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BACKGROUND: With the development of internal fixation materials, simple operation with 

internal fixation has become a tendency. Ni-Ti shape memory alloy embracing fixator has such 

advantages as slight injury, easy operation, security, reliable fixation, and better histocompatibility. 

The present study was to explore curative effect and postoperative results of Ti-Ni shape memory 

alloy embracing fi xator in patients with multiple fractured ribs and fl ail chest.

METHODS: The curative effect and long-term follow-up results were observed after internal 

fi xation with a shape memory alloy embracing fi xator in patients with multiple fractured ribs and fl ail 

chest from January 2006 to December 2009.

RESULTS: All patients were cured with an average hospital stay of 10.31±3.14 days. 

Post-operative pain was less severe than preoperative pain (P=0.02).The rate of postoperative 

complications such as atelectasis, pulmonary infection, etc was 17.65%. There were fewer long-term 

complications and less infl uence on daily work and life.

CONCLUSIONS: It is practical to perform an operation for fracture of multiple ribs using a Ti-Ni 

shape memory alloy embracing fi xator. The fi xator, which is less traumatic, simple, safe, and reliable, 

has a good-histocompatibility and fewer postoperative complications.
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INTRODUCTION
Rib fracture is the most common disease in chest 

trauma, which accounts for 55%.
[1]

 Flail chest caused 

by rib fractures in different places is one of the six 

death causes in the early stage of chest trauma,
[2]

 and 

the mortality of flail chest with lung amalgamation 

reaches up to 42%.
[3,4]

 With the development of internal 

fixation materials, simple operation for internal fixation 

has become a tendency.
[5,6]

 Ni-Ti shape memory alloy 

embracing fi xator has such advantages as slight trauma, 

easy operation, security, reliable fixation, and better 

histocompatibility. From January 2006 to December 

2009 we treated 17 patients with multiple fractured ribs 

or fl ail chest at our hospital.

METHODS
Patients

In this series, 12 patients were male and 5 female; 

their average age was 42±15.4 years (range, 21 to 65 

years). Rib fracture (range, 3 to 11) was found in 5 

patients and fl ail chest in 6 patients. The causes of injury 

were traffic accidents in 13 patients, falls from heights 

in 2, crush accidents in 2, associated chest injuries in 11 

(lung amalgamation in 6, hemopneumothorax and (or) 

pneumatothorax in 10). All patients were diagnosed by 

X-ray or CT thin slice scan.

Treatment
All patients received operative treatment at the 
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thoracic surgery department of our hospital within 

24 hours. For internal fixation an oblique or straight 

sub-axillary incision in 8 to 12 cm length was made 

correspondingly according to rib fracture positions 

and numbers. Muscles were separated on the basis of 

chest muscle direction in multipoints, while exposing 

fragments of rib fractured bone, uncovering the 

periosteum 2 to 3 cm from the two ends for anatomical 

reduction. Subsequently the corresponding size of Ti-

Ni shape memory alloy embracing fi xator was selected 

and put into steriled ice water. After the amplectant 

arms were opened slowly, the fi xator was quickly put 

into the fragments of rib fractured bone. 

After operation, antibiotics were commonly 

used in the preoperative period to strengthen the 

lung management and prevent from complications. 

A thoracic catheter was removed according to chest 

X-ray and thoracic drainage.

Observational indexes

Subjective sensation of pain
Visual Analogue Scales

[7]
 (VASs) (0: without 

pain, 10: the most severe pain) were recorded on the 

preoperative day, 1st day, and 7th day, and the 1st, 

3rd, 6th, and 12th months after operation.

Long-term follow-up
Telephone was used in  fol low-up but  some 

patients were followed up by clinical service  or 

outpatient visit after operation. The time of follow-

up was 3 to 12 months after operation. The items of 

follow-up included life quality indexes such as mental 

status ,VAS, chest discomfort, sleep quality, working 

and living conditions.

Figure 1. Perioperative X-ray of internal fi xation with a Ti-Ni shape memory alloy embracing fi xator

Statistical analysis
Income measures were deal t  with s tat is t ics 

SPSS13.0 software package. Enumeration count 

data were expressed by n, and measurement data 

were expressed by means of standard deviation and 

analyzed with analysis of variance or Student's t test.

RESULTS
In this series, all of the 17 patients were cured by 

placement of a drainage tube for an average of 4.3±1.4 

days. Their median length of hospital stay was 10. 

31±3.14 days. Postoperative pulmonary infection and 

atelectasis occurred in 3 and 2 patients respectively 

with an incidence of 17.65%. The condition of rib 

contraposition and resetting was so good that it held 

the chest integral without thoracocyllosis, obstacle 

of the chest, shoulder and upper limbs (Figure 1). 

Their postoperative VASs were 7.4±1.7 at the first 

day and 5.6±1.8 at the first week. Compared with 

preoperative VASs (7.7±2.1), the postoperative ones 

were signifi cantly different (P=0.03) (Table 1).

All but two patients were followed up, and ten 

Time Number of patients Rate (%) VASs

Before operation 17 100 7.7±2.1

1st day after operation 17 100 7.4±1.7
#

1st week after operation 17 100 5.6±1.8

1st month after operation 17 100 5.1±1.4

3rd month after operation 10   66.67 3.2±1.2

6th month after operation   5   33.33 2.8±1.3
##

1st year after operation   2   13.33 2.4±0.98

Table 1. Comparison of VASs

Comparison of groups, P=0.02;compared with that preoperation, 
#
P=0.06;compared with that in the 1st year after operation, 

 ## 
P=0.07.
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experienced chest pain of different degree at night after 

operation in three months. Five patients experienced mild 

pain after operation within 6 months and 2 patients had mild 

pain after operation in the twelfth month. VASs showed a 

downward tendency, but there was no signifi cant difference 

between them nor difference between the sixth month and 

the twelfth month (P=0.07). Seven patients presented with 

sensation of foreign body in the chest. With the relief of pain, 

their sleep quality gradually improved; all patients could 

sleep 7 hours in the twelfth month, and had effect on their 

routine work (Table 2).  

 

DISCUSSION
Multiple rib fractures and flail chest constitute 

one of  the severe chest  t raumas.  Conservat ive 

treatment easily leads to thoracic deformity, long-term 

severe pain, respiratory complications, and delayed 

pneumothorax. But there is much controversial 

whether it is necessary to take an active fi xation or not. 

Balci et al
[6,8]

 found that internal fi xation was superior 

to non-internal fixation in ICU stay, mechanical 

ventilation, pulmonary infection, sepsis, airway injury, 

mortality, hospitalization and other indicators of 

patients. From our practice we think internal fixation 

should be taken actively since it is benefi cial to early 

recovery of the patient. Indications of this fixation 

include: (1) exploratory thoracotomy; (2) flail chest; 

(3) obvious thoracic abnormalities; and (4) severe pain 

or strong surgical demanding. The fi rst three are direct 

indications for surgery, which is similar to the report 

by Nirula et al.
[9]

 In our 17 patients, 6 had fl ail chest, 

6 had multiple rib fractures without significant flail 

chest but thoracic deformity, and 5 had other causes of 

chest surgery simultaneously. In the patient with root 

fracture ≤ 3 without obvious dislocation, displacement, 

no significant pain or thoracic deformity, surgery 

should not be performed for internal fi xation.

Preoperative X-ray is important for surgical 

incision. According to the position and number of rib 

fractures appropriate oblique or vertical incision can 

be made. In our series, one patient was placed seven 

Ni-Ti memory alloy devices for internal fi xation of 3-5 

ribs, which are under the shoulder where blade block 

is difficult to expose. Claws of an embracing fixator 

should be distracted to the maximum before placing, 

while adjusting the major axis angle according to 

the curvature of the ribs, which is good for device 

insertion. Ni-Ti shape memory alloy devices are 

not removed usually.
[10]

 Three patients in our series 

required surgery for removal of foreign body. A small 

incision was made, and after soaking in disinfected ice 

water immersion for 1-2 minutes, the cock clamp arm 

would be surrounded by one side. The operation is 

simple and short, and the appropriate operative time is 

one year after internal fi xation.

Synthetic resin of internal fi xation has absorbable 

characteristics, without second surgery for removal, 

but fixed insertion place is bone marrow cavity 

which may induce rib infection, insuffi cient thickness 

of cortical bone defects and poor fixity.
[11]

 Ni-Ti 

memory alloy devices are more advantageous than 

other types of internal fixation materials. Patients 

in our series received surgery within 24 hours after 

injury. Stable and reliable anatomic reduction after 

fractures eliminated abnormal stimulation to fracture 

fragments and alleviated the pain effectively (P 

<0.05). At the same time, the operation shortened 

extubation time, helped the patient to spit sputum 

effectively, reduced the incidence rates of ARDS and 

pulmonary complications, and restored the integrity 

and stability of the thorax.
[12]

 Ni-Ti shape memory 

alloy devices fi xation has less long-term complications 

and thoracic deformity. Chest pain and sensation of 

foreign body are the main complaints of discomfort, 

and the pain can be alleviated obviously within 6 

months after surgery (13.33%). But there is long-term 

chest discomfort (46.67%), this is why our 3 patients 

required the removal of internal fi xation.

 In short, Ni-Ti memory alloy devices fixation is 

good for the recovery of patients with multiple rib 

fractures and fl ail chest. It is an advanced and practical 

treatment method.
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Time
Chest 
discomfort

Infl uences of
  work and life

Sleep

no light severe 3h 5h 7h

3rd month after operation 7   0    12 3 2 10   5

6th month after operation 7   5 10 0 0   3 12

1st year after operation 7 10   5 0 0   0 15

Table 2. Results of long-term follow-up
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