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Abstract

The current study is to observe the effect of the locking system strengthened by biomimetic miner-

alized collagen putty for the treatment of senile proximal humeral osteoporotic fractures. From

January 2012 to December 2015, 80 cases of senile patients with osteoporotic proximal humeral

fractures were randomly divided into an observation group and a control group, each group with a

total of 40 cases. The control group was simply treated with locking plate. The observation group

was treated with locking plate in combination with biomimetic mineralized collagen putty. The ther-

apeutic effect thereby was observed. The excellent and satisfactory rate was 90% in observation

group and was 72.5% in control group. The difference between the two groups was statistically sig-

nificant (v2¼ 5.3312, P< 0.05). The fracture healing time was 11.82 6 3.62 weeks in observation

group and 19.78 6 5.46 weeks in control group. The shoulder joint function score was 89.63 6 8.12

in observation group and 76.92 6 8.18 in control group. There was significant difference between

the two groups (t¼ 7.1272; 12.7834, P<0.05). The complication rate was 10% in the observation

group and 32.5% in the control group (v2¼ 7.3786, P<0.05). Locking system strengthened by bio-

mimetic mineralized collagen putty has advantages such as accelerating healing of senile proximal

humeral fracture, improving the therapeutic effect, reducing the complications. As one of the opti-

mal internal fixation method, it provides a new option for better treatment of senile osteoporotic

fracture.
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Introduction

Proximal humerus is one of the most common fracture sites in the el-

derly, incidence of which is related to violence and osteoporosis [1].

Osteoporotic fracture seriously threatens the physical and mental

health of the elderly. With aged tendency of population, the inci-

dence rate currently increases [2, 3]. Lack of effective treatment,

many people resort to attempt like ‘repairing bone’, ‘fabricating

bone’, ‘reinforcing bone’ and enhanced internal fixation, to pursue

the so-called ‘biological osteosynthesis’. Presently there is of a wide

variety of choices to treat this kind of fracture, but the effective and

the ineffective are intermingled [4, 5].

The autologous bone granted the best curative effect, hence re-

garded as the golden standard of bony filling materials. However, it

is likely to cause severe complications in the donor site, let alone its

limited availability [6, 7]. Allogeneic bone grafting is an excellent

succedaneum of autograft. But allograft is accompanied with risk of

immune rejection, infection and transmitted diseases [8]. The biocer-

amic made of hydroxyapatite has modest capability of inducing os-

teogenesis, but is somewhat unsuitable for being injected into

irregular defects [9, 10]. Calcium phosphate is a slightly soluble sub-

stance which is degraded by dissolution of the interstitial fluid.

Degradation of calcium phosphate is usually too long for clinical
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application [11]. On the other hand, calcium sulfate is a slightly sol-

uble substance which is degraded too quickly to maintain bone

structure [12]. Both of the calcium phosphate and calcium sulfate

has limited ability to guide osteogenesis.

Mineralized collagen putty is a novel form of artificial bone graft

possessing biomimetic composition and microstructure similar to

the natural bone tissues. It is prepared in a process called in vitro

biomimetic mineralization technology with U.S.A. patent (No.

6887488). The injectable bone cement was designed on base of

nano- hydroxyapatite/type I collagen fibril composites [13]. It has

been approved by the Chinese Food and Drug Administration

(CFDA Certification No: 20143462075) and US governments (FDA

Certification No: K141725). They are biodegradable with excellent

biological histocompatibility and osteointegration. The mineralized

collagen putty is provided as porous blocks, and is able to become

paste form after being immersed in saline or blood and pinch for a

about 2 minutes. Such paste is injectable and moldable, thus suitable

for many orthopaedic applications, such as filling irregular bone de-

fects, carrying drugs, gluing crushed bones for bone fractures, and

so on [14].

From January 2012 to December 2015, the research group se-

lected appropriate patients with proximal humeral fractures for the

treatment, applying anatomic locking plates with (40 cases as obser-

vation) or without (40 cases as control) biomimetic mineralized col-

lagen putty. Curative effect and complication rate between the two

groups were comparatively analyzed. The result showed that biomi-

metic mineralized collagen putty can strengthen the curative effect

of locking plate in treating senile proximal fracture. Besides, this

novel compound therapeutics could accelerate fracture heal, mini-

mizing complication and improve the therapeutic effect. The report

is presented as follows.

Materials and methods

Patient data
(1) Inclusion criteria for case selection were as the followings:

Osteoporosis standard set by World Health Organization (WHO)

[15] and Diagnostic criteria of osteoporosis: year 2000 revision [16]

which was adopted by Committee of Osteoporosis of the

Gerontology Society of China was referred to formulate the diagnos-

tic criteria.

(2) Criteria for case exclusion were as the followings: 1, Case

cannot meet the diagnostic criteria and inclusion criteria; 2, Patients

have been undergoing long-term use of other relative drugs without

possibility to stop the medication immediately; 3, Patients are under

the influence of hyperparathyroidism, osteomalacia, chronic rheu-

matoid arthritis, multiple myeloma, secondary osteoporosis; 4,

Patients are under the age of 40 or over the age of 90, pregnant or

lactating women, person with allergies, mental illness, deformity in

late stage, disability, or incapacitated; 5, Patients are complicated

with serious primary diseases of heart, brain, liver, kidney, lung and

hematopoietic system; 6, Patients participate in other clinical trials.

(3) The cases in the following situations would be rejected from

experiment even after inclusion: 1, Patients didn’t comply with pro-

visions of the follow-up, or couldn’t provide complete information

on the efficacy or side effect, or couldn’t judge the potency or effi-

cacy of the therapy; 2, Patients suspended clinical trial because of

other diseases; 3, Patients lost their case report.

(4) Grouping method: Using random sampling number table, pa-

tients were randomly divided into observation group and treatment

group with 40 cases in each group. There was no significant

difference in age, gender and state of fracture between the two

groups (P>0.05) [17].

A total of 80 cases were selected, including 32 males and

48 females, from 60 to 88 years of age (with an average age of

74.3 years), 32 cases on the left and 48 cases on the right. According

to the Neer classification, 2-part fractures in 15 cases, 3-part frac-

tures in 36 cases, and 4-part fractures in 29 cases. Nine of the cases

were complicated with shoulder joint dislocation, 28 cases with hy-

pertension, and 31 cases with diabetes.

Operation methods
Mineralized collagen putty (produced by Beijing Allgens Medical

Science and Technology Co., Ltd.) was intraoperatively prepared as

follow steps: 1, take the mineralized collagen putty blocks from the

package (Fig. 1a); 2, immerse them into saline for about 30 seconds

(Fig. 1b); 3, extrude water from the putty (Fig. 1c); 4, pinch the

putty by a thumb in the other palm (Fig. 1d); 5, pinch for about

2 minutes to form a paste (Fig. 1e); 6, the mineralized collagen putty

paste could be implanted by using an injector (Fig. 1f).

Surgeries were operated by the same surgeon. After anesthesia,

the patient lay in the supine position with shoulder pad. With ante-

rior arc incision, the surgical operation was approached through the

gap between deltoid and pectoralis major muscle. Cervical blood

vessels were protected during operation. After removing the embed-

ded soft tissue from broken ends, surgeon inserted a 3 mm Kirschner

wire into the proximal end of fracture [18]. The surgeon percutane-

ously reduced the displaced proximal humeral head, to make the hu-

meral head, especially the greater and lesser tuberosity humerus and

humeral metaphysis, to achieve the best possible reduction.

Kirschner wire and PDS thick line were temporarily fixed. To con-

firm correct reduction of the fracture, foci were examined by C-arm

X-ray machine fluoroscopy in the anteroposterior and reverse lateral

transthoracic perspectives. The anatomical locking plate in the prox-

imal humerus was put at the front of the insertion of deltoid, the

proximal of which was placed about 5 mm behind the intertubercu-

lar sulcus and 5 mm below the proximal of greater tuberosity hu-

merus. The first screw was placed into the sliding hole in humeral

shaft, while plate height was adjusted under X-ray guidance. In the

observation group, segmental bone defects of humeral head were

filled with biomimetic mineralized collagen putty (Fig. 2). The con-

trol group was not treated with bone grafting. To increase the stabil-

ity, as many as possible locking screws were driven into the

proximal end of fracture and 3 � 4 locking screws were driven into

the distal end. C-arm X-ray machine fluoroscopy was used again to

ensure fracture reduction, as well as position and length of the

screw. Make sure there was no obstacle in shoulder joint when it

was exposed to passive motion. Make sure there was no loosening

of internal fixation. Injuries to rotator cuff and joint capsule were

repaired by thick absorbable suture. The crushed bone blocks which

still connected to soft tissue were fixed to the suture hole at the

proximal end of the plate. After the wound was debrided, the inci-

sion was closed by layer-by-layer suture.

Postoperative treatment
Required by the National Health and Family Planning Commission

of the PR China, type I incision (using implants) should routinely

use prophylactic antibiotic for 24 hours. Given postoperative analge-

sia under the guidance, patients can perform active and passive func-

tional exercise of shoulder joints in painless condition. Common

diseases of internal medicine were conventionally diagnosed and
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Figure 1. Mineralized collagen putty was intraoperatively prepared. (a) Mineralized collagen putty blocks were taken from the package. (b) They were immersed

into normal saline for about 30 seconds. (c) Liquid was extrude from the putty. (d) The putty was malaxated and kneaded by a thumb in the other palm.

(e) Malaxation and knead were continued for about 2 minutes to form a paste. (f) The mineralized collagen putty paste could be squeezed through an injector

Figure 2. In the observation group, segmental bone defects of humeral head were filled with mineralized collagen putty. (a) The fractured humeral segments

were distracted to show the defect (noted by arrow). (b) The mineralized collagen putty was injected into the defect (noted by arrow)
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treated. All these pains were taken to help the patients safely get

through perioperative period. The patients were treated with con-

ventional anti-osteoporosis measures. Radiographs were taken every

4 weeks to understand the position of screw and state of fracture

healing, so as to guide functional exercise of shoulder joint.

Statistical methods
All the data were analyzed using statistical software SPSS13.0. The

enumeration data were shown as rate (%), while measurement data

were shown as “�x 6 s”. P<0.05 means significant difference.

Results

All the 80 cases were followed up for 14–24 months, with an aver-

age of 15.6 months. Most of the fracture healed 3–7 months after

surgical operation. Function scores in the last follow-up after frac-

ture healing were analyzed using the American Shoulder and Elbow

Surgeons (ASES) score evaluation system [19]. Among the full score

of 100 points, both pain and daily life ability accounted for 50

points. The score as high as 90 � 100 points was deemed to be ex-

cellent, 80 � 89 points to be good, 7 0 �79 points to be tolerable,

less than 70 points to be poor. The excellent/good rate in the obser-

vation group was 90%, contrasted with 72.5% in the control group

with significant difference (P<0.05). Comparison of the therapeutic

effects between the two groups was presented in Table 1.

The complication incidence was evaluated between the two

groups. In the observation group, there were one case of osteonecro-

sis of humeral head, two cases of loosening of the internal fixation

and one case of shoulder inversion observed after surgical operation.

In the control group, there were three cases of osteonecrosis of hu-

meral head, five cases of loosening of the internal fixation and three

cases of shoulder inversion observed after surgical operation. The

complication incidence was 10.0% (4 out of 40) in the observation

group and 27.5% (11 out of 40) in the control group. The complica-

tion incidence of the observation group is significantly higher than

that of the control group (P<0.05). The detailed comparison of

complication incidence was summarized in Table 2.

In the observation group, fracture healing time was

11.82 6 3.62 weeks and shoulder joint function score was

89.63 6 8.12 points, contrasted with 19.78 6 5.46 weeks and

76.92 6 8.18 points in control group. Although observation group

performed better than control group, there is no statistical signifi-

cance between them. The detailed comparison of these two indices

was summarized in Table 3.

There were typical cases in both groups which presented intuitive

comparison. For example, 76 years old female patient diagnosed as

comminuted fractures of the proximal left humerus was treated in the

observation group. The authors evaluated X-ray observation of pa-

tients before and after treatment with internal fixation and biomimetic

mineralized collagen putty. X-ray film taken before surgery showed

comminuted fracture of the surgical neck of humerus (Fig. 3a). One

day after operation, all fractures showed good contraposition and

alignment on the X-ray film (Fig. 3b). Bone defect was implanted with

biomimetic mineralized collagen putty, along with satisfactory inter-

nal fixation. Three months after operation, the fracture appeared

healed with good fixation and union. There was neither osteonecrosis

of humeral head nor fracture, proving excellent osteogenesis. The pa-

tient was free of pull out or loosening of internal fixation because of

increased bone mass and rapid healing of the fracture. On the other

hand, a case of 85years old female patient diagnosed as comminuted

fractures of the right proximal humerus showed different prognosis in

the control group. An X-ray film taken before surgery showed commi-

nuted fracture of the surgical neck of humerus (Fig. 4a). Radiograph

was taken one day after operation for postoperative reexamination.

All fractures showed good contraposition and alignment with satisfac-

tory internal fixation (Fig. 4b). Radiograph was taken three months

after operation. The screw found to be loosened and pierced out of

the locking plate fixation. Humeral head poorly healed and under-

went varus deformity and absorption (Fig. 4c).

Discussion

There have been difficulties in clinical treatment of senile osteopo-

rotic fracture, which is frequently accompanied by comminuted

fracture, easily leading to bone defect. In this case, fracture reduc-

tion and fixation is very difficult, along with poor rigidity and diffi-

culties in implant or internal fixation. Fracture healing and callus

maturation are delayed, accompanied with impairment of bone

healing quality, mechanical strength, early full weight-bearing and

rehabilitation of limb function [20–22]. Mass and quality of bone

can hardly improve in the short term, with significantly increased

risk of nonunion and refractures. Despite the continual evolution of

locking plate techniques and designs to increase the stability of oste-

oporotic fractures fixation, so far there are still conditions such as

loosening of lock pin, excision of locking plate, fracture of internal

fixation and osteonecrosis of humeral head [23, 24]. Locking plate

cannot be just installed and left alone. Some doctors administered

bone cement to optimize purchase of screw. Although its short-term

effect is satisfactory, bone cement is disincentive to bone healing.

Therefore, bone formation is somewhat difficult on account of the

cauterizing effect of bone cement on the surrounding tissues [25].

Although self-ilium graft conduces to good prognosis, it is limited

by available bone mass. Complications caused by wound of in-

creased donor sites must be considered in the clinical practice [26].

Osteoporotic fracture is still a difficult point in clinical practice,

which has aroused widespread interest from orthopedic circle and

presents the future directions and problems worthy of studying for

orthopedists. Therefore, finding an effective measure to treat osteo-

porotic fracture is the problem that encounters orthopedists. The de-

velopment of nanotechnology clears a path to solve the problem.

Biomimetic artificial mineralized collagen is a kind of artificial

bone graft which mimics composition and microstructure of human

natural bone [27–29], and has been widely applied in clinical area of

orthopedics, stomatology, neurosurgery and so on [30–33]. Its excel-

lent curative effect in bone defect reparation has been proven in more

than 200 000 cases of clinically application. However, similar to

Table 1. Comparison of surgical treatment effect between the two groups

Group No. of cases Excellent [rate (%)] Good [rate (%)] Tolerable [rate (%)] Poor [rate (%)] Excellent/good [rate (%)]

Observation group 40 26 [65.0%] 10 [25.0%] 3 [7.5%] 1 [2.5%] 36 [90.0%]

Control group 40 21 [52.5%] 8 [20.0%] 9 [22.5%] 2 [5.0%] 29 [72.5%]a

Note: Compared with the control group a, v2¼ 5.3312, P< 0.05.
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Table 2. Comparison of operative complications between the two groups

Group No. of cases Osteonecrosis of

humeral head [cases (%)]

Internal fixation

loosening [cases (%)]

Shoulder inversion

[cases (%)]

Total incidence

[rate (%)]

Observation group 40 1 [2.5%] 2 [5.0%] 1 [2.5%] 4 [10.0%]

Control group 40 3 [7.5%] 5 [12.5%] 3 [7.5%] 11 [27.5%]

Note: Compared with the control group a, v2¼ 7.3786, P< 0.05.

Table 3. Comparison of fracture healing time and shoulder joint function score between the two groups

Indices/Group Fracture healing time (weeks) Shoulder joint function score (points)

Observation group 11.82 6 3.62 89.63 6 8.12

Control group 19.78 6 5.46 76.92 6 8.18

Figure 3. A case of 76 years old female patient diagnosed as comminuted fractures of the left proximal humerus. (a) An X-ray film taken before surgery, in which

the comminuted fracture of the surgical neck of humerus could be seen. (b) Radiograph was taken one day after operation for postoperative reexamination. All

fractures showed good contraposition and alignment with satisfactory internal fixation. (c) Radiograph was taken three months after operation. Fracture ap-

peared healed with good union. There was neither osteonecrosis nor fracture of humeral head. The internal fixation nails were neither pulled out nor loosened

Figure 4. A case of 85 years old female patient diagnosed as comminuted fractures of the right proximal humerus. (a) An X-ray film taken before surgery, in which

the comminuted fracture of the surgical neck of humerus could be seen. (b) Radiograph was taken one day after operation for postoperative reexamination. All

fractures showed good contraposition and alignment with satisfactory internal fixation. (c) Radiograph was taken three months after operation. The screw loos-

ened and pierced out of the locking plate fixation. Humeral head underwent varus deformity and absorption
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traditional allograft and artificial bone repair materials, the mineral-

ized collagen bone grafts were clinically supplied with fixed shape and

size, such as particle, block and strip. Such shapes of the bone graft

materials limited their application in filling and repairing for irregular

bone defect. Artificial mineralized collagen putty is a new formulation

of biomimetic mineralized collagen bone repair material. The material

is provided in the form of porous blocks. After being mixed with sa-

line or blood and pinched for about 2 minutes during the surgery, it

will form a paste which can be voluntarily shaped and used by injec-

tion. It not only meets the clinical needs of filling and repairing irregu-

lar bone defect in clinical practice of orthopedics, but could also be

used for bonding bone fragments. It makes full use of autologous

bone in fracture site, expediting fracture healing and new bone regen-

eration in bone defect. It is proven by animal experiments that the ar-

tificial mineralized collagen degrades in step with new bone

regeneration [20a]. This quality of matching and synchronization en-

dow it with excellent osteogenetic activity.

This group study, we used biomimetic mineralized collagen putty

as bone grafting material, combined with the locking plate in the

treatment of senile osteoporotic proximal humeral fracture. Bone

defect in 40 cases of senile osteoporotic fracture was packed with

biomimetic mineralized collagen putty. Observed by X-ray and clini-

cal manifestations, fracture healing of the 40 cases of senile osteopo-

rotic fracture was shown to be expedited, with fracture healed and

bone graft material absorbed within 12 weeks. Shoulder joint

showed better function than the control group while the complica-

tion rate is lower than the control group.
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