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Abstract: Diaphragmatic injury is probable in penetrating trauma to the thorax below nipple line and patients 
should be evaluated to rule it out Chest XRay , Ultrasonography , CT scan ,Pneumopertineum and abdominal 
paracentesis are usually limited in diagnosing diaphragmatic injury and many cases may be missed with these 
diagnostic modalities. Thoracoscopy is known as an accurate method for diagnosis of diaphragmatic injury. The 
purpose of this study in to introduce thoracoscopy as a procedure for diagnosis of diaphragmatic injury in stab 
wounds to the lower thoracic area and to evaluate the efficacy of physical examination with finger through the 
wound in comparison with thoracoscopy in the diagnosis of these injuries.  Hemodynamically stable patients with 
stab wound to the lower thoracic area studied. First patients examined with finger through the wound and then the 
accuracy of digital exploration in the diagnosis of diaphragmatic injury evaluated with thoracoscopy.42 patients (15 
to 30 years) studied. 30 patients (71.4%) had stab wound to left side. 28 patients (66.7%) had stab wound to anterior 
chest. Results of physical examination were positive in 7 (16.7%) negative in 32 (79.2%) and inconclusive in 3 
(7.1%) patients. All patients with diaphragmatic injury confirmed with thoracoscopy were diagnosed with digital 
exploration too; and all negative cases in physical examination had intact diaphragm in thoracoscopy. Putting 
inconclusive cases aside sensitivity specificity positive and negative predictive value of digital exploration in the 
diagnosis of diaphragmatic injuries due to stab wound to lower thoracic area were 100%.Digital exploration through 
the wound is an accurate simple and inexpensive procedure for the diagnosis of diaphragmatic injury in stab wounds 
to the lower thoracic area that without need to general anesthesia or additional incisions allows early diagnosis of 
diaphragmatic lesions in cases that the exam is inconclusive the procedure can be performed using general 
anesthesia or thoracoscopy may be considered as an alternative diagnostic method. 
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Introduction: 
The majority of diaphragm damages are caused 
bypenetrating injuries(1-5,30). During exhalation, the 
right and left diaphragms lift up to fifth rib and fifth 
intercostal space on the chest, respectively(6-10,15). In 
penetrating injuries of the chest below the nipple, the 
possibility for diaphragm damage is close to 30-42% 
(11-17, 37). Patients with penetrating injuries below the 
nipple anduppercostal edge of the chestshould be 
examined to reject diaphragm injury (18-22, 30). This is 

important, as damage to the diaphragm may be along 
withthe injuries of abdominal viscera. Moreover, 
herniation of abdominal viscera may causelife-
threatening heart and pulmonary instabilities (23-27, 
37). Stomach injury along with diaphragmatic injury 
may cause empyema (24,28). There is also a risk of 
damage to the spleen and liveralong with diaphragm 
injury. Delay in the diagnosis of diaphragmatic 
injurycan cause gradual herniation of intra-abdominal 
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and incarceratedviscera and finally their strangulation 
(23-24,29). 
There are various comments on how to deal with 
penetrating chest injuries below the nipple. Shelds 
believes thatif onlystab woundswith symptoms are 
investigated, some diaphragmruptures will remain 
undiagnosed. Pneumoperitoneum and abdominal 
paracentesisgenerally do not help in early diagnosis of 
these injuries. Sonography and CT scan are of limited 
value. In cases where the Chest X-Ray (CXRay) is 
suspected, and these tests are not able to diagnose the 
trauma,thoracoscopylaparoscopy will definitively 
confirm or deny the diaphragm injuries(31-34, 28). The 
results of Murray et al. showed that among 45 patients 
with diaphragmatic injury, 31% did not suffer from 
abdominal tendernessand 40% had normal Chest X-Ray 
(17). Jackson believes thatall patients with penetrating 
damage below the left intercostalsfourth space should 
be examined by thoracoscopy(12). Sabistondeclared 
thatin the case of upper costal edge penetrating trauma 
below the nipple,patients with epigastrium  stab wound 
should be examined by Peritoneal lavage. The Patients 
with Hemothorax or Pneumothoraxshould be examined 
by thoracoscopy. Patients with normal CXRayand 
external wounds in thoracoabdominalregionshould be 
examined by laparoscopy (30). Schwartz believes that 
in the lower chest stab wounds, following the local 
anesthetic, the finger must be entered into the thoracic 
space and the diaphragm must be touched. If the hole 
not touched by the finger,but there is a risk of damage 
to the diaphragm,diagnostic peritoneal lavage (DPL) 
should be performed. If the red cell count is between 
1,000 and 10,000 per cubic millimeter,then 
thoracoscopy should be performed (26). Fehenmo 
believes thatin the case of penetrating wounds of the 
lower chest, the diaphragmshould be touchedbythe 
finger,especially if the chest tube is inserted (34). 
Morales stated that the finger diagnosis is a simple 
method with high accuracy which allows early 
diagnosis of diaphragm rupture. This method has high 
sensitivity and negative predictive value (16). 
The objective of the present study is to introduce the 
thoracoscopy as the golden standard method for the 
diagnosis of diaphragmatic injuries forpenetrating 
injuries below thenipplein Khatam-Al-Anbia Hospital 
of Zadehan. Attempts were done to compare the clinical 
values of finger and thoracoscopyexaminations. All 
patients with a stab wound in the lower chest w 
examined bythoracoscopy following finger 
examination. By comparing the results of these two 
diagnosis methods, thesensitivity and specificity of 
clinical examination with the finger for diagnosis of 
diaphragm injurywere determined. 
Morales examined the patient with leftside abdominal 
stab wound by finger through the wound and then 
compared the obtained results with thoracoscopy and 

laparothomy. 6 patients (7.3%) couldnot be examined 
with the finger. These include four patientsdue to the 
ribs or cartilage overlapand 2 patients due to 
unwillingness for cooperation. The diaphragm damage 
was diagnosed by thoracoscopyin2 patients. According 
to Morales, the sensitivity of finger examination, 
specificity, positive and negative predictive values was 
equal to 96%, 83.3%, 91% and 93.7%, respectively 
(16). 
estrepo and Conostudied 33 patients. They found the 
sensitivity and specificity of 100% and 93.9%, 
respectively for finger examination(16). 
Nelhas studied 55 patients with penetrating stab wounds 
in left side lower chest. He reported the sensitivity, 
specificity and accuracy of thoracoscopyof 100%, 90% 
and 94%, respectively for diagnosis of diaphragmatic 
injury (18).  
Uribe has examined 28 patients with penetrating trauma 
of thoracoabdominal region. His results showed that the 
sensitivity and specificity of thoracoscopyfor diagnosis 
of diaphragmatic injuryis equal to 100%(35). Spann and 
LazdunskiLang studied 26 and 14 patients, respectively. 
Their results also showed that sensitivity and specificity 
of thoracoscopyfor diagnosis of diaphragmatic injury is 
equal to 100% (35). 
 
Methods : 
The sampling method is the simple available 
successivesampling method. The statistical population 
is patients with stab wounds in lower chest who have 
referred to Khatam-Al-Anbia Hospital ofZahedanduring 
the period of study. Patients should be 
hemodynamically stable or become stable after chest 
tube insertion. Patients who have simultaneously 
traumatic limbs are includedin the population. Also, 
patients with penetrating trauma inboth sides of the 
chest who were stabilized with the insertion of bilateral 
chest tubeswere also included. 
Patients with penetrating bullet trauma, unstable 
patients and patients with abdominal trauma were 
excluded from the study population. The decision was 
taken for inserting chest tube in emergency ward or the 
surgery room considering the patient stability and the 
respiratory distress. 
After preparation of the wound andfollowing the 
anesthetic injection, the wound was examined by the 
researcher with the index finger. The examination 
results along with patient demographic information 
including age, gender, side,injured intercostal space, 
and its anteriority and posteriori were recordedin the 
checklist. 
 
Results: 
42 patients with a stab wound inlower part of the chest 
with stable vital signs were studied. The age of patients 
was ranging from 15 to 30 years old with the average 
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Diaphragm Rupture Diagnosed by 
Clinical Examination with Finger 

 

age of 22.4 years old. All patients were male (100%). 30 
patients (71.4%) suffered a left side stab wound and 12 
patients (28.6%) suffered from a rightside stab wound. 
The fifth to ninth intercostal spaces suffered from 
trauma where the seventh space had the highest 
frequency (Table 1). 

 
Table 1 - Distribution of involved intercostal space in 

patients with stab wound in lower chest 
 

Intercostal 
Space 

Number Percent 
(%) 

5 8 19.1 
6 9 21.4 
7 13 30.9 
8 7 16.7 
9 5 11.9 
Total 42 100 

 
38 patients (66.7%) suffered a stab wound anterior to 
the posterior Axillaryline and 14 patients (233%) 
suffered a posterior stab wound. All patients were 
examined by thoracoscopy in the first 24 hours after 
trauma.In 6 patients (14.3%), general anesthesia was 
used for thoracoscopy. Local anesthesia was performed 
for 1 patientdue to numerous stab wounds and for 4 
patients due to patients’ noncompliance and lack of 
good vision of diaphragm. One patient firstly was put 
under general anesthesia due to possibility of diaphragm 
rupture. In none of the cases,the saturation of arterial 
blood with single lung ventilation by patients or under 
general anesthesia exceedsless than 90%,and there was 
no need to terminate the operation did prematurely. 

None of the patients had any previous history of heart- 
pulmonary disease orthoracoscopy surgery. 
The results of clinical examination were positive, 
negative and inconclusive in 7 (16.7%), 32 (76.2%) and 
3 (7.1%) patients, respectively. The inconclusive cases 
were due to the ribs overlap and the lack of precisetouch 
of the diaphragm.  
The results of thoracoscopy were positive and negative 
in 7 (16.7%) 35 (83.3%) patients, respectively. There 
was no inconclusive case.In total, 16.7% of patients 
with stab wound in lower chest suffered from 
diaphragm rupture.  
All patients in whom diaphragmatic rupture was 
confirmed by thoracoscopy, were also have been 
diagnosed by clinical examination with finger. All of 
the negative cases in terms of health examinationhad 
also normal diaphragm inthoracoscopy. The 3 
inconclusive cases showed no evidence symptoms of 
diaphragm rupture in thoracoscopy clinical 
examination. 
The incidence of diaphragm rupture inleft-side and 
right-side stab wounds was equal to 6 of 30 (20%)and 1 
of 12 (8.3%), respectively. The observed difference was 
not statistically significant (P = 0.84). 
The incidence of diaphragm rupture in the anterior and 
posterior stab wounds was equal to 5 of 28 (17.9%) and 
2 of 14 (14.3%), respectively. The observed difference 
was not statistically significant (P = 0.174).With 
excluding 3 inconclusive cases, the sensitivity, 
specificity and positive and negative predictive values 
of 100% are calculated for the examination with finger 
fordiagnosis of diaphragm rupture caused by the lower 
chest stab wound: 
 
 

 

Diaphragm Rupture Diagnosed by Thoracoscopy 
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=
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Positive Negative Total 

Positive 7 0 7 

Negative 0 32 32 

Total 7 32  
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Discussion: 
In this study, the mean age of patients was 22.4 years 
oldwhich is comparable to the literature review 
conducted by the Shah. The third decade was known as 
the most common ages in various studies. In this study, 
all patients were male,while the ratio of men to women 
was 4 to 1 in Shah’s study. Diaphragm trauma in men is 
much more than women.Thisdifference is due to 
inclusion of blunt trauma cases in Shah’s review,while 
only stab wounds were investigated in the present study. 
The social and cultural issues are also involved in the 
observed difference(27). 
71.4% of patients suffered a left side stab wound which 
is consistent with the results of Dudley. Basically,the 
most attackers are right-handed,and there is aclose 
relationship between this regionand the target, i.e. the 
heart, therefore mostthoracoabdominalinjuries occur on 
the left side (9). 
Also, the incidence of diaphragm rupture in left side and 
right sidestab woundswas equal to 20% and 80%, 
respectively. Although there is no statistically 

significant difference between the values,but they are in 
good agreement with studies which reported the most 
incidence of penetrating traumaon left side (34). The 
incidence of diaphragm rupture in the anterior and 
posterior stab wounds was equal to17.9% and 14.3%, 
respectively. Although there is also no statistically 
significant between values,but they are in good 
agreement with studies which have reported the most 
incidence of the diaphragm rupture in anteriorstab 
wound(34). 
The clinical examination with finger was inconclusive 
for 7.1% of patients due to ribs overlapand lack of 
precise touch of the diaphragm. The results of Morales 
also showed that7.3% of patients examined by clinical 
examination with finger were inconclusive due to ribs 
overlap (4.9%) and patient noncompliance (2.4%). 
There were no such cases in the present study because 
the examination with finger was performed in the 
operating room following the intercostal anesthesia or 
general anesthesia in the cases where there was no 
possibility for clinical examination 

due to patient noncompliance in emergency ward (16). 
In the present study,16.7% of patients suffered from 
diaphragm rupture which is comparable with other 
studies that have reported the incidence of diaphragm 
rupture in the range of 7% to 32 %(13, 17, 34 and 
36).The sensitivity and specificity of 100% was 
obtained for examination with finger for diagnosis of 
diaphragm rupture caused by the lower chest stab 
wound. Morales has reported the sensitivity and 
specificity of 96% and 83.3%, respectively. The 
sensitivity of 100% and the specificity of 93.9 have 
been reported by Restrepo and Vano. There were only 2 
false negative cases in Morales’s study which were 
inconclusive by clinical examination with finger.  
 
Conclusion: 
It seems that the number of such cases can be reduced 
by intercostal anesthesia and most careful clinical 
examination with finger and thereby specificity can 
beincreased. According to Morales, it can be said 
thatthe examination with finger is a simple and low cost 
method with high sensitivity and negative predictive 
value. It allows the early diagnosis of diaphragm rupture 
without the need for general anesthesia or an additional 
incision. In cases where the examination is 
inconclusive, the examination under general anesthesia 
or thoracoscopy can beconsidered as an alternative 
diagnostic method (16). 
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