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Introduction
Median sternotomies are the most commonly performed 
osteotomy in the world1. Sternotomy is the best trans-sternal 
approach for accessing lesions localized to the vertebral 
bodies of the upper thoracic spine2-3, and it is a standard 
incision for thoracic and cardiac surgery.

Despite the popularity of median sternotomy, complications 
such as nonunion, persistent pain, and infection occur in 
0.3% to 5% of cases and are associated with a 14% to 47% 
mortality rate if mediastinitis supervenes. The morbidity, 
mortality, and expenses associated with these complications 
continue to make their prevention and treatment of great 
importance. 

The continuous motion between the halves of the divided 
sternum resulting from the lack of immobilization causes 
postoperative sternal instability5, which is the most import-
ant factor in postoperative morbidity and mortality. Provid-
ing greater stability3-6 and promoting primary osseous 
healing is crucial for preventing these complications7-12. The 
most important factor in preventing the major complica-

tions, particularly sternal instability and associated pain is a 
stable sternal approximation. 

More than 40 different techniques have been described for 
closing median sternotomy12-16. The biomechanical charac-
teristics of different sternal closures may substantially 
improve sternotomy reduction and stability17-19. In particu-
lar, interlocking sternotomy appears to offer better stability 
and greater surface area for bone healing than other 
techniques. However, A study which has compared the two 
techniques objectively in terms of postoperative pain, 
sternal instability and respiratory function is needed. There-
fore, this study was designed to analyze these outcomes 
following either straight or interlocking sternotomy in 
patients undergoing open heart surgery. 

Material & Methods 
Two different surgical teams routinely performed either 
interlocking sternotomy (Group I) or straight sternotomy 
(Group II) for cardiac surgery at the National Herat Founda-
tion Hospital & Research Institute. We compare postopera-
tive pain, sternal instability and respiratory function in 40 
consecutive patients operated by each group (total of 80 
patients) between January and December 2018. 
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Abstract 
Aim: To increase the stability of sternotomy and so decrease the complications because of instability. Stable sternal approxi-
mation is an important factor to avoid respiratory and other complications after cardiac surgery. In this study comparison 
between   interlocking sternotomy and straight sternotomy is done in terms of sternal stability, pain and respiratory function. 
Methods: Eighty patients scheduled for cardiac surgery underwent a standard midline sternotomy (n=40) or an interlocking 
sternotomy (n=40). The features assessed were pain on visual analogue scale during rest and during cough, three balls spirom-
etry and sternal instability. Evaluation was performed on the first, fourth post-operative days, on discharge and one month and 
three months follow up.
Results: Analysis of the three balls spirometry test, visual analogue ratings of pain intensity at rest and on coughing were 
carried out for each group on post-operative periods. MBC is significantly higher in the interlocking sternomy group, 
(P=0.05). Both the groups exhibited a trend towards increase in MBCs on subsequent follow-up up to 3 months after surgery. 
In the interlocking sternotomy group pain on coughing was significantly less than straight sternotomy group (median 0.5 vs 
2.8, P=0.005) at 1 month follow up and at 3 months (median 0 vs 1.6, P=0.003).
Conclusion: Interlocking sternotomy results in good functional outcome and less painful alternative to straight sternotomy. 
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Informed consent was obtained from all the patients and it 
was ensured that they had no alteration in cognitive 
function, had fluent language comprehension and under-
standing ability. If the selection criteria were not fulfilled, 
they were excluded from the study. Patients with risk factors 
to wound healing such as obesity, diabetes, bilateral internal 
mammary artery grafting, osteoporosis, repeat operations 
were also excluded. Complete understanding about the 
visual analogue scale (VAS) and three balls spirometry test 
was ensured pre-operatively.  
Visual analogue scales (VAS) are 10-cm lines anchored at 
the ends by words that define the bounds of various pain 
dimensions. The patient is asked to place a vertical mark on 
the scale to indicate the level of intensity of his or her pain. 
The following are two VAS examples:

No Pain  Worst Possible Pain
No Anxiety Worst Possible Anxiety

Surgical technique
In group I (ILS) an interlocking sternotomy was performed 
with three zigzag osteotomy lines approximately 150 
degrees to each other in coronal plane. Each osteotomy line 
was perpendicular to the previous line. Median sternotomy 
was performed as a straight osteotomy line in the 
cranio-caudal direction. sternum was approximated using 
eight sutures of stainless-steel sutures at the end of surgery. 

After extubation pain was assessed using a VAS (0 cm=no 
pain and 10 cm = worst pain imaginable) both at rest and 
during coughing. Pain intensity was documented on day 
one, four, on the day of discharge and in the early post-oper-
ative period at one and three months follow up. Sternal 
instability was tested in all patients on day one, four, at 
discharge and at one and three months follow up according 
to the sternal instability grades of motion defined by El-An-
sary et al20. Analysis of the three-ball spirometry test, visual 
analogue ratings of pain intensity at rest and at   coughing 
were carried out for each of the group only for those patients 
who completed the mandatory follow up of three months. 

Three-minute respiratory exerciser test (3MRET)
This test scored the maximal breathing capacity (MBC) by 
repetitive inspiratory efforts within three minutes, based on 
an incentive spirometry, Respirometer (Romsons Interna-
tional, India) that was routinely used in our hospital for the 
purpose of chest physiotherapy. By repeated inspiratory 
effort, patients were asked to get as many balls as possible to 
reach the top of each of the three columns (A, B and C) 
within three minutes. Columns A, B and C required flow 
rates of 600 ml/min, 900 ml/ min and 1200 ml/min               
respectively to bring the balls to reach the top, and as such, 
required the generation of sufficient inspiratory effort on the 
part of the subject to achieve this. When all three balls 
reached their column tops, it indicated that the subject was 
able to generate inspiratory airflow of 1200 ml/ml. When 
only two balls reached their column tops, it indicated that 

the subject generated 900 ml/min. When only one ball 
reached their column tops, it indicated that the subject could 
only generate 600 ml/min. The cumulative times of three 
balls, two balls or one ball reaching the column top became 
an index of maximal breathing capacity (MBC score), and 
the formula used was as follows: MBC score= (number of 
times that all three balls reached the top of columns) x 2 + 
(number of times that two balls reached the column top) x 
1.5 + (number of times that only one ball reached the 
column top) x 1.

Test for sternal stability
The testing procedure consisted of palpation of the sternum 
by placing three fingers along the median sternal ridge and 
noting motion and separation during shoulder flexion and 
abduction, deep inspiration and coughing. Results were 
recorded as a single grade. Sternal regions were assessed 
(e.g., upper, middle and lower segments) and graded 
separately if regional variation in separation or motion was 
present20.

Statistical analysis 
Descriptive statistics i.e., mean, median and standard         
deviations have been calculated for continuous variables in 
both the groups. To see the significant difference between 
the two groups, Student's - t test and Mann-Whitney U test 
were performed wherever appropriate at each level of the 
parameter. To see the trend within the variable for both the 
groups Friedman Two-way analysis of variance was 
performed with post hoc analysis. SAS 25.0 statistical 
package was used for the statistical analysis. 

Results 
Mean age of the patients in groups I and II was 37 ± 14.3 and 
46 ± 12.5 yr respectively (Table I). 

Table I: Demographic Data

Procedure Group A Group B

Age (Mean ± SD)   (38±15.20)  (45±13.5)  
         Range   18-65 22-67

Type of surgery  
 
CABG 10 17
MVR 15 10
AVR  6 5
DVR 3 3
ASD closure  6 5

Total 40 40

CABG, coronary artery bypass grafting; MVR, mitral valve replacement; 
AVR, aortic valve replacement; DVR, double valve replacement; ASD, 
atrial septal defect.

In group I there is no mortality after operation. There were 
no cases of re-exploration. Patients were discharged on 5 ± 
0.61 (days 5-7) post-operative day. No patient had sternal 

instability during the hospital stay. No patient costochondri-
tis was present at one month follow up.  

Group II, all patients survived the operation. One patient 
was re-explored, two patients had grade 1 sternal instability 
at the time of discharge, which healed on subsequent follow 
up. Patients were discharged on 5 ± 2.63 (day 5-10) post- 
operative day. At one month follow up, two patients had 
grade 1 sternal instability, four patients had costochondritis 
and one patient had frank infection from the upper end. 

MBC 
There was no significant difference in the pre-operative 
MBCs in both the groups (Table II). On the 1st, 4th  post- 
operative day, 0n discharge and on 1st month of follow-up 
MBC is significantly higher than group II. (P=0.05). Both 
the groups exhibited a trend towards increase in MBCs on 
subsequent follow-up up to 3 months after surgery. 

Table II: Comparison of MBC in two groups

* P value <0.01
M, mean; SD, standard deviation; MBC, Maximum Breathing Capacity

VAS 
There was no difference between groups in pain scores 
assessed by VAS at rest and with cough on first post-         
operative da. (Table III). At the 4th  post-operative day and at 
the time of discharge there was significant difference in pain 
scores at rest and  during coughing. Group I exhibited less 
pain as compared to group II (P < 0.05). At one month 
follow up postoperative pain at rest as well as on coughing 
((P<0.005) was significantly less in group I. Pain on cough-
ing was present in both the groups at 3 month follow up but 
in the group I it was significantly less (P<0.05). As evident 
from Table I, the surgical procedures in both the groups 
were different. ANOVA was applied between the groups at 
different follow up periods up to three months to assess the 
impact of surgery on the tested parameters. The number of 
surgeries in both the groups was limited, hence it was not 
possible to document the effect of surgery on these parame-
ters. Age has been considered as covariate in the analysis 
but it was not found to have significant effect on the tested 
parameters. 

Table III: Comparison of Visual Analogy Score in cm

F.U M/SD       RVAS      CVAS
  ILS SS ILS SS
Day-1 M 3.30 4.83 5.23 5.88
D SD 2.15 3.10 1.50 2.63
Day-4 M 2.31* 2.84 4.34 5.35
 SD 2.58 2.30 3.10 3.85
Discharge M 1.47* 2.50 2.76* 3.85
 SD 2.30 2.03 2.50 3.15
1.m.F.U Med 0 1.40* 1.5* 2.8*
 Range 0-7.5 1.5 6-3.8 0-7
3.m.F.U Med 0 0.5 0* 1.6*
 Range 0-0.3 0-1.5 0-1 0-6

* P value <0.01
M, mean; SD, standard deviation; Med, median; RVAS, 
visual analogue scale at rest; CVAS, visual analogue scale 
on coughing

Discussion
Like any other bone, sternum is involved in a variety of 
physiological processes and is capable of a number of 
biological responses to injury or stress. The periosteum is 
highly vascular and copiously supplied with both free nerve 
endings and encapsulated endings; the free nerve endings 
are thought to generate painful discharges, while the encap-
sulated endings are thought to be sensitive to pressure21-23. 
Surgical trauma leading to mechanical disruption results in 
a neurogenic inflammatory response and the eventual 
release of chemicals that sensitize high threshold nocicep-
tors, resulting in the phenomenon of peripheral sensitiza-
tion. Following sensitization, low intensity mechanical 
stimuli, which would not normally cause pain, are perceived 
as painful24. Interlocking sternotomy reduces pain due to 
bony trauma and sternum instability. By preventing vertical 
slippage of sternal ends, interlocking sternotomy ensures 
appropriate approximation and enforces rest on the injured 
tissues, eliminating many of the stimuli that trigger local 
nociceptors. In the surgically traumatized sternum, pain is 
initially produced by the distortion or disruption of 
intramedullary nerve fibers and receptors in the broken 
bone, by stretched or disrupted receptors in the torn perios-
teum and by injury or pressure on receptors in the soft tissue 
overlying the sternotomy site. By preventing motion, the 
interlocking sternotomy reduces the stimulation of nocicep-
tors in injured tissues, reducing spasm and promoting rest. 
An appropriately performed interlocking sternotomy will 
control vertical sternal motion while healing occurs and may 
restore alignment. Interlocking sternotomy tends to return 
the rib cage to its natural alignment and restores near normal 
rib cage mechanics following open heart surgery. The 
interlocking sternotomy allows for both an oblique and 
horizontal angle of force, which is less likely to loosen than 
a straight closure, which applies tension purely in a horizon-
tal plane through the sternum, thus interlocking sternotomy 
allows for a tighter closure of the sternum..

In conclusion, interlocking sternotomy has shown several 
advantages over straight sternotomy. It minimized post-op-
erative pain, achieved better sternal stability and was associ-
ated with better respiratory function. Further studies need to 
be carried out to check the effect of interlocking sternotomy 
on rib cage mechanics with larger sample size and longer 
follow up. Long-term prospective randomized controlled 
clinical trials are required before the efficacy of either 
technique is fully established.
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Informed consent was obtained from all the patients and it 
was ensured that they had no alteration in cognitive 
function, had fluent language comprehension and under-
standing ability. If the selection criteria were not fulfilled, 
they were excluded from the study. Patients with risk factors 
to wound healing such as obesity, diabetes, bilateral internal 
mammary artery grafting, osteoporosis, repeat operations 
were also excluded. Complete understanding about the 
visual analogue scale (VAS) and three balls spirometry test 
was ensured pre-operatively.  
Visual analogue scales (VAS) are 10-cm lines anchored at 
the ends by words that define the bounds of various pain 
dimensions. The patient is asked to place a vertical mark on 
the scale to indicate the level of intensity of his or her pain. 
The following are two VAS examples:

No Pain  Worst Possible Pain
No Anxiety Worst Possible Anxiety

Surgical technique
In group I (ILS) an interlocking sternotomy was performed 
with three zigzag osteotomy lines approximately 150 
degrees to each other in coronal plane. Each osteotomy line 
was perpendicular to the previous line. Median sternotomy 
was performed as a straight osteotomy line in the 
cranio-caudal direction. sternum was approximated using 
eight sutures of stainless-steel sutures at the end of surgery. 

After extubation pain was assessed using a VAS (0 cm=no 
pain and 10 cm = worst pain imaginable) both at rest and 
during coughing. Pain intensity was documented on day 
one, four, on the day of discharge and in the early post-oper-
ative period at one and three months follow up. Sternal 
instability was tested in all patients on day one, four, at 
discharge and at one and three months follow up according 
to the sternal instability grades of motion defined by El-An-
sary et al20. Analysis of the three-ball spirometry test, visual 
analogue ratings of pain intensity at rest and at   coughing 
were carried out for each of the group only for those patients 
who completed the mandatory follow up of three months. 

Three-minute respiratory exerciser test (3MRET)
This test scored the maximal breathing capacity (MBC) by 
repetitive inspiratory efforts within three minutes, based on 
an incentive spirometry, Respirometer (Romsons Interna-
tional, India) that was routinely used in our hospital for the 
purpose of chest physiotherapy. By repeated inspiratory 
effort, patients were asked to get as many balls as possible to 
reach the top of each of the three columns (A, B and C) 
within three minutes. Columns A, B and C required flow 
rates of 600 ml/min, 900 ml/ min and 1200 ml/min               
respectively to bring the balls to reach the top, and as such, 
required the generation of sufficient inspiratory effort on the 
part of the subject to achieve this. When all three balls 
reached their column tops, it indicated that the subject was 
able to generate inspiratory airflow of 1200 ml/ml. When 
only two balls reached their column tops, it indicated that 

the subject generated 900 ml/min. When only one ball 
reached their column tops, it indicated that the subject could 
only generate 600 ml/min. The cumulative times of three 
balls, two balls or one ball reaching the column top became 
an index of maximal breathing capacity (MBC score), and 
the formula used was as follows: MBC score= (number of 
times that all three balls reached the top of columns) x 2 + 
(number of times that two balls reached the column top) x 
1.5 + (number of times that only one ball reached the 
column top) x 1.

Test for sternal stability
The testing procedure consisted of palpation of the sternum 
by placing three fingers along the median sternal ridge and 
noting motion and separation during shoulder flexion and 
abduction, deep inspiration and coughing. Results were 
recorded as a single grade. Sternal regions were assessed 
(e.g., upper, middle and lower segments) and graded 
separately if regional variation in separation or motion was 
present20.

Statistical analysis 
Descriptive statistics i.e., mean, median and standard         
deviations have been calculated for continuous variables in 
both the groups. To see the significant difference between 
the two groups, Student's - t test and Mann-Whitney U test 
were performed wherever appropriate at each level of the 
parameter. To see the trend within the variable for both the 
groups Friedman Two-way analysis of variance was 
performed with post hoc analysis. SAS 25.0 statistical 
package was used for the statistical analysis. 

Results 
Mean age of the patients in groups I and II was 37 ± 14.3 and 
46 ± 12.5 yr respectively (Table I). 

Table I: Demographic Data

Procedure Group A Group B

Age (Mean ± SD)   (38±15.20)  (45±13.5)  
         Range   18-65 22-67

Type of surgery  
 
CABG 10 17
MVR 15 10
AVR  6 5
DVR 3 3
ASD closure  6 5

Total 40 40

CABG, coronary artery bypass grafting; MVR, mitral valve replacement; 
AVR, aortic valve replacement; DVR, double valve replacement; ASD, 
atrial septal defect.

In group I there is no mortality after operation. There were 
no cases of re-exploration. Patients were discharged on 5 ± 
0.61 (days 5-7) post-operative day. No patient had sternal 

instability during the hospital stay. No patient costochondri-
tis was present at one month follow up.  

Group II, all patients survived the operation. One patient 
was re-explored, two patients had grade 1 sternal instability 
at the time of discharge, which healed on subsequent follow 
up. Patients were discharged on 5 ± 2.63 (day 5-10) post- 
operative day. At one month follow up, two patients had 
grade 1 sternal instability, four patients had costochondritis 
and one patient had frank infection from the upper end. 

MBC 
There was no significant difference in the pre-operative 
MBCs in both the groups (Table II). On the 1st, 4th  post- 
operative day, 0n discharge and on 1st month of follow-up 
MBC is significantly higher than group II. (P=0.05). Both 
the groups exhibited a trend towards increase in MBCs on 
subsequent follow-up up to 3 months after surgery. 

Table II: Comparison of MBC in two groups

* P value <0.01
M, mean; SD, standard deviation; MBC, Maximum Breathing Capacity

VAS 
There was no difference between groups in pain scores 
assessed by VAS at rest and with cough on first post-         
operative da. (Table III). At the 4th  post-operative day and at 
the time of discharge there was significant difference in pain 
scores at rest and  during coughing. Group I exhibited less 
pain as compared to group II (P < 0.05). At one month 
follow up postoperative pain at rest as well as on coughing 
((P<0.005) was significantly less in group I. Pain on cough-
ing was present in both the groups at 3 month follow up but 
in the group I it was significantly less (P<0.05). As evident 
from Table I, the surgical procedures in both the groups 
were different. ANOVA was applied between the groups at 
different follow up periods up to three months to assess the 
impact of surgery on the tested parameters. The number of 
surgeries in both the groups was limited, hence it was not 
possible to document the effect of surgery on these parame-
ters. Age has been considered as covariate in the analysis 
but it was not found to have significant effect on the tested 
parameters. 

Table III: Comparison of Visual Analogy Score in cm

F.U M/SD       RVAS      CVAS
  ILS SS ILS SS
Day-1 M 3.30 4.83 5.23 5.88
D SD 2.15 3.10 1.50 2.63
Day-4 M 2.31* 2.84 4.34 5.35
 SD 2.58 2.30 3.10 3.85
Discharge M 1.47* 2.50 2.76* 3.85
 SD 2.30 2.03 2.50 3.15
1.m.F.U Med 0 1.40* 1.5* 2.8*
 Range 0-7.5 1.5 6-3.8 0-7
3.m.F.U Med 0 0.5 0* 1.6*
 Range 0-0.3 0-1.5 0-1 0-6

* P value <0.01
M, mean; SD, standard deviation; Med, median; RVAS, 
visual analogue scale at rest; CVAS, visual analogue scale 
on coughing

Discussion
Like any other bone, sternum is involved in a variety of 
physiological processes and is capable of a number of 
biological responses to injury or stress. The periosteum is 
highly vascular and copiously supplied with both free nerve 
endings and encapsulated endings; the free nerve endings 
are thought to generate painful discharges, while the encap-
sulated endings are thought to be sensitive to pressure21-23. 
Surgical trauma leading to mechanical disruption results in 
a neurogenic inflammatory response and the eventual 
release of chemicals that sensitize high threshold nocicep-
tors, resulting in the phenomenon of peripheral sensitiza-
tion. Following sensitization, low intensity mechanical 
stimuli, which would not normally cause pain, are perceived 
as painful24. Interlocking sternotomy reduces pain due to 
bony trauma and sternum instability. By preventing vertical 
slippage of sternal ends, interlocking sternotomy ensures 
appropriate approximation and enforces rest on the injured 
tissues, eliminating many of the stimuli that trigger local 
nociceptors. In the surgically traumatized sternum, pain is 
initially produced by the distortion or disruption of 
intramedullary nerve fibers and receptors in the broken 
bone, by stretched or disrupted receptors in the torn perios-
teum and by injury or pressure on receptors in the soft tissue 
overlying the sternotomy site. By preventing motion, the 
interlocking sternotomy reduces the stimulation of nocicep-
tors in injured tissues, reducing spasm and promoting rest. 
An appropriately performed interlocking sternotomy will 
control vertical sternal motion while healing occurs and may 
restore alignment. Interlocking sternotomy tends to return 
the rib cage to its natural alignment and restores near normal 
rib cage mechanics following open heart surgery. The 
interlocking sternotomy allows for both an oblique and 
horizontal angle of force, which is less likely to loosen than 
a straight closure, which applies tension purely in a horizon-
tal plane through the sternum, thus interlocking sternotomy 
allows for a tighter closure of the sternum..
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F.U  ILS  SS  

M  SD  M  SD  

MBC -Pre  230  36  227 34  

MBC -1 156*  33  120*  37  

MBC -4 171*  35  136*  32  

Discharge 185*  34  156*  35  

MBC -1m  190*  33  175*  34  

MBC -3m  220  35  218  32  

In conclusion, interlocking sternotomy has shown several 
advantages over straight sternotomy. It minimized post-op-
erative pain, achieved better sternal stability and was associ-
ated with better respiratory function. Further studies need to 
be carried out to check the effect of interlocking sternotomy 
on rib cage mechanics with larger sample size and longer 
follow up. Long-term prospective randomized controlled 
clinical trials are required before the efficacy of either 
technique is fully established.
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Informed consent was obtained from all the patients and it 
was ensured that they had no alteration in cognitive 
function, had fluent language comprehension and under-
standing ability. If the selection criteria were not fulfilled, 
they were excluded from the study. Patients with risk factors 
to wound healing such as obesity, diabetes, bilateral internal 
mammary artery grafting, osteoporosis, repeat operations 
were also excluded. Complete understanding about the 
visual analogue scale (VAS) and three balls spirometry test 
was ensured pre-operatively.  
Visual analogue scales (VAS) are 10-cm lines anchored at 
the ends by words that define the bounds of various pain 
dimensions. The patient is asked to place a vertical mark on 
the scale to indicate the level of intensity of his or her pain. 
The following are two VAS examples:

No Pain  Worst Possible Pain
No Anxiety Worst Possible Anxiety

Surgical technique
In group I (ILS) an interlocking sternotomy was performed 
with three zigzag osteotomy lines approximately 150 
degrees to each other in coronal plane. Each osteotomy line 
was perpendicular to the previous line. Median sternotomy 
was performed as a straight osteotomy line in the 
cranio-caudal direction. sternum was approximated using 
eight sutures of stainless-steel sutures at the end of surgery. 

After extubation pain was assessed using a VAS (0 cm=no 
pain and 10 cm = worst pain imaginable) both at rest and 
during coughing. Pain intensity was documented on day 
one, four, on the day of discharge and in the early post-oper-
ative period at one and three months follow up. Sternal 
instability was tested in all patients on day one, four, at 
discharge and at one and three months follow up according 
to the sternal instability grades of motion defined by El-An-
sary et al20. Analysis of the three-ball spirometry test, visual 
analogue ratings of pain intensity at rest and at   coughing 
were carried out for each of the group only for those patients 
who completed the mandatory follow up of three months. 

Three-minute respiratory exerciser test (3MRET)
This test scored the maximal breathing capacity (MBC) by 
repetitive inspiratory efforts within three minutes, based on 
an incentive spirometry, Respirometer (Romsons Interna-
tional, India) that was routinely used in our hospital for the 
purpose of chest physiotherapy. By repeated inspiratory 
effort, patients were asked to get as many balls as possible to 
reach the top of each of the three columns (A, B and C) 
within three minutes. Columns A, B and C required flow 
rates of 600 ml/min, 900 ml/ min and 1200 ml/min               
respectively to bring the balls to reach the top, and as such, 
required the generation of sufficient inspiratory effort on the 
part of the subject to achieve this. When all three balls 
reached their column tops, it indicated that the subject was 
able to generate inspiratory airflow of 1200 ml/ml. When 
only two balls reached their column tops, it indicated that 

the subject generated 900 ml/min. When only one ball 
reached their column tops, it indicated that the subject could 
only generate 600 ml/min. The cumulative times of three 
balls, two balls or one ball reaching the column top became 
an index of maximal breathing capacity (MBC score), and 
the formula used was as follows: MBC score= (number of 
times that all three balls reached the top of columns) x 2 + 
(number of times that two balls reached the column top) x 
1.5 + (number of times that only one ball reached the 
column top) x 1.

Test for sternal stability
The testing procedure consisted of palpation of the sternum 
by placing three fingers along the median sternal ridge and 
noting motion and separation during shoulder flexion and 
abduction, deep inspiration and coughing. Results were 
recorded as a single grade. Sternal regions were assessed 
(e.g., upper, middle and lower segments) and graded 
separately if regional variation in separation or motion was 
present20.

Statistical analysis 
Descriptive statistics i.e., mean, median and standard         
deviations have been calculated for continuous variables in 
both the groups. To see the significant difference between 
the two groups, Student's - t test and Mann-Whitney U test 
were performed wherever appropriate at each level of the 
parameter. To see the trend within the variable for both the 
groups Friedman Two-way analysis of variance was 
performed with post hoc analysis. SAS 25.0 statistical 
package was used for the statistical analysis. 

Results 
Mean age of the patients in groups I and II was 37 ± 14.3 and 
46 ± 12.5 yr respectively (Table I). 

Table I: Demographic Data

Procedure Group A Group B

Age (Mean ± SD)   (38±15.20)  (45±13.5)  
         Range   18-65 22-67

Type of surgery  
 
CABG 10 17
MVR 15 10
AVR  6 5
DVR 3 3
ASD closure  6 5

Total 40 40

CABG, coronary artery bypass grafting; MVR, mitral valve replacement; 
AVR, aortic valve replacement; DVR, double valve replacement; ASD, 
atrial septal defect.

In group I there is no mortality after operation. There were 
no cases of re-exploration. Patients were discharged on 5 ± 
0.61 (days 5-7) post-operative day. No patient had sternal 

instability during the hospital stay. No patient costochondri-
tis was present at one month follow up.  

Group II, all patients survived the operation. One patient 
was re-explored, two patients had grade 1 sternal instability 
at the time of discharge, which healed on subsequent follow 
up. Patients were discharged on 5 ± 2.63 (day 5-10) post- 
operative day. At one month follow up, two patients had 
grade 1 sternal instability, four patients had costochondritis 
and one patient had frank infection from the upper end. 

MBC 
There was no significant difference in the pre-operative 
MBCs in both the groups (Table II). On the 1st, 4th  post- 
operative day, 0n discharge and on 1st month of follow-up 
MBC is significantly higher than group II. (P=0.05). Both 
the groups exhibited a trend towards increase in MBCs on 
subsequent follow-up up to 3 months after surgery. 

Table II: Comparison of MBC in two groups

* P value <0.01
M, mean; SD, standard deviation; MBC, Maximum Breathing Capacity

VAS 
There was no difference between groups in pain scores 
assessed by VAS at rest and with cough on first post-         
operative da. (Table III). At the 4th  post-operative day and at 
the time of discharge there was significant difference in pain 
scores at rest and  during coughing. Group I exhibited less 
pain as compared to group II (P < 0.05). At one month 
follow up postoperative pain at rest as well as on coughing 
((P<0.005) was significantly less in group I. Pain on cough-
ing was present in both the groups at 3 month follow up but 
in the group I it was significantly less (P<0.05). As evident 
from Table I, the surgical procedures in both the groups 
were different. ANOVA was applied between the groups at 
different follow up periods up to three months to assess the 
impact of surgery on the tested parameters. The number of 
surgeries in both the groups was limited, hence it was not 
possible to document the effect of surgery on these parame-
ters. Age has been considered as covariate in the analysis 
but it was not found to have significant effect on the tested 
parameters. 

Table III: Comparison of Visual Analogy Score in cm

F.U M/SD       RVAS      CVAS
  ILS SS ILS SS
Day-1 M 3.30 4.83 5.23 5.88
D SD 2.15 3.10 1.50 2.63
Day-4 M 2.31* 2.84 4.34 5.35
 SD 2.58 2.30 3.10 3.85
Discharge M 1.47* 2.50 2.76* 3.85
 SD 2.30 2.03 2.50 3.15
1.m.F.U Med 0 1.40* 1.5* 2.8*
 Range 0-7.5 1.5 6-3.8 0-7
3.m.F.U Med 0 0.5 0* 1.6*
 Range 0-0.3 0-1.5 0-1 0-6

* P value <0.01
M, mean; SD, standard deviation; Med, median; RVAS, 
visual analogue scale at rest; CVAS, visual analogue scale 
on coughing

Discussion
Like any other bone, sternum is involved in a variety of 
physiological processes and is capable of a number of 
biological responses to injury or stress. The periosteum is 
highly vascular and copiously supplied with both free nerve 
endings and encapsulated endings; the free nerve endings 
are thought to generate painful discharges, while the encap-
sulated endings are thought to be sensitive to pressure21-23. 
Surgical trauma leading to mechanical disruption results in 
a neurogenic inflammatory response and the eventual 
release of chemicals that sensitize high threshold nocicep-
tors, resulting in the phenomenon of peripheral sensitiza-
tion. Following sensitization, low intensity mechanical 
stimuli, which would not normally cause pain, are perceived 
as painful24. Interlocking sternotomy reduces pain due to 
bony trauma and sternum instability. By preventing vertical 
slippage of sternal ends, interlocking sternotomy ensures 
appropriate approximation and enforces rest on the injured 
tissues, eliminating many of the stimuli that trigger local 
nociceptors. In the surgically traumatized sternum, pain is 
initially produced by the distortion or disruption of 
intramedullary nerve fibers and receptors in the broken 
bone, by stretched or disrupted receptors in the torn perios-
teum and by injury or pressure on receptors in the soft tissue 
overlying the sternotomy site. By preventing motion, the 
interlocking sternotomy reduces the stimulation of nocicep-
tors in injured tissues, reducing spasm and promoting rest. 
An appropriately performed interlocking sternotomy will 
control vertical sternal motion while healing occurs and may 
restore alignment. Interlocking sternotomy tends to return 
the rib cage to its natural alignment and restores near normal 
rib cage mechanics following open heart surgery. The 
interlocking sternotomy allows for both an oblique and 
horizontal angle of force, which is less likely to loosen than 
a straight closure, which applies tension purely in a horizon-
tal plane through the sternum, thus interlocking sternotomy 
allows for a tighter closure of the sternum..

In conclusion, interlocking sternotomy has shown several 
advantages over straight sternotomy. It minimized post-op-
erative pain, achieved better sternal stability and was associ-
ated with better respiratory function. Further studies need to 
be carried out to check the effect of interlocking sternotomy 
on rib cage mechanics with larger sample size and longer 
follow up. Long-term prospective randomized controlled 
clinical trials are required before the efficacy of either 
technique is fully established.
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