percutaneous osteosynthesis group compared to the  
8.6 % of auxiliary tension suture fixation group. Treatment of proximal humeral fractures 
with an auxiliary tension suture fixation was a good alternative to minimally invasive 
percutaneous osteosynthesis or conservative treatment, and should be performed routinely in 
displaced 2, 3 and 4-part fracturess. 
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66 patients with PHFs were enrolled into the follow up 
study. All PHFs were classified according to the Neer 
classification, 47 patients aged 27-97 y were followed 
up (11 males and 36 females). Twenty four patients 
were managed with MIPO and the other 23 patients 
were managed with MIPO plus auxiliary tension suture 
fixation. Consistant-VAS pain score, Constant score, 
University of California at Los Angeles (UCLA) score, 
disabilities of the arm, shoulder and hand (DASH) 
score were used to evaluate the postoperative results, 
at the same time, the submuscular muscle strength was 
measured with a IDO dynamometer, proximal humeral 
lateral X-ray were performed 1, 2, 3, 6 and 12 mo after 
operation to observe bone union, including fracture 
angulation, displacement, internal fixation loose 
fracture, callus growth, intra-articular screw penetration 
at final follow-up, screw loosening, Axillary nerve 
injury, post-traumatic osteoarthritis, and avascular 
necrosis (AVN) were assessed during the follow-up 
period, then the medical records were checked to make 
some comparisons. All patients were given general 
anaesthesia and positioned in a beach chair position with 
an arm holder. MIPO group, after disinfection, towels 
were spread around the fracture, closed reduction was 
first used for 3-/4- part fractures. At the anterolateral 
of the acromion to distal 2 cm, a longitudinal incision 
3 cm was made, followed by layer by layer cutting. 
Blunt dissection using a periosteal elevator was carried 
out between the anterior deltoid and middle deltoid to 
arrive periosteum. Using K-wires to hold tuberculum, 
at the same time the shoulder joint was external rotated, 
reduction of fracture until a pleased result was obtained. 
A Philos plate with angle-stable screw fixation and 
radiolucent aiming device was used in all cases. After 
satisfied with the perspective position, proximal 4-5 
locking screws, 2-3 distal locking screws were used for 
fixation, then radiolucent aiming device was used again 
to make sure that the location was right and stable.

In the MIPO plus auxiliary tension suture fixation group, 
the pre-steps were the same as the minimally invasive 
group, after K-wires were used to hold tuberculum; a 
non-absorbable suture was passed at supraspinatus, 
infraspinatus and tendinous insertion of rotator cuff 
respectively, then the suture was pulled together to form 
six pull wires. The plate was inserted into a channel 
which was separated from the operating area, the height 
of the plate was noted and a longitudinal incision of 
2-3 cm was made after distal epidermal positioning 
to expose the anterior tibial bone. Suture was used to 
reduce large and small nodular fracture. After satisfied 
with the perspective position, dilute iodine and saline 
was used to clean the surgery area, on suture fascia 
and skin layers interruptedly. Dilute iodine and saline 
solution is a simple and inexpensive solution with the 
potential to prevent surgical site infection.

Independent student t-test was used to analyze 
continuous variables, and Chi-square test was used 
for dichotomous variables, to compare clinical 
outcomes between the two groups. Statistical analyses 
were performed with Statistical Product and Service 
Solutions (SPSS) 20.0 software (IBM, Armonk, NY, 
USA), p value of <0.05 was considered statistically 
significant.

The average follow-up time of all patients was 23.1 
(12-33) mo. There were no statistically significant 
differences in terms of patient age, gender and Neer 
classification system between the two groups according 
to the Chi-square test (Table 1). According to the 
student-T test (Table 2), there were no statistically 
significant differences in terms of fracture healing time, 
VAS score post-operation 1 w, VAS score post-operation 
1 y, Constant-Murley score post-operation 1 y, UCLA 
score, DASH score, supraspinatus strength between the 
two groups. However, the operation time, Constant-
Murley score, UCLA score, DASH score, supraspinatus 

Content MIPO Rotator cuff Statistical data p value
Gender (Male: Female) (5:19) (6:17) χ2 =0.181 0.671
Neer classification χ2=4.161 0.125

Ⅱ 7 (29.2 %) 3 (13.0 %)

Ⅲ 12 (50 %) 18 (78.3 %)

Ⅳ 5 (20.8 %) 2 (8.7 %)

Injury mechanism χ2 =0.119 0.730

fall 19 20

Car accident 5 3
average age (y) 63.33 (27-92) 66.87 (36-90) t=-0.947 0.200
Average follow-up time (mo) 23.28±9.22 23.10±9.17 t=0.568 0.572

TABLE 1: COMPARISON OF GENERAL DATA BETWEEN TWO GROUPS

χ2 (Chi-Square)
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strength 3 mo post-operation showed significant 
differences between the two groups (p<0.05). In the 
MIPO group, two patient’s showed loss of large tubercle 
of humerus reposition and 1 patient showed shoulder 
impact. There were no serious complications, like loose 
internal fixation, screws out, incision infection, radial 
nerve injury, with a rate of complications was 12.5 %. In 
the MIPO plus auxiliary tension suture fixation group, 
there was 1 patient with modest valgus deformity, 
loose internal fixation but there were no screws out, 
incision infection, radial nerve injury, humeral head 
necrosis, and the rate of complications was 8.6 %. 
T-test and Kruskal-Wallis test showed no significant 
difference between the immediate and 3-mo and 1-y 
postoperative neck angle imaging and clinical results 

(Table 3). The shoulder joint is complicated compared 
to other joints among human upper limbs, the integrity 
of the rotator cuff muscles is crucial for stabilizing the 
rotation centre of the shoulder joint and assisting the 
deltoid muscle movement[16]. The rotator cuff provides 
50 % of the force required on the upper arm and 90 % 
of the force required on the external rotation. Large and 
small nodules fracture displacement is more obvious in 
type III and IV proximal humeral fractures, however, 
there is the end of rotator cuff tendon and therefore, 
poor healing would result in dysfunction of rotator 
cuff tendons. According to the biomechanical test, 
the maximum contraction force of the human rotator 
cuff is about 340 N, the humeral head can be pulled 
repeatedly when shoulder joint moves, it is easy to 

Content MIPO Rotator cuff P value
Surgery time (min) 81.17±27.55 82.00±22.87 0.911
VAS score
1 w 5.33±1.09 5.35±1.75 0.973
1 y 3.58±2.39 2.87±1.91 0.266
Constant-Murley score
3 mo 49.42±21.73 69.65±12.79 0.055
1 y 59.96±23.64 70.61±12.57 0.061
UCLA score
3 mo 21.92±7.77 25.00±5.58 0.127
1 y 23.83±8.47 26.48±4.86 0.195
DASH score
3 mo 50.25±20.44 41.43±19.91 0.141
1 y 45.17±24.84 39.39±17.29 0.362
Supraspinatus muscle strength (kg)
3 mo 1.17±0.645 1.73±0.70 0.007
1 y 1.33±0.83 1.87±0.67 0.019
Forward angle (°)
3 mo 87.42±31.92 97.43±26.78 0.254
1 y 94.21±31.57 100.30±17.49 0.416
Outreach (°)
3 mo 83.21±26.59 98.65±27.33 0.056
1 y 90.58±31.21 100.00±19.90 0.223
Outward rotation activity score
3 mo 4.38±1.996 4.96±2.286 0.357
1 y 4.50±2.52 5.70±2.12 0.086
Internal rotation activity score
3 mo 4.38±2.02 5.30±1.30 0.068
1 y 4.50±1.84 5.70±2.12 0.292
Fracture healing time (w) 17.5 (11-26) 18.2 (12-28) 0.071
Complication (N) 3 2 0.221

TABLE 2: COMPARISON OF OBSERVATION DATA BETWEEN TWO GROUPS

Immediately after surgery 134.6°±7.8° 133.9°±6.5° 134.8°±8.0° p=0.756
three month after surgery 133.2°±9.2° 131.4°±10.3° 134.0°±8.5° p=0.223
One year after surgery 131.5°±10.8° 125.8°±15.3° 132.9°±8.7° p=0.156

TABLE 3: COMPARISON OF THE RADIOLOGICAL RESULTS BETWEEN TWO GROUPS

P (Significance)
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cause humeral head inversion and even collapse[12,17]. 
There are multiple factors that can affect shoulder 
function after surgery, among the most common cause 
of postoperative shoulder joint dysfunction is poor 
postoperative position or poor healing of large nodules. 
According to biomechanical test, when the large nodule 
shift was 0.5 cm, the required force for outreaching 
shoulder joints increased by 16 %, and when the shift 
was 1 cm, it was increased by 27 %[18]. Plate and screw 
fixation are nowadays the most common way to treat 
the PHF. However, in order to avoid penetration into the 
joint cavity, single cortical fixation was always used, at 
the same time, this fixation is easy to pull out and the 
stability is not good[19]. Therefore, it is often necessary 
to brake after surgery to avoid the occurrence of related 
complications. However, several studies have shown 
that patients with postoperative rehabilitation who 
within 2 w suffered from poor final shoulder function[20] 
and a significant displacement of the large nodules 
relative to the humeral shaft can occur even according 
to postoperative standard rehabilitation procedures for 
passive activities (figs. 1 and 2).

Therefore, in order to enhance the stability of proximal 
humeral fracture fixation and to facilitate early 
functional exercise[21], the rotator cuff can be sutured 
to the locking plate reserved by non-absorbable sutures 
in addition to reconstructing the proximal medial tibial 
support[22]. Using non-absorbable suture for large 
nodules and surgical neck fractures of the humerus, 
clinical results showed excellent rate of recovery of 
89 %, which also proved that the method has certain 
feasibility[23]. In terms of biomechanics, fresh cadaveric 
tests were used to determine the effect of three fixation 
methods on the stability of large tarsal tuberosity with 
the results confirmed that the biomechanical stability 
of the absorbable suture was better than that of screw 

fixation, and it could effectively restore mechanical 
stability of large nodular fractures. The purpose of 
this study was to combine the MIPO technique with 
rotator cuff suture technique for PHFs and to evaluate 
the clinical efficacy and imaging results of minimally 
invasive locking plate and auxiliary rotator cuff suture 
in the treatment of proximal humerus fractures. In 
this study, high strength non-absorbable suture was 
used and the principle of metaphyseal ligament pull 
was fully utilised to reduce the damage to soft tissue 
and at the same time rebuild rotator cuff tension and 
improve its stability. It also avoided contracture of 
supraspinatus muscle, large and small round muscle 
after operation and promote the recovery of muscle 
strength, increase the degree of joint motion in the 
short term. According to the clinical and radiological 
results, the auxiliary rotator cuff suture group was 
better than the plate fixation group in all observation 
indicators in addition to VAS score 1 w later, and there 
was a statistically significant difference in joint motion 
3 mo after operation. The assisted rotator cuff suture 
group had a higher 1 w after surgery VAS score, which 
was considered to be related to the local distraction 
after suture of the rotator cuff, such as weaving sutures 
and dispersing tension. Beside all conveniences, the 
limitation of this study is lack of adequate number of 
patient samples and large sample prospective study 
might help to obtain more valid data. Treatment of 
PHFs with an auxiliary tension suture fixation was 
preferential to minimally invasive percutaneous 
osteosynthesis or conservative treatment, and should 
be used in displaced 2, 3 and 4-part fractures.Fig. 1: Displaced CT image of proximal humerus 

 fracture

 
Fig. 2: Displacement of proximal humerus fracture
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