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SUMMARY 

 
Introduction 

 Thoracic incisions are considered among the most painful of surgical incisions, 

associated with considerable post operative pain and shoulder dysfunction, and 

potentially affecting activities of daily living (1). Conventional thoracotomy used to be 

performed by the posterolateral approach and more recently with the muscle sparing 

technique. Documented complications after conventional thoracic surgery (CTS) include 

musculoskeletal deformities, scoliosis, winged scapula and shoulder dysfunction (2, 3). 

Others include aesthetic problems and breast and pectoral muscle maldevelopment in 

particular in children (4, 5).  

In more recent times, video assisted thoracoscopic surgery (VATS) has become a 

major approach for thoracic surgical procedures performed by pediatric surgeons (6, 7, 

8). Potential advantages of VATS over CTS include decreased post operative pain, a 

shorter hospital stay, better cosmetic results and a decreased incidence of chest wall 

deformities, including scoliosis and breast deformity. However, these advantages are 

largely undocumented (9).  

 

Literature review 

 Posterolateral thoracotomy has for a long time been the standard surgical 

approach for most thoracic procedures (10). The approach provides excellent access to 

the thoracic cavity but is often associated with serious postoperative morbidity such as 

chronic pain, compromised pulmonary function and restriction of shoulder function (10). 

Other authors have reported winged scapula, aesthetic problems and pectoral muscle 

maldevelopment occurring in children who had undergone standard thoracotomy (4, 5).  

In a review, by Cherup, of 28 patients who had undergone repair of atrial septal defects, 

patent ductus arteriosus and coarctation of the aorta as children, standard thoracotomies 

resulted in a high frequency of breast or pectoral muscle maldevelopment. Sixty percent 

of the patients in that series had a greater than 20% difference in volume between the two 

sides (4). 

 Jacobaeus in 1912 first described the technique of thoracoscopy using a 

cystoscope to lyse pleural adhesions in patients with pulmonary tuberculosis (11). 
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However, it wasn´t until the last three decades when thoracoscopy was modernized, that 

it was introduced to pediatric surgical practice (7). Over the period, video assisted 

thoracoscopic surgery (VATS) has become a major approach to consider in thoracic 

surgical procedures done by pediatric surgeons (6-8). The safety and efficacy has been 

demonstrated by other workers (12-14). 

Various reviews have been done on the effects of posterolateral thoracotomy and 

VATS on shoulder function in adults (15, 16). However there is paucity of data on the 

biometric and aesthetic outcome following such operations in children (9).  

Bal reviewed 49 children at an average of 6 years after undergoing standard thoracotomy 

and noted that 94% had various musculoskeletal deformities. Scoliosis was observed in a 

third of the patients while 63% had asymmetry of the nipples (3).  

Kucukarslan retrospectively reviewed 90 children under the age of 8 years who 

underwent muscle sparing or posterolateral thoracotomy and noted that shoulder girdle 

movements were regained earlier in the former. An incidence of 16% of scoliosis was 

reported in the posterolateral thoracotomy group at 18months post operatively. Cosmetic 

problems were noted in 24% of the patients who had a posterolateral thoracotomy 

compared with none in the other group (17).  

In a prospective evaluation of 30 patients randomly selected to have either a 

posterolateral or muscle sparing approach, the shoulder range of flexion in the sagittal 

plane was significantly reduced at 14 days post operation. There was no significant 

difference in shoulder range of motion for extension, abduction and adduction between 

the groups (2). 

Conversely, in a prospective evaluation of 60 patients who were randomly selected to 

undergo either procedure, the shoulder range of motion for flexion, abduction and 

adduction were significantly lower in the posterolateral compared with the muscle 

sparing group. This study was restricted to a month after surgery (15).  

Early shoulder function following VATS were compared with posterolateral thoracotomy 

in 29 patients prospectively recruited to undergo lung resection by either approach. 

Differences in shoulder strength were significant at 1 week being higher in the VATS 

group. Forward elevation was also higher in the same group at 3 months post operation. 

However, there was no significant difference between the two groups with regards to 

external rotation (16). 
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Scar assessment is an integral component of surgical practice. The requirements 

of reliability, consistency, feasibility and validity have been shown to be important in any 

assessment system (18). The visual analog scale scar scoring and Manchester scar scoring 

system have been shown to meet the above requirements (19). Bianchi et al reviewed the 

appearance of the scar following lateral thoracotomy in 27 children for esophageal 

atresia, tracheoesophageal fistula and patent ductus arteriosus. Although the scar was 

satisfactory to the parents of the patients, the authors noted the relevance of long term 

follow up. 

There is substantial epidemiological evidence that early influences acting during 

development can induce plastic responses, predisposing to adverse effects in later life 

(20).  Impairment of musculoskeletal and respiratory functions has been shown to 

progress with age (21). Hence, the need to study these effects in children who have had 

thoracic procedures. 

 

Methodology 

 The operative records of all patients, who had intrathoracic surgery at our 

university clinic between January 2000 and December 2006, were reviewed. One 

hundred and six patients met the inclusion criteria of VATS or CTS for benign thoracic 

conditions. The study was approved by the University’s Ethics Committee. Parents gave 

informed consent for the study. When the children were older than 12years, they also 

gave a double consent.  

All the patients were seen and interviewed by two researchers. The hemithorax on 

the operated side was compared to the non-operated side in relation to anatomical 

parameters. The relative differences between the operated and non-operated sides were 

taken in relation to the non-operated side, i.e. distance on operated side ÷ distance on 

non-operated side.    

The ranges of motion of the shoulder joints were measured using a goniometer. Each 

patient stood upright or on the mother’s laps and moved each limb to the end of active 

range of shoulder motion (22). The mean differences between measurements in each 

plane on both sides were then recorded.   

The children were examined for the presence of scoliosis using the forward-bending test 

and goniometry (23).  
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Ultrasound scanning was done with an ATL Ultramark 9 HDI
®
 Ultrasound 

System to obtain the width of the intercostal space of entry (CTS) or average (VATS) and 

compared with corresponding spaces on the non-operated side to detect the presence of 

rib fusion, and the relative difference calculated.   

The patients (± their parents) were asked about satisfaction with the scars and 

they graded their satisfaction using a visual analog scale with scores from 1(excellent) to 

10 (very poor) (18). The scars were thereafter assessed with the Manchester scar scoring 

system (19). Scores were allocated for each parameter and totaled with a minimum score 

of 5 for the ideal scar and a maximum of 28.  Likewise, two research fellows not 

involved in surgery reviewed photographs of the scars taken and allocated scores on a 

visual analog scale (24).   

Data was collated and statistical analysis performed using Microsoft Excel® and 

SPSS (SPSS Inc., Chicago IL) software. Data were expressed as means ± SEM. 

Comparison of the parameters and tests of significance were done with Fischer exact test 

and Mann-Whitney rank sum test and a p-value was set at 95% confidence interval.     

 

Results 

A total of sixty-two patients (58.5%) presented in the clinic for the study, two 

declined participation and twenty-three (22%) were interested, but could not come to the 

hospital as they lived far away. The remaining patients (19%) could not be followed up.   

The relative differences between chest wall measurements comparing the operated and 

non-operated sides were done in both vertical and horizontal planes and tabulated.  

The nipple – xiphisternal distance on the operated side was 0.985 ± 0.008  relative to the 

length on the non-operated side in the VATS group compared with 0.949 ± 0.013 in the 

CTS group (p = 0.047). The transverse chest diameter (hemithorax) on the operated side 

was 0.996 ± 0.003 relative to the same diameter on the non-operated side in the VATS 

group versus 0.964 ± 0.008 in the CTS group (p < 0.001). The measurements of the other 

parameters were not significantly different.  

The mean differences in the upper arm and lower arm circumferences in the VATS group 

were 0.25 ± 0.05 cm and 0.26 ± 0.06 cm, and corresponding values in the CTS group 

were 0.34 ± 0.08 cm and 0.38 ± 0.08 cm (p = 0.65 and 0.432 respectively).  
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Three patients, who had VATS (9.7%), had mild scoliosis versus 14 (53.8%) who 

had CTS (p < 0.001) (Figure 1). None of the patients had moderate or severe scoliosis.   

In patients, who had VATS, the mean width of the intercostal space of entry into the 

thoracic cavity was 0.97 ± 0.007 relative to the corresponding intercostal space width on 

the non-operated side. Similar measurement in the CTS group resulted in 0.83 ± 0.041 (p 

< 0.001). No case of complete rib fusion was seen.  

The mean Manchester scar score was 7.5 ± 0.2 in the VATS group and 13.1 ± 0.8 

in the CTS group (p < 0.001). 

The scars were scored by two independent assessors using the visual analog scale with 

mean values recorded for patients, who had VATS being 2.4 ± 0.2 versus 3.9 ± 0.2 for 

those in the CTS group (p = 0.004). 

The mean visual analog scale score for the scar recorded by the patients (± parents) was 

2.6 ± 0.4 in the VATS group vs. 4.3 ± 0.5 in the CTS group (p = 0.014). Thirty-one of 

thirty-two patients, who had VATS (97.1%) were satisfied with their scars compared with 

25 of the 28 (89.3%) in the CTS group (p = 0.341). None of the patients in the VATS 

group wanted a revision of the scar as against 3/28 of the CTS group (p = 0.087).  

 

Discussion 

In our study chest asymmetry was significantly lower after VATS compared to 

CTS, especially in relation to the transverse chest diameter. The outcome after CTS is 

similar to the findings of Bal et al, who investigated 49 children after thoracotomy for 

congenital cardiac malformations. The authors found thoracic wall asymmetry in 14% 

and chest wall deformity in 18% of their children (3). The nipples were asymmetric in 

63%. A significant difference regarding the location of the nipples was also noted in our 

study. However, whether this would result in gross nipple asymmetry is not known and 

would require follow-up till completion of puberty.    

 The ranges of motion in the shoulder joints between the operated and non-

operated sides were not significantly different in both of our groups at follow-up. In 

another prospective evaluation of 30 adult patients randomly selected to have either a 

posterolateral or muscle sparing approach, the shoulder range of flexion in the sagittal 

plane was significantly reduced at 14 days after the latter (2). There were no differences 

in the other ranges of motion. Conversely, in a prospective evaluation of 60 patients, who 
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were randomly selected to undergo either procedure, the range of motion for flexion, 

abduction and adduction were significantly higher in the muscle sparing group at 1 month 

post operation (15).  

The absence of a significant difference in our study may be attributable to the 

lower incidence of shoulder dysfunction after muscle sparing conventional thoracotomy, 

which our patients had, and the possible compensatory improvement in shoulder function 

in young children. In the study by Li et al comparing early shoulder function following 

VATS with posterolateral thoracotomy in adults, differences in shoulder strength were 

significant at 1 week, being higher after VATS. Forward elevation was also higher in the 

same group at 3 months post-operatively (16). Similarly, a retrospective analysis of 90 

children under the age of 8 years, who had a muscle sparing or posterolateral 

thoracotomy showed that shoulder girdle movements are regained earlier in the former 

group (17).  

Fifty four percent of our patients, who had CTS, had scoliosis compared with 10% of 

those, who had a minimally invasive procedure. This significantly high incidence of 

scoliosis compares with similar reports in the literature. Bal et al found an incidence of 

scoliosis of 31% after conventional cardiothoracic surgery (3). Durning et al reported an 

incidence of scoliosis of 50% at ten years follow-up in children, who had thoracotomy for 

the treatment of esophageal atresia (25). Eight out of fourteen patients, who were re-

operated on account of esophageal anastomotic dehiscence after thoracotomy for 

esophageal atresia, developed scoliosis in a review done by Gilsanz (26). Twenty of 61 

patients, who had lateral thoracotomy for esophageal atresia in childhood and were 

followed up until completion of growth, had scoliosis exceeding 10 degrees (27).  

Thoracic deformity has been implicated as preceding spinal deformity in the 

pathogenesis of idiopathic scoliosis (28, 29). All the cases of scoliosis in our study were, 

however, mild and showed less than 20 degrees of curvature, and unlikely to need 

treatment in childhood.  

Ultrasound confirmed that the intercostal spaces on the operated side were 

significantly narrower than on the other side in patients, who had CTS compared with 

those, who had VATS. This may be due to the approximation of the ribs above and below 

the intercostal space during a thoracotomy wound closure. An association between rib 
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fusion and development of scoliosis in patients, who had previously undergone 

thoracotomy, has been suggested (30).   

Comparison and scoring of scars resulting from surgical operations has received 

attention in recent years (31). It has been suggested to use a reproducible, reliable, valid 

and accurate system (22). The visual analog scale scar scoring and Manchester scar 

scoring system have been shown to be consistent, reliable, valid and feasible in the 

objective analyses of scars (23). Crowe also demonstrated the validity of photographic 

analysis in scoring scars with substantial interrater and single rater reliability (24). 

In our study, the scar assessment scores of the patients, who had VATS, were 

significantly lower than those of the patients, who had conventional thoracic surgery, and 

the scores on the visual analog scales were significantly better. Additionally, the 

acceptability of the scar was 100% in patients, who had VATS compared with a wish to 

revise the scar in 10% of the patients, who had CTS. We conclude that VATS achieves a 

significantly better cosmetic outcome.  

Limitations of the present study include the non-usage of radiological studies to 

confirm the diagnosis of scoliosis, as well as a statistically significant difference in the 

mean follow-up period of 3.1 versus 4.6 years.  

In conclusion, the thoracoscopic vs. conventional approach to the thoracic cavity 

in children is associated with significantly less mid-term musculoskeletal sequelae and a 

better cosmetic outcome. 
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Impact of the study and possible future studies 

 The study was a ground breaking one as it was the first to document the 

musculoskeletal benefits of video assisted thoracic surgery over thoracotomy in children 

after a medium range of time following the procedures. The article was published in the 

January volume of the Annals of Thoracic Surgery. We believe that in the nearest future, 

more references will be made to the outcome of our study and it would contribute to the 

available literature detailing the advantages of video assisted thoracic surgery. 

The original plan was to do a long term follow up but the mean follow up period in the 

study was 3.1yrs and 4.6yrs for the VATS versus the CTS groups making only a midterm 

comparison possible. The plan for a long term follow up is still to be considered 

especially in view of the significant findings in the study.  
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