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Abstract

Purpose: Patients of elective orthopedic surgeries often reduce activity levels during postoperative recovery. It is
unclear whether these extended periods of modified activities lead to weight changes. The purpose of this study was
to evaluate changes in body mass index percentile in pediatric patients over 2.5 years following primary musculoskeletal
surgeries.

Methods: Institutional records for utilized current procedural terminology codes were used to identify patients aged
2| years or younger who underwent elective surgery at a single pediatric orthopedic institution between October
2016 and December 2018. Non-primary surgeries and patients without preoperative body mass index measurements
were excluded. Demographic characteristics, height, weight, and body mass index within 30 months of surgery were
collected. Body mass index relative to age was calculated. Analysis of body mass index changes at follow-up intervals of
3-7, 9-18, and 24-30 months after surgery was performed for the overall sample, within surgical categories, and within
preoperative weight classifications.

Results: A total of 1566 patients (53.1% female, average age 12.4years) were included. Over one-third of patients
were overweight or obese at presentation. The average change in body mass index percentile relative to baseline was
increased at all follow-up intervals. Values reached significance at 9—-18 months (p=.002) and 24—-30months (p=.001).
While underweight and normal-weight patients had increased body mass index at all three timepoints, overweight or
obese patients decreased.

Conclusions: Patients undergoing elective orthopedic procedures may experience significant changes in body mass
index percentile postoperatively. At extremes of weight, patients experience improvement toward the mean, but most
patients may undergo body mass index increases beyond what would be expected during normal growth.

Level of evidence: Retrospective level lll.
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Figure |. Patient selection and exclusion criteria.

Many musculoskeletal surgeries necessitate extended
periods of activity restriction during postoperative recov-
ery.!"13 Given that higher levels of exercise in children are
associated with lower childhood BMI, reduced activity
levels after surgery may lead to increased weight or BMI.'4
However, it is not known whether orthopedic surgeries
performed in the pediatric population commonly result in
weight gain secondary to postoperative activity restric-
tions. Particularly, in athletic populations accustomed to
significant amounts of exercise, it is possible that patients
may experience undesired weight gain. However, limited
literature exists on the association between orthopedic
surgeries and postoperative changes in weight or BMI,
particularly in youth. While a small number of studies
have demonstrated a correlation between anterior cruciate
ligament (ACL) rupture and increases in body fat percent-
age or BMI status in both youth and adult populations, to
the best of our knowledge, no studies have explored an
association between other common orthopedic procedures
and postoperative weight gain in a pediatric popula-
tion.'>'7 The purpose of this study was to explore changes
in BMI percentile following primary elective orthopedic
surgeries in children and adolescents.

Materials and methods

After institutional review board approval was obtained,
institutional records for utilized current procedural termi-
nology codes were used to identify patients 21 years of age
or younger who underwent elective surgery at a single
pediatric orthopedic institution between October 2016 and

December 2018.'® These codes identified the procedures
listed in Supplemental Appendix 1. The electronic medical
record was utilized to compile the following data on
patients undergoing the procedures corresponding to the
codes of interest. Exclusion criteria were non-primary sur-
gery, other surgical procedures performed concurrent to
the procedure code of interest, spine procedures that were
not anterior or posterior spinal fusions of less than 13 lev-
els, lack of preoperative height and weight measurements,
or lack of follow-up visits with height, weight, or BMI
measurements available within any of the three prescri-
bed postoperative intervals (Figure 1). The initial query
identified 2585 patients undergoing procedures of interest,
with 1566 patients remaining following the application of
exclusion criteria. Follow-up intervals of 3—7, 918, and
24-30 months were determined based on standard follow-
up protocols. For participants who underwent spine sur-
gery for scoliosis, preoperative BMI was calculated using
postoperative height within 6 weeks of surgery to adjust
for the shortening effect of spinal deformities on height in
these patients. To account for natural changes in height and
weight with physical maturation, BMI percentiles were
calculated from BMI z-scores, which were determined
using a formula based on the Centers for Disease Control
(CDC) BMI-for-age percentiles growth charts.'*?° Average
change in BMI percentile at each follow-up interval com-
pared with preoperative BMI percentile was calculated for
each observation.

Statistical analysis of changes in BMI percentile was
performed for the overall sample, within surgical catego-
ries, and within preoperative weight classifications per the
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CDC delineations of these categories for children, which
define underweight as BMI less than 5th percentile for
age, normal weight from 5th up to 85th percentile, over-
weight from 85th up to 95th percentile, and obese as 95th
percentile or greater.?! Within the cohort of patients who
underwent sports-related procedures, a Mann—Whitney U
test was used to compare differences between upper
extremity and lower extremity surgeries. One-way analy-
sis of variance and nonparametric Kruskal-Wallis tests
were used to compare changes in BMI percentile between
BMI category cohorts. The Tukey—Kramer method and
Dwass-Steel-Critchlow-Fligner procedure were also used
for multiple comparisons. To compare changes in BMI
percentile between follow-up intervals, a paired Student’s
t-test and nonparametric Wilcoxon signed-rank test were
used. All analyses were performed using Statistical
Package for the Social Sciences.

Results

A total of 1566 patients (53.3% female) were available
for study (Table 1). The average age at surgery was
12.4years (range 5-20). The most common surgical cat-
egory was sports, followed by spine; foot and ankle;
lower extremity epiphysiodesis; lower extremity osteot-
omy; non-sports hip; and tendon lengthening or release.
Overall, 120 patients (7.7%) were classified as under-
weight at the time of surgery, 869 (55.5%) normal weight,
224 (14.3%) overweight, and 353 (22.5%) obese.

For the overall cohort, the average change in BMI per-
centile relative to baseline was increased at all 3 follow-
up timepoints, with values reaching significance at 9-18
and 24-30months (Table 2). Moreover, the magnitude of
the increase trended upward over the course of the follow-
up period. The same trend of increased BMI percentile
held true after the cohort was divided into categories
based on surgical procedure; however, the difference at
24- to 30-month follow-up was significant only for spine
procedures and tendon lengthening or release procedures
(Table 3). Notably, at nearly 2years following pediatric
spine procedures, the average BMI percentile increase
approached 10 points (p=.032). In contrast, patients
undergoing sports procedures experienced BMI percentile
changes of less than 1 point through the first 1.5 post-
operative years.

Sports surgeries were subdivided into upper extremity
and lower extremity groups. At 24- to 30-month follow-
up, the upper extremity cohort demonstrated an average
increase in BMI percentile of 13.3 points, while the lower
extremity cohort decreased by 0.42 points (p=.015).
Differences at earlier timepoints did not reach significance
(Table 4).

Significant differences were noted in comparisons
across preoperative BMI categories (Table 5, Figure 2).
At all three timepoints, patients who were underweight
or normal weight at the time of surgery were more likely to
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Table I. Patient demographics.
N %
Sex
Female 832 53.13
Male 734 46.87
Ethnicity
Hispanic or Latino 323 20.63
Non-Hispanic or Latino 1228 78.42
Unknown/not specified 15 0.96
Race
American Indian or Alaska Native 3 0.19
Asian or Asian American 51 3.26
Black or African American 237 15.13
More than | race 70 4.47
Other 46 2.94
Unknown/not specified 6 0.38
White (includes Hispanic or Latino) 1153 73.63
Procedure category
LE epiphysiodesis 158 10.09
LE osteotomy 127 8.11
Foot and ankle 192 12.26
Hip (non-sports) 124 7.92
Spine 390 24.90
Sports 468 29.89
Tendon lengthening or release 107 6.83
Initial BMI category®
Underweight 120 7.66
Normal 869 55.49
Overweight 224 14.30
Obese 353 22.54
BMI: body mass index; LE: lower extremity.
?For spine patients, initial BMI was calculated using postoperative
height.
Table 2. Average change in BMI percentile—overall.
Timepoint BMI Change in BMI p Value
(months) percentile percentile
3-7 64.03 1.5+25.83 .053
9-18 65.08 2.55+27.47 .002
24-30 68 5.47 =30.77 .001

BMI: body mass index.

have significant increases in BMI percentile, with particu-
larly large changes noted in the underweight population.
While normal-weight patients also increased BMI percen-
tile at all three timepoints, they did so to a lesser degree. In
contrast, patients who were overweight or obese at the
time of surgery tended to experience significant decreases.

Many patients changed BMI categories over the course
of the study (Table 6). Of 120 patients who were under-
weight at presentation, over half had become normal
weight by the final follow-up. Of patients who were ini-
tially obese, 22.4% had decreased to overweight or normal
weight by final follow-up, and among overweight patients,
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Table 3. Average change in BMI percentile by procedure category.

Procedure Initial BMI percentile Timepoint (months) Change in BMI percentile p Value
Lower extremity epiphysiodesis 71.74 3-7 041 =15.61 799
9-18 1.80+10.86 .056
24-30 456 +21.30 173
Lower extremity osteotomy 64.26 3-7 2.85*13.22 .038
9-18 1.69+17.18 326
24-30 249+ 16.39 .355
Foot and ankle 61.77 3-7 -1.54+13.50 .155
9-18 .94+ 1471 137
24-30 4.17 +19.87 216
Hip (non-sports) 62.57 3-7 0.64 = 10.05 521
9-18 .52+ 15.96 .343
24-30 290+ 11.39 .160
Spine 49.78 3-7 441 £49.23 .153
9-18 5.19+46.98 .048
24-30 9.82+47.50 .032
Sports 72.1 3-7 0.52 +8.00 248
9-18 020+ 11.34 757
24-30 1.94+20.81 459
Tendon lengthening or release 52.87 3-7 2,64+ 15.67 12
9-18 544+ 16.07 .006
24-30 6.39+13.70 .023

BMI: body mass index.

Table 4. Average change in BMI percentile by upper or lower extremity—sports only.

Timepoint (months) Upper Lower p Value
3-7 0.22 0.58 923
9-18 0.14 0.22 662
24-30 13.3 -0.42 0I5
Table 5. Average change in BMI percentile by initial BMI category.
BMI category Initial BMI percentile Timepoint (months) Change in BMI percentile p-Value
Underweight 1.565 3-7 25.15+33.64 <.001
9-18 30.04 = 33.41 <.001
24-30 35.97 = 36.82 <.001
Normal weight 49.359 3-7 3.22+2522 .027
9-18 472+27.48 <.001
24-30 10.01 +=27.56 <.001
Overweight 90.541 3-7 -459+18.19 923
9-18 —-6.38 - 18.62 .059
24-30 —15.47 +26.66 .002
Obese 97919 3-7 -7.75+21.62 0l
9-18 -7.89 +20.65 <.001
24-30 -9.08 =21.87 .023

27.2% became normal weight. However, overall, the pro-
portion of patients who were overweight or obese had
grown by the end of the study, with the greatest contribu-
tion coming from initially normal-weight patients who
became overweight or obese, reflecting the general pattern
of increased BMI percentile (Table 7).

The association between preoperative BMI category
and change in BMI percentile was especially significant
for patients undergoing spine surgery, who experienced
the largest changes, particularly at the extremes of weight
(Table 8). Underweight spine patients had progressively
increased BMI percentile over the course of the study; at
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Figure 2. Change in BMI percentile by initial BMI category.
BMI: body mass index.

Table 6. Number of patients with a change in BMI category,
from initial to final visit—overall.

Change N

Underweight to normal 6l
Underweight to overweight 7
Underweight to obese Il
Normal to underweight 46
Normal to overweight 90
Normal to obese 48
Overweight to underweight 2
Overweight to normal 6l
Overweight to obese 45
Obese to underweight 4
Obese to normal 42
Obese to overweight 37

BMI: body mass index.

Table 7. Number of patients by BMI category at initial versus
final visit.

BMI category Initial Final

N % N %
Underweight 120 7.66 93 5.94
Normal 869 55.49 849 5421
Overweight 224 14.30 250 15.96
Obese 353 22.54 374 23.88

BMI: body mass index.

the final follow-up, in fact, the proportion of spine patients
who were underweight had decreased from 13.8% to
9.23%. Normal-weight spine patients demonstrated the
same pattern of increased BMI percentile, though with

changes of smaller magnitude. Mirroring the overall
cohort, both overweight and obese spine patients tended to
experience reductions in BMI percentile at all three time-
points, with larger decreases among the obese group. In
fact, of 34 spine patients who were overweight at surgery,
20 improved to normal weight by final follow-up; simi-
larly, 40 of 52 initially obese spine patients decreased to
overweight or normal weight. However, despite these
downward trends, the proportion of both overweight and
obese patients among the spine cohort had increased by the
final follow-up, reflecting the number of underweight and
normal-weight spine patients who had become overweight
or obese by the end of the study period.

Discussion

The purpose of this study was to evaluate changes in BMI
percentile after orthopedic surgery in children and adoles-
cents and, consequently, elucidate any effects that orthope-
dic surgeries may have on BMI in a pediatric population.
To the best of our knowledge, no study has yet examined
patterns of postoperative weight or BMI changes across a
variety of orthopedic surgeries in this population. Of note,
over one-third of patients in this cohort were overweight or
obese when presenting for elective musculoskeletal sur-
gery. We demonstrated that pediatric patients undergoing
orthopedic surgery are likely to experience increases in
BMI percentile postoperatively, particularly if their initial
BMI is in the normal range; these changes may persist for
up to 2.5 years after surgery. In addition, we observed that
many patients who are overweight or obese may improve
their weight category after surgery; as a group, these
patients demonstrated a health-positive response with
decreases in BMI percentile. While no studies thus far
have explored weight gain across a broad spectrum
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Table 8. Change in BMI percentile by preoperative BMI category for spine procedures.

BMI category Initial BMI percentile Timepoint (months) Change in BMI percentile p Value
Underweight 1.54 3-7 56.07 +33.32 <.001
9-18 60.79 +27.80 <.001
24-30 72.61 +24.54 <.001
Normal weight 4470 3-7 8.30 =43.57 018
9-18 7.77 = 41.65 .007
24-30 15.75 + 36.69 .001
Overweight 90.38 3-7 -29.57 £ 36.12 <.001
9-18 -23.13+£31.82 <.001
24-30 —46.87 +28.41 .001
Obese 97.77 3-7 —43.55+32.63 <.001
9-18 -43.52 +31.04 <.001
24-30 —-36.60 = 32.05 <.001

BMI: body mass index.

of surgeries, a number have explored postoperative BMI
percentile changes following specific orthopedic proce-
dures or surgical categories, most notably ACL reconstruc-
tion (ACL-R) and spine surgeries.

In this study, though we found an overall upward trend
in postoperative BMI percentile for patients undergoing
a variety of sports-related procedures, the difference in
BMI percentile between baseline and 24-30months after
surgery did not reach significance. In a retrospective
review of 666 pediatric patients who underwent ACL-R,
MacAlpine et al. discovered that patients experienced sig-
nificantly increased BMI percentile that reached its apex
at 6-9months postoperatively; while BMI percentile on
average had declined toward baseline by maximum follow-
up of 2years after surgery, it never returned to its preope-
rative level."” This pattern was consistent across normal,
overweight, and obese weight categorizations, though
obese patients showed the smallest increases in BMI per-
centile across almost all follow-up timepoints. While
MacAlpine et al.’s observation of elevated BMI percentile
in normal-weight patients is consistent with our study, the
findings diverge for the overweight and obese subgroups,
who we found had decreased BMI percentile at 24—
30months. Our observation that normal-weight sports
patients are likely to have significantly increased BMI per-
centile 2 or more years after surgery, while overweight
(but not obese) patients tend to decrease, raises interesting
questions. One possible explanation is that normal-weight
sports patients were accustomed to a higher level of physi-
cal activity preoperatively, and therefore the surgery
resulted in a greater reduction in activity than for their
overweight or obese counterparts, who may have experi-
enced a relatively smaller impact on their activity levels.
In addition, the MacAlpine study examined only patients
undergoing ACL-R; the broader scope of sports patients in
our study makes a direct comparison difficult. A signifi-
cant limitation of both studies is a lack of data regarding
preoperative and postoperative activity levels, leaving us

to merely hypothesize that postoperative increases in BMI
percentile may be due to reduced activity levels. However,
many studies have documented persistent symptomato-
logy and reduced rates of sports participation following
injury.22:23

The finding that underweight patients with scoliosis
tend to increase the weight percentile or BMI percentile
following spinal fusion is consistent with the existing liter-
ature. In a retrospective study that followed 50 cerebral
palsy (CP) patients with neuromuscular scoliosis (NMS)
for 2 years postoperatively, DeFrancesco et al. found that
those under the 50th percentile for weight relative to other
CP patients tended to increase weight percentile signifi-
cantly in the first year after posterior spinal fusion.?*
Similarly, a retrospective review by Baldwin et al. that
followed patients with CP who underwent spinal fusion
for NMS for up to 5years postoperatively discovered that
those of below-average preoperative weight increased
weight percentile significantly, while those weighing
above average decreased weight percentile, though the
latter value did not reach significance.?® The same trend has
been demonstrated after other scoliosis procedures as
well.2628 However, our study included only primary spinal
fusions while excluding patients with NMS; to the best of
our knowledge, no prior study has examined weight trends
following spinal fusion in this population. In patients with
adolescent idiopathic scoliosis (AIS) specifically, low BMI
has been associated with poor body image and the develop-
ment of eating disorders.?’ Therefore, the benefits of spinal
surgery for these patients may not be limited to correction
of the physical defect and enhancement of nutritional sta-
tus, but may also include improvements in mental health
during a critical developmental period when patients may
be especially vulnerable to poor body image and low self-
esteem. In addition, our observation that overweight or
obese children and adolescents decrease their BMI percen-
tile following spinal fusion has not been previously illus-
trated. Overall, we found a tendency for postoperative BMI
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percentile to trend toward normal in both underweight and
overweight or obese AIS patients. While there are theoreti-
cal benefits to respiratory function and exercise capacity
associated with surgical correction of scoliosis which may
contribute to decreased BMI percentile in these patients,
the cause of these changes remains to be elucidated.

Despite some improvements in BMI among the over-
weight and obese cohorts in this study, the overall pattern
of increased BMI percentile is concerning considering the
significant upward trend in obesity prevalence among both
youth and adults in the United States over the last several
decades. It is projected that, by 2030, nearly half of all
American adults will be obese, with almost a quarter classi-
fied as having severe obesity.3*3! Along with the increased
prevalence of childhood obesity, there has been a dramatic
rise in health complications associated with excess adipos-
ity in youth, which is likely to persist into adulthood.??33

In recent years, many different interventions targeted
toward reducing excess weight among youth have been
implemented at local and national levels, with varying
degrees of success.**** Given that this study is the first, to
the best of our knowledge, to demonstrate an association
between pediatric orthopedic surgery and increased post-
operative BMI percentile across a broad variety of proce-
dures, it may be premature to recommend postoperative
dietary modifications to counteract unfavorable changes in
weight. Nevertheless, considering that elective musculo-
skeletal procedures are among the most common surgeries
in children, the postoperative changes we have observed
illuminate yet another facet of childhood overweight and
obesity that should be taken into consideration. Moreover,
the finding that over one-third of patients were overweight
or obese at presentation suggests that above-normal-
weight classification is a risk factor for musculoskeletal
pathology requiring operative correction and is another
observation that warrants exploration.

This study has several limitations, including the inher-
ent disadvantages of a retrospective design. The lack of
specificity in the subject sample in reference to the proce-
dure performed and patient pathology understandably
adds a degree of heterogeneity to the study. In addition,
many patients at follow-up visits did not have their height
measured, precluding BMI calculation at these observa-
tions, and limiting our sample size. The shortcomings of
using BMI as a proxy for body composition are well
known, as BMI cannot differentiate between adiposity
and muscle mass; it is possible that some patients’ ele-
vated BMI percentile was a result of increased muscle as
opposed to fat.3® Given the complexity of caring for a
patient population varying significantly in BMI, a multi-
disciplinary team could have been employed to offer addi-
tional insight into treatment and postoperative weight
management protocols. Finally, a lack of data regarding
pre- and postoperative activity levels makes it difficult to
attribute the postoperative BMI percentile changes to dif-
ferences in activity level versus other causes.

Overall, we demonstrate that children and adolescents
undergoing orthopedic surgery may experience changes in
weight or BMI postoperatively. While many patients at the
extremes of weight experience improvement toward the
mean, a majority may undergo BMI increases beyond what
would be expected during normal growth. These findings
suggest the opportunity for individualized messaging based
on preoperative BMI status to assist with weight manage-
ment following elective musculoskeletal surgery.
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