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Introduction

Scoliosis is the most common spinal deformity seen in chil-
dren, with a prevalence estimated from 1-3% [1,2]. For progres-
sive curves with substantial deformity, the most common cor-
rective technique used to treat pediatric scoliosis is Posterior 
Spinal Fusion (PSF). Surgical Site Infection (SSI) is a rare, but 
serious complication following pediatric PSF for scoliosis, with 
reported prevalence rates varying widely depending on the spe-
cific patient diagnosis. In their review of the relevant literature, 
Li, et al. found that the reported incidence of SSI following sur-
gery for adolescent idiopathic scoliosis ranged from 0.5 to 6.7%, 
whereas the incidence following surgery for neuromuscular 
scoliosis ranged from 4.3 to 14.3% [3].

A number of studies have identified various patient risk fac-
tors for developing SSI after PSF, with a higher Body Mass Index 
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(BMI) being one of the most commonly cited [4,5]. However, 
the difficulty of obtaining reliable height and body mass mea-
surements for some patients, including many patients with 
neuromuscular scoliosis, presents a limitation of using BMI to 
assess the risk of developing a SSI. The identification of consis-
tently available, measurable patient variables that can predict 
the risk of SSI could improve the orthopaedic surgeon’s ability 
to mitigate this risk. One tool routinely used in the preoperative 
assessment of scoliotic deformities is the plain radiograph. 

The lateral radiograph not only allows for the assessment of 
spinal deformity, but soft tissue shadowing also allows for the 
assessment of the thickness of the soft tissue envelope from 
the skin to the spinal structures. The purpose of this study was 
to determine whether Radiographic skin-to-Spine Distance 
(RSD), measured as the distance from the L5 spinous process 
to the skin, can be used as a proxy for body habitus in pediatric 
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Figure 1: Lateral plain radiograph of a subject with measurement 
of RSD, defined as the perpendicular distance from the L5 spinous 
process to the skin.

Figure 2: (A) Lateral plain radiograph of a normal-BMI (19.12 kg/
m2) patient with an RSD measurement of 1.80 cm. (B) Lateral plain 
radiograph of a high-BMI (29.80) patient with an RSD measure-
ment of 8.05 cm. 

patients when evaluating the risk of developing a SSI after PSF. 
Our hypothesis was that RSD would correlate positively with in-
cidence of SSI. 

Methods

Following institutional review board approval, a retrospec-
tive study was performed that included all patients ages 0-18 
who underwent PSF for all types of scoliosis between January 
2015-December 31, 2018 with a one year minimum follow up. 
Patients were identified by CPT codes for spinal fusion involving 
more than six vertebral body segments (22802, 22804). Demo-
graphic data was collected including age, gender, race, height, 
and body mass.

Immediate preoperative radiographs, including upright 
Postero-Anterior (PA) and lateral views, were used to measure 
radiographic markings. RSD was defined as the perpendicular 
distance from the L5 spinous process to the skin on lateral plain 
radiographs that were closest to surgery date. Each measure-
ment was performed three times by one of two investigators 
and averaged for each patient (Figure 1).

All patients were queried for post-operative complications 
including SSI, defined as wound dehiscence, seroma forma-
tion, or return to the OR for irrigation and debridement and/or 
removal of hardware. Univariate descriptive statistics, Welch’s 
t-test, linear regression and logistic regressions were used to as-
sess the relationship between RSD and SSI. Data analysis was 
conducted with IBM SPSS Statistics for Windows. V 27. 

Results

During the five-year study period, we identified 202 total 
patients aged 0-18 years who underwent posterior spinal fu-
sion. After excluding patients who did not have at least one 

year of follow-up or who had undergone prior spine surgery, 
176 patients met the criteria for inclusion. One hundred four-
teen (64.8%) patients had a diagnosis of idiopathic scoliosis, 
while 38 (21.6%) had neuromuscular diagnoses. The remaining 
24 (13.6%) patients had either congenital or other spinal diag-
noses. One hundred sixteen (65.9%) patients were female, 85 
(48.3%) were white/non-Hispanic, 63 (35.8%) were black, 21 
(11.9%) were of unknown race, six (3.4%) were Hispanic/La-
tino, and one (0.6%) was Asian. Further demographic analysis 
revealed a mean patient age of 13.26 ± 3.01 years and a mean 
BMI of 21.11 ± 6.66. 

Of the 176 patients, we identified eight (4.5%) who suffered 
from SSI following PSF. Of the eight SSIs identified, one suture 
abscess and one superficial infection were managed conserva-
tively in the clinic setting. Six infected patients, three with se-
roma, one with superficial, and two with deep infections, re-
turned to the OR, including five for irrigation and debridement 
and one for removal of hardware (Table 1).

The mean RSD measured 33.9 ± 19.0 mm (range, 7.7-115.3) 
(Figure 2). There was no statistical significance comparing the 
mean RSD for subjects who had a SSI (33.6 mm) and for those 
who did not (35.1 mm). Backward stepwise logistic regression 
analysis yielded no statistically significant predictors for SSI. 
However, there was a strong, statistically significant linear pre-
diction between RSD and BMI (r=0.71, p=0.001).

Figure 3: Scatter plot distribution of body mass index (BMI) and 
radiographic skin-to-spine distance (RSD) from the L5 spinous pro-
cess for the study cohort. 
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Table 1: Surgical Site Infection (SSI) management and patient-related factors.

Patient no. Age BMI Scoliosis diagnosis SSI type Description of SSI management

42 15 32.59 idiopathic seroma irrigation & debridement

44 11 26.91 neuromuscular deep irrigation & debridement

49 2 18.31 congenital deep irrigation & debridement

62 14 17.16 idiopathic seroma removal of hardware

76 12 18.84 neuromuscular superficial clinic/conservative 

81 15 19.82 idiopathic superficial irrigation & debridement

118 13 43.91 idiopathic seroma irrigation & debridement 

140 10 15.39 idiopathic suture abscess clinic/conservative 

Discussion

Scoliosis is the most common spinal deformity seen in chil-
dren, with reported prevalence ranging from 1-3% globally [1,2]. 
For cases in which deformity is severe or there is a high risk of 
progression, Posterior Spinal Fusion (PSF) is often employed to 
correct and stabilize spinal alignment. PSF carries a known risk 
of Surgical Site Infection (SSI). This risk varies widely depending 
on etiology, with idiopathic and neuromuscular scoliosis carry-
ing the lowest and highest risks respectively [3]. 

The consequences of SSI following an orthopaedic proce-
dure are numerous and include increased length of hospital 
stay, greater risk of rehospitalization, decreased physical mo-
bility, and lower health-related quality of life [6]. Furthermore, 
the financial costs associated with treating an orthopaedic SSI 
are substantial [7], and while modern treatment methods are 
generally successful at eliminating deep infection, they are not 
without a high risk of morbidity [3,8]. In the case of PSF for sco-
liosis, hardware removal is often necessary, risking progression 
of the spinal deformity [9].

For patients in the current study, the incidence of SSI was 
4.5% (n=176). Given our patient population’s mixture of diag-
noses, including 21.6% with neuromuscular scoliosis, this falls 
within the wide range of previously reported incidence rates in 
the U.S., which are as low as 0.5% for idiopathic scoliosis and as 
high as 14.3% for neuromuscular scoliosis [3]. Our distribution 
of the severity of SSIs also mirrors that of previously published 
data, with a range from conservatively treated suture abscess-
es, to recalcitrant infections requiring hardware removal [9].

To varying degrees, both high BMI and subcutaneous fat 
thickness have been associated with incidence of SSI following 
PSF in adult patient populations [4,5,10,11]. Mehta et al. found 
the distribution of body mass to be more predictive of SSI risk 
following lumbar spinal fusion than BMI alone [11]. Thus, fur-
ther characterization of the association between body habitus 
and the development of SSI is needed to increase the clinical 
utility of these findings. We sought to examine these associa-
tions in children. Our goal was to identify a more readily acces-
sible patient variable to quantify body fat distribution around 
the surgical site. RSD is easily measurable, requiring only lateral 
plain radiographs to determine. 

Although there was no statistically significant correlation 
between RSD and incidence of SSI, we did find a statistically 
significant correlation between RSD and BMI (r=0.71). This sug-
gests that there may be utility for RSD as a surrogate for BMI in 
situations where obtaining an accurate height measurement is 

difficult, including cases involving patients with neuromuscular 
scoliosis. 

This report contains several limitations. With a relatively 
small sample size of 176 subjects, just 8 instances of SSI were 
identified. We hypothesize that this study was underpowered 
to detect any statistically significant correlation between RSD 
and incidence of SSI. Additionally, obtaining height and body 
mass values for neuromuscular patients is notoriously difficult, 
and this may have affected the accuracy of BMI values recorded 
for such patients.

Conclusion

In conclusion, RSD was not shown to be correlated with inci-
dence of SSI. However, a statistically significant correlation was 
found between RSD and BMI (R=0.71, P=0.001), which suggests 
RSD may be useful as a substitute for BMI when BMI cannot be 
easily ascertained. Future studies with larger patient samples 
are needed to investigate any associations between body habi-
tus and incidence of SSI in children following PSF. 
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