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ABSTRACT

Objective: This study aimed to salvage the study population from the fatality that occurs due to 
iatrogenic injury to the thoracic cavity’s pleural membrane.
Materials and Methods: An experimental study of temporomandibular joint arthroplasty with 
costochondral graft was carried out on 72 healthy ‘Oryctolagus cuniculus’ species of male rab-
bits. The rabbits were distributed into two age groups: growing (3–4 months) and adult (12–18 
months). All the procedures were carried out under general anesthesia with xylazine hydrochlo-
ride and ketamine hydrochloride after calculating the doses, maintained by halothane and O2 
inhalations. Out of 72 rabbits, 33 rabbits had accidental perforation of the pleural membrane 
observed that required a chest drain.
Results: In this study, 21 (63.64%) rabbits received chest drain and salvaged. The rest of the rab-
bits (n = 12; 36.36%) that did not receive any chest drain and died. Most of the rabbits (n = 17; 
81%) were under the growing group, weighing less than 2 kg and four (19%) were adult rabbits.
Conclusion: This manual chest drain is life-saving for rabbits. It is a new addition to the advance-
ment of thoracic surgery on animals. It is cost-effective and safe. The developed customized drain-
age system may make it easier to harvest the costochondral graft-related experiments.
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Introduction 

Autogenous costochondral grafts (ACGs) have been used for 
many years to reconstruct diseased or lost temporoman-
dibular joints (TMJs) [1,2]. To replace the growth potenti-
ality of condylar cartilage, which has been regarded as the 
mandible’s major growth center, is the basis for the use of 
costochondral grafts (CCGs) in growing children. [3]. It is 
thought that the growth potential of CCGs will restore nor-
mal symmetrical faces in growing children. Unfortunately, 
they still have some disadvantages related to growth pat-
terns and relapse because of the graft’s resorption or over-
growth [3–6]. Therefore, the lack of clear experimental 
evidence of predictability of growth patterns emphasizes 
further experiments that will provide the basis for apply-
ing this knowledge to humans with similar problems.

The CCG comprises a portion of the rib with a segment 
of costal cartilage and bone on the same strut [7]. The 
perichondrium covering the cartilaginous part of the CCG 
is essential for the survival of the graft. It protects the carti-
lage against fibroblastic invasion, which is responsible for 
chondrocyte destruction [8]. Again the perichondrium is a 
dense connective tissue and is the precursor of chondro-
genic cells [9], especially the proliferating chondrocytes, 
which play an essential role in mandibular growth [3]. 
Experimental studies on animals also showed that cos-
tochondral regeneration comes from the perichondrium 
[10]. But harvesting the CCG from the donor site in a con-
ventional way with an intact perichondrium increases the 
chances of pleural membrane perforation [11,12]. It is 
one of the rare donor site morbidities in humans, despite 
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its favorable anatomical and adaptive characteristics as a 
graft. This distortion of the chest wall might reduce the 
chest wall compliance, pneumothorax, lung collapse, and 
ultimate death [13]. This type of catastrophe is usually 
managed either by thoracic surgeons, pulmonary phy-
sicians, or radiologists through chest drain tubes [14]. A 
chest drainage system is commonly used in humans when 
penetrating chest trauma for maintaining negative chest 
pressure in the post-surgical period to allow lung expan-
sion [13].

It is anatomically evident that the rabbit’s pleural mem-
brane is distinctly fragile [15]. According to Du et al. [16], 
animal studies on the Japanese white male rabbits of 20 
weeks of age discovered the reason for pleural injury 
during CCGs isolation; it was due to the intimate attach-
ment of pleura to the inner surface of the rib around the 
costochondral junction [16]. Indeed, during an experi-
mental study on rabbits, there is a chance of accidental 
exposure of the thoracic cavity and the penetrating injury 
to the pleural membrane. On the other hand, there is no 
reference to support the evidence on the management of 
rabbits in the case of iatrogenic pneumothorax; it is a rare 
unavoidable complication of the rib-harvesting procedure 
of rabbits.

In this study, a novel modified CDS has been developed 
distinctly for rabbits to salvage them from the fatality in 
the peroperative and the immediate postoperative period; 
the system has been developed based on the original ‘one 
bottle’ system used for humans [14,17].

Materials and Methods

To identify the potential growth center of ACG in the TMJ, 
a prospective experimental study was carried out on 72 
clinically healthy ‘Oryctolagus cuniculus’ species, outbred 
New Zealand white male rabbits during the period of 1 
July 2018–30 June 2020. The rabbits were distributed into 
two age groups: growing (3–4 months) and adults (12–18 
months). The body weight of the rabbits ranged from 1.5 
to 2.5 kg. They were purposively collected from authentic 
sources; these were Animal Resources Branch, Laboratory 
Sciences and Services Division, icddr,b, Dhaka, and Dhaka 
University Market, Katabon, Dhaka, Bangladesh. They were 
kept in a standard environment with a nutritious diet. 
The procedures, including euthanasia, were carried out 
according to the guidelines of the Animal Experimentation 
Ethics Committee (AEEC) of Bangladesh Agricultural 
University (BAU) [ID No.- BAU (Surgery & Obstetrics 
Dept.)-17/9/2014-(01)], Mymensingh, and Institutional 
Review Board (IRB) of Bangabandhu Sheikh Mujib Medical 
University (BSMMU) (IRB; ID No. Bangabandhu Sheikh 
Mujib Medical University /2015/509), Dhaka, Bangladesh. 

The surgical procedures were carried out under general 
anesthesia in the Central Veterinary Hospital (CVH), 48 
Kazi Alauddin Road, Dhaka-1000, Bangladesh. The car-
casses were disposed of as per rules of the Central Disease 
Investigation Laboratory (CDIL), 48, Kazi Alauddin Road, 
Dhaka-1000, Bangladesh, by instantaneous destruction of 
the body in the incinerator.

Anesthesia

All the rabbits received general anesthesia under the close 
supervision of an expert veterinary anesthetist. The anes-
thetic agent was xylazine hydrochloride (3 mg/kg body 
weight, intramuscular route), followed by the use of ket-
amine hydrochloride (30 mg/kg body weight intramus-
cular route) after 5 min [18]. To maintain the anesthesia, 
halothane inhalation (up to 3.5%) with a vaporizer and O2 
(4 l/min) incrementally used as a supplement through a 
face mask [19]. Adequate anesthesia was confirmed when 
the ear pinch response and the pedal withdrawal reflex 
were absent [20].

Surgical procedure

Before surgery, the rabbits were acclimatized for 10 days 
and confirmed as healthy based on the physical exam-
ination, complete blood count, and chest x-ray [21]. After 
proper shaving and all aseptic preparations under general 
anesthesia, TMJ arthroplasty with an ACG was carried out 
in collaboration with a skilled veterinary surgeon. A slightly 
curved incision of 3–4 cm was made below the folded 
elbow parallel to the fifth or sixth rib level. Dissection 
was continued by undermining the fascia and thin pan-
niculus carnosus muscle; the latissimus dorsi muscle was 
retracted. Then, the pre-planned CCG was isolated after 
giving an incision along with the pectoralis major muscle. 
The perichondrium covering the cartilage and the perios-
teum covering the rib a few millimeters beyond the costo-
chondral junction were kept intact with the graft. Special 
attention was given to prevent the exposure of the thoracic 
cavity and injury to the pleural membrane. In the thoracic 
cavity perforation, a customized chest drain was immedi-
ately inserted to maintain negative thoracic pressure and 
treat a suspected tension pneumothorax [13,17]. Then, 
closing was carried out in layers with tight closure around 
the chest drainage tube. 

Aim for the chest drainage system

A customized CDS was aimed at in experimental rabbits 
with an iatrogenic pneumothorax to drain the entrapped 
air, blood, and fluid and restore the negative pleural pres-
sure, thereby facilitating lung expansion and reinflating a 
collapsed lung.
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Device design

This customized water seal CDS’s basic principle was to 
drain air and fluid from the pleural cavity on an exhalation 
and prevent these from returning to the lung or mediasti-
num on inhalation. Thus, the system maintained a one-way 
valve and continuous drainage (Fig. 1) [17]. 

This system consists of a 20 ccs disposable syringe 
(DPS), half-filled with normal saline with two semi-rigid 
tubes (tube A and tube B) fixed at its upper end. Tube A 
(tube to the rabbit) connected with the thoracic drainage 
tube placed in the pleural cavity, which collects air and 
fluid. Tube B (tube to the suction apparatus) was fixed 
above the saline water level and connected with a suction 
control bottle (low-pressure suction apparatus). To main-
tain an effective water seal, tube A was dipped in saline 
water so that its tip was 3–5 mm beneath the upper surface 
of saline water (water seal system). This water seal system 
acts as a one-way valve that includes a place for drainage 
collection and prevents air or fluid from returning to the 
chest. To create a pressure gradient or to apply negative 
pressure, tube B was used for air suction and decom-
pression. The suction control bottle allows the controlled 
application of suction (max. vacuum: 15 ± 1.5 kpa; max. 
capacity: 700 ml/min). The suction control chamber was 
filled to the desired height with sterile water. The suction 
machine contained a manometer with a standard scale of 
readings to measure the pleural cavity’s negative pressure. 
This negative pressure was maintained by the gradual rise 
of suction pressure (starting from −5 cm H2O reaching −10 
cm H2O) [14,17]. The high negativity, evidenced by the 
water level rise in the water seal, was observed for con-
stant or intermittent bubbling in the water seal chamber 

indicated an air leak. Although not introduced in this man-
ual system, the air-leak meter was made up of a numbered 
scale, labeled from 1 (low) to 10 (high), which was just 
above the saline water level of the 20 ccs DPS. The greater 
the height of air bubbles in the syringe, the more the air 
leaks. These air leaks either increased or decreased were 
monitored by documenting the number from the scale. Any 
drainage from the chest flowed into the water seal system 
allowed easy measurement, thereby recording the drain-
age amount. It was essential to keep the chest drainage 
unit upright at all times to maintain the saline water level. 

Methods of drain fixation

A nasogastric tube (6F) was used as a chest tube keeping 
in mind the tube’s length and internal diameter, which is 
responsible for drainage and risk of blockage. Then, the 
tube was held with an artery forceps and usually advanced 
through one of the accidentally created holes at the mid-ax-
illary level into the pleural space. The tube was placed 
carefully not to enter into the potential space between the 
pleura and chest wall. The tube’s tip was directed by direct 
visualization medially and upward, more likely to abut the 
mediastinum along with the upper border of the isolated 
graft. The tube remained inside the chest wall up to the 
chest tube’s last hole (approx. 5 mm) in the pleural cavity. 
The tube was proceeded carefully not to go too far into the 
chest and injure the lung or the heart. Further attention 
was given not to direct the tube too far beyond the medi-
astinum limit because it would have resulted in contralat-
eral pneumothorax. The diaphragm, liver, or spleen might 
be lacerated if the rabbit was not appropriately positioned, 
moved, or the chest tube was inserted too low. Usually, 
immediately after a pleural tear, the lung retracted from the 

Figure 1. A modified ‘one bottle’ chest drainage system.
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chest wall and helped the procedure. A peroperative chest 
X-ray (A-P view) was obtained to avoid complications and 
execute a successful chest drain insertion. Tube A was con-
nected with the rabbit’s chest tube, and tube B was associ-
ated with the previously built suction drainage system. The 
suction tube was adjusted as needed until a steady stream 
of bubbles was produced in the saline water column. If tube 
A was not appropriately inserted in the pleural space, no air 
would be suck out, and the level of the saline water column 
would not vary with respiration [14,17].

Mechanism of action

When the pleural pressure was positive, the pressure 
within tube A became positive as the pressure was more 
than the depth to which the tube was immersed in the 
saline water. Hence, the saline water did not enter into 
tube A. Only when this high positive air pressure in tube 
A was sucked out and released through tube B by the con-
trolled suction system, the pressure became negative, and 
then the saline water moved from the 20 ccs DPS to tube 
A and sealed the tube. Thus, no air entered into the pleu-
ral cavity or tube A. This is the water seal drainage system 
with the saline water in the DPS blocked the pleural cavity 
from the drained air or fluid and the exterior.

Securing the tube

Before the surgical procedure, the chest tube was kept in 
place by suturing it with 1-0 or 2-0 silk or other non-ab-
sorbent sutures with the abdominal wall. After the graft 
isolation and chest tube insertion, a purse-string stitch was 
given around the wound edge to secure the tube in position 
and to prevent air and water leakage. Then, the closure was 
made in layers. The sutures’ ends were tied tightly around 
that tube which provided an airtight seal. A second suture 
was placed four fingers apart from the incision site along 
the abdominal wall; thereby, it did not slip from the location.

An antibiotic ointment was applied along with the inci-
sion site. A petroleum gauze dressing was given and fixed 
with an adhesive tape. After the operation, a radiograph, 
either an AP or LP view, was taken to check the chest tube’s 
position and effectiveness on the iatrogenic pneumothorax 
(Fig. 2A–J).

Monitoring

The rabbit’s cardiorespiratory status and O2 saturation 
were monitored throughout the procedure. The recovery 
time was when ear pinch reflex and pedal withdrawal 
reflex parameters returned to the normal preoperative 
state and when the rabbit could walk [20].

Chest tube removal

Postoperatively, the chest tube was removed when there 
was no air or fluid leak or drainage for over 6 h; rabbits 

were fully orientated and stable and recovered from anes-
thetic effects.

Complications

Based on the chest drain associated complications in the 
postoperative period, to get an idea about the efficacy of 
the chest drain, the rabbits were divided into four groups: 
cardiorespiratory deficiency (Group I), systemic infection 
(Group II), others (Group III), and technical (Group IV). In 
Group I, the most remarkable complication was cardiore-
spiratory deficiency (Table 1), which aggravated without 
delay over time due to the pleural tear. In this study, this 
particular condition was managed only by a customized 
chest drain. This observed complication was supported by 
Richter and Ragaller [13]. In Group II, two rabbits devel-
oped signs and symptoms of pneumonia, and another 
one had symptoms of septicemia. However, the infected 
group of rabbits was managed correctly by administrating 
broad-spectrum antibiotics.

Additionally, the infection-related respiratory distress 
was managed by frequent mechanical ventilation along 
with an O2 supplement. In Group III, one rabbit developed 
surgical emphysema, and another one set drain insertion 
site abscess. The surgical emphysema was managed by 
medication and the natural way. The insertion site infec-
tion was managed by drainage of pus. Also, a specific 
antibiotic was administrated after the culture-sensitivity 
test. Finally, in Group IV, only one adult rabbit’s chest tube 
was blocked by a blood clot and dislodged. The complica-
tions mentioned above are also reported by other authors 
[22,23] (Table 2) (Fig. 3). 

Results

In this experimental study, pleural membrane perforation 
occurred in 33 (45.83%) out of 72 rabbits. The distorted 
chest wall configuration with pleural tear resulted in car-
diorespiratory complications and peroperative death. 
Initially, no life-saving maneuver was thought to restore 
the rabbits from the casualty, resulting in a pleural tear. 
This led to the death of 12 (36%) rabbits peroperatively. 
The death rate of growing rabbits was 24% (n = 8), and of 
the adult rabbits was 12% (n = 4). In this study, the most 
significant complication was a cardiorespiratory defi-
ciency. But there was no statistically significant difference 
between the growing and adult groups of rabbits found in 
all follow-up time (Table 1). After the insertion of a custom-
ized chest drain, 21 (63.64%) rabbits were salvaged. Most 
of them (17) were growing rabbits  (81%) (body weight 
< 2 kg) and four were adult rabbits  (19%). There was no 
peroperative death that occurred after the insertion of 
the chest drain. All the rabbits survived, except for a few 
minor complications; those were managed accordingly. 
A statistically significant difference of complications was 
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Table 1.  Mean distribution of SPO2, respiratory rate, and heart rate of a growing adult rabbit.

Subject

SPO2 (mean ± SE) in minute Respiratory rate (mean ± SE) in minute Heart rate (mean ± SE) in minute

Immediate 
without  

drain

After 15 
with drain

After 30 
with drain

Immediate 
without drain

After 15 
with drain

After 30 with 
drain

Immediate 
without 

drain

After 15 with 
drain

After 30 
with drain

Growing n = 
12 (Min, Max)

63.8 ± 	
3.1(50, 83)

93.2 ± 
0.6(91,99)

96.9 ± 
0.4(94,99)

66.6 ± 
5.0(44,100)

48.6 ± 
2.6(38,66)

45.5 ± 
2.0(35,58)

54.5 ± 
4.6(24,85)

108.8 ± 
6.0(94,168)

155.8 ± 
8.5(98,210)

Adult n = 3 
(Min, Max)

70.0 ± 	
8.7(58, 87)

94.7 ± 
1.2(93,97)

97.3 ± 
0.9(96,99)

74.3 ± 
13.4(55,100)

45.0 ± 
5.0(40,55)

38.3 ± 
2.0(35,42)

67.0 ± 
8.4(52,81)

132.0 ± 
13.3(110,156)

144.7 ± 
7.5(132,158)

Total n = 15 
(Min, Max)

65.1 ± 	
3.0(50, 87)

93.5 ± 
0.5(91,99)

97.0 ± 
0.4(94,99)

68.1 ± 
4.6(44,100)

47.9 ± 
2.2(38,66)

44.1 ± 
1.8(35,58)

57.0 ± 
4.1(24,85)

113.4 ± 
5.8(94,168)

153.6 ± 
7.0(98,210)

Test F(df) = 61.47 (1.05.26); p < 0.001; η2 = 0.825 F(df) = 20.57 (1.32.17.23); p < 0.001; η2 = 0.613 F(df) = 45.19 (2.26); p < 0.001; η2 = 0.776

Test: one-way repeated measured analysis of variance (ANOVA)
 df: degree of freedom 

Figure 2. A customized chest drain for the management of cardiorespiratory function of the rabbit and the perioperative radiographic 
changes. (A) Enlarged thoracic cavity opening due to entrance of air in the pleural cavity during breathing cycle and atmospheric 
pressure. (B) Perforated pleural membrane immediately after the chest drain fixation. (C) 20 ccs DPS with two attached semi-rigid 
tubes. (D) Chest drainage system set-up in the operation theatre. (E) Preoperative X-ray chest (A-P) view showing normal chest. (F) 
Peroperative X-ray chest (A-P) view showing features of right-sided pneumothorax; air pushed the lungs and heart toward the left side. 
(G) Preoperative X-ray chest right lateral view. (H) Peroperative X-ray chest right lateral view after pleural membrane perforation. (I) 
Chest x-ray, right lateral view showing an in-situ chest drainage system. (J) Chest x-ray, left lateral view showing an in-situ chest drain-
age system.
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also found between growing and adult rabbits wherein the 
proportion of complications was found to be high among 
the growing rabbits (Table 2).

Discussion

Exploring a human TMJ seems unethical after reconstruc-
tion with an ACG for study purposes. Therefore, consider-
ing ethical issues, the New Zealand white rabbit model was 
chosen to observe the effect of ACG by TMJ arthroplasty. 
The ACG was harvested from the donor site – thoracic cage. 
All rabbits were operated on under general anesthesia with 
the same drug, by the same veterinary anesthetist, and the 
same team of surgeons. During surgical procedures, no sig-
nificant blood loss was observed. Consequently, no blood 
transfusion was required. Special attention was conferred 
on preventing laceration to the thoracic wall and expo-
sure of the thoracic cavity, thereby injury to the pleural 
membrane.

Nevertheless, the pleural tear occurred accidentally 
due to the fragile pleural membrane [15]. Moreover, the 
pleura’s intimate attachment to the costochondral junc-
tion’s inner surface was observed [16]. However, the less 
traumatized costal cartilage harvesting technique was 
used to spare the perichondrial layer that reduced the 
donor site morbidity than the conventional method [11]. 
It is essential to preserve the perichondrium for the sur-
vival of the graft’s chondrocytes [8]. Again, retaining both 

the perichondrium and periosteum at the bone–cartilage 
junction’s potentially fragile area is essential to maintain 
adequate graft strength [12].

On the other hand, the conventional costochondral 
graft harvesting technique usually increases the chances 
of a pleural tear [11,12]; it turns to cardiorespiratory 
complications like pneumothorax, air embolism, cardiac 
dysrhythmia, and peroperative death [22]. For an ethi-
cal issue, life has intrinsic value, and no animal should be 
killed unnecessarily. Consequently, a modified chest drain-
age system was aimed to develop for preventing iatrogenic 
pneumothorax.

Iatrogenic pneumothorax is usually associated with 
severe respiratory distress, increased respiratory rate, 
decreased heart rate, dropped O2 saturation, and a sign 
of gasping. Our study observed that the above-mentioned 
conditions always improved dramatically after the imme-
diate insertion of the customized chest drain. Indeed, rab-
bits (n = 15; 71.43%) having respiratory distress signs due 
to pleural tear became normal after the chest drain inser-
tion, which was observed in the immediate postoperative 
period. However, three (25%) growing rabbits required 
bronchodilators within 24 h. But, no rabbit bronchodila-
tors were needed after 24 h. Also, the signs and symptoms 
of pneumonia were noticed in two rabbits and septicemia 
in one rabbit (17.65%). Although the infection source was 
not understandable, it could be susceptible as a subclinical 
carrier [23]. Another complication was drain insertion site 

Figure 3. Complications related to the chest drain. (A) Wound infection at the site of an inserted chest drain. 
(B) Post-septicemic health deterioration. (C) Swelling at the chest region due to surgical emphysema.

Table 2.  Chest drain-related complications in the rabbit model.

Characteristics

Chest drain used and related complications 
Chest drain 

not used
Chest drain 

required
Total 

rabbits

Cardio-pulmonary 
Group-I

Systemic 
infection Group-II

Others-
Group-III

Technical 
Group-IV

Growing rabbit 12 3 2 - 8 25 36

Adult rabbit 3 - - 1 4 8 36

Chi-square (df) = 11.36(1); p < 0.001.
df = degree of freedom.
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infection. It might be due to oro-fecal contamination by the 
rabbit itself during grooming or due to insufficient immu-
nity in the postoperative period. Apart from the mentioned 
complications, one technical difficulty was also identi-
fied in an adult rabbit where the drain tube was blocked 
by a blood clot, which might have resulted from a kink. 
Furthermore, re-expansion pulmonary edema is another 
chest drain-related complication of pneumothorax seen in 
humans [22]. But, we did not find similar complications in 
rabbits. 

Initially, we tried to manage the perforation sites by 
suturing. Still, the rapidity of enlargement of the perfo-
ration size and the pleural membrane’s fragility did not 
allow us to close the perforations. The rabbit’s condition 
deteriorated quickly, which led to death. It seems that the 
perforations rapidly enlarged due to the pressure gradient 
and entrance of air in the pleural cavity during the various 
phases of the respiratory cycle [14]. The chest drain tube 
insertion method was carried out by a direct visualization 
technique that differed from the human where generally 
dissection of the chest wall is required [22]. So, there was 
no chance of injury to the vital structures that typically 
reside in the tube’s close approximate. 

The experimental study has shown that using the cus-
tomized chest drain might salvage rabbit’s life. However, 
the fabricated digital chest drainage system is available for 
humans [17], but no such equipment is available for the 
rabbit model. Therefore, digital devices for rabbits with 
required facilities will help secure the future’s quality of 
life. This type of CDS is essential to salvage the rabbit’s’ life, 
which is yet to be developed. Thereby, this field’s advance-
ment will explore safe and inexpensive surgical research 
on rabbits, especially in the thoracic region.

It can be mentioned that a plain radiograph was taken 
to rule out the drain tube insertion complications and iden-
tify the drain tube’s exact position. Although a thoracic CT 
scan might be confirmatory [24], it was out of our facilities. 
Second, finding out the sources of chest infection was not 
possible due to the lack of advanced investigation facilities 
like cellular analysis; cytology and culture of bronchioal-
veolar fluid or polymerase chain reaction (PCR), especially 
for Pasteurella multocida and Bordetella bronchiseptica 
[23]. 

Conclusion

ACGs have been used for many decades to reconstruct non-
functional TMJs in pediatric patients. But the cardiorespi-
ratory complication is almost unavoidable due to a pleural 
tear in the conventional graft harvesting technique. It 
insisted on developing a customized chest drainage system 
to salvage the rabbit from the pneumothorax. Firstly, the 
developed customized chest drainage system would have 

been utilized to plan thoracic surgery on rabbits. Secondly, 
it will facilitate a new addition to managing accidental 
exposure of the rabbit’s thoracic cavity and pleural tear. In 
addition to that, it is not only cost-effective but also safe. 
Finally, the developed customized CDS will make it easier 
to harvest costochondral graft-related experiments. 
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