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Introduction

Three-dimensional (3D) printing originated in the 1980s, 
when one of the first rapid prototyping machines was cre-
ated.1 With technological advancements, 3D printing has 
become more cost-effective, user-friendly, and increas-
ingly accessible.1 This has opened the door for various 
fields, including medicine, to embrace and integrate this 
versatile tool into their practices.1,2 The application of 3D 
printing in medicine can be traced back to the early 2000s, 
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Abstract
Purpose: Three-dimensional printing has evolved into a cost-effective and accessible tool. In orthopedic surgery, 
creating patient-specific anatomical models and instrumentation improves visualization and surgical accuracy. In pediatric 
orthopedics, three-dimensional printing reduces operating time, radiation exposure, and blood loss by enhancing surgical 
efficacy. This review compares outcomes of three-dimensional printing–assisted surgeries with conventional surgeries 
for upper and lower extremity pediatric surgeries.
Methods: A complete search of medical literature up to August 2023, using Ovid Medline, EMBASE, Scopus, Web of 
Science, and Cochrane Library was conducted in compliance with Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses guidelines. Broad search terms included “pediatrics,” “orthopedic,” and “3D-printing.” Eligible studies 
were assessed for intraoperative time, blood loss, and fluoroscopy exposure.
Results: Out of 3299 initially identified articles, 14 articles met inclusion criteria. These studies included 409 pediatric 
patients, with ages averaging 9.51 years. The majority were retrospective studies (nine), with four prospective and one 
experimental study. Studies primarily utilized three-dimensional printing for navigation templates and implants. Results 
showed significant reductions in operative time, blood loss, and radiation exposure with three-dimensional printing. 
Complication occurrences were generally lower in three-dimensional printing surgeries, but there was no statistical 
significance.
Conclusions: Three-dimensional printing is an emerging technology in the field of orthopedics, and it is primarily 
used for preoperative planning. For pediatric upper and lower extremity surgeries, three-dimensional printing leads to 
decreased operating room time, decreased intraoperative blood loss, and reduced radiation exposure. Other uses for 
three-dimensional printing include education, patient communication, the creation of patient-specific instrumentation 
and implants.
Level of evidence: Level III
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and started to make significant strides in the realm of 
orthopedic surgery in the mid-2010s. Orthopedic surgeons 
started utilizing 3D printing to create higher fidelity repli-
cas of bones and joints from patient imaging data, allow-
ing a better understanding of complex anatomies and 
facilitating more precise surgical interventions.3

The 3D-printing patient-specific anatomical models 
present many advantages. They allow the surgeon to better 
visualize and understand the complexities of the patient’s 
anatomy before entering the operating room. They are also 
useful in educational settings, where they can be used to 
better inform the patient of their procedure, or even for sur-
gical education of medical students and residents.4 Another 
use for 3D printing is to make patient-specific instrumenta-
tion (PSI), including customized navigation templates and 
surgical guides.3 By using PSI, the surgeon can more accu-
rately make incisions and place implants, which leads to a 
more efficient operation.5 To further increase surgical effi-
ciency, 3D printing can also be used to create patient-spe-
cific implants, uniquely tailored to each patient’s anatomy, 
as well as specific instrumentation.6

In pediatric orthopedics, the use of 3D printing is par-
ticularly invaluable due to the distinct challenges posed by 
the child’s compact anatomy and their specific develop-
mental needs. Allowing the surgeon to analyze patient 
deformities on a 3D-printed model preoperatively pro-
vides a major advantage by reducing necessary operating 
time, reducing radiation exposure, and reducing intraop-
erative blood loss.7–10 It also serves as a valuable educa-
tional resource for both the patients and their parents, 
which fosters increased confidence and reassurance for 
everyone involved.11

This literature suggests that 3D printing is a useful 
strategy for increasing surgical efficacy, however, previ-
ous reviews largely grouped adult and pediatric popula-
tions together,8,9,10,12 or focused on spinal orthopedic 
surgeries.13 This review aims to compare specific out-
comes (operative time, radiation exposure, and intraopera-
tive blood loss) in pediatric orthopedic upper and lower 
limb surgeries. Operations that used 3D printing for preop-
erative planning were compared with conventional surger-
ies. Comparing these quantitative outcomes allows us to 
identify if there’s a difference in surgical efficacy when 
using 3D printing in pediatric orthopedics, which can lead 
to better postoperative outcomes and other potential bene-
fits for this patient population.

Methodology

Search strategy

A complete search for medical literature was executed 
through August 2023 using Ovid Medline, EMBASE, 
Scopus, Web of Science, and Cochrane Library in compli-
ance with Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. Given 
that the concept of 3D printing is still emerging in the field 
of orthopedic surgery, the search strategy was kept inten-
tionally broad. Search terms included the following 
Medical Subject Headings and keywords: “infant,” 
“child,” “adolescent,” “pediatrics,” “orthopaedic,” “mus-
culoskeletal,” “bones,” “fracture,” “sports medicine,” 
“joints,” “osteotomy,” “3D-printing,” “additive manufac-
turing,” “rapid prototyping,” and “stereolithography.” 
Boolean operators (OR, AND) as well as asterisks for trun-
cation were used to optimize the search results (see 
Appendix 1).

Search results from all databases were uploaded to 
Covidence, and duplicates were automatically removed. 
Articles were initially screened independently by two 
reviewers based on title and abstracts. The remaining arti-
cles were screened based on the full text. Disagreements 
were discussed between the two reviewers to reach a con-
sensus, and conflicts were resolved by the senior author, a 
pediatric orthopedic surgeon.

Eligibility criteria

This systematic review focuses on the operative efficiency 
of upper and lower limb orthopedic pediatric surgery when 
3D printing is used. Inclusion criteria required that studies 
(1) used 3D printing as the primary intervention; (2) were 
upper or lower limb orthopedic procedures; (3) reported 
intraoperative time, blood loss, or fluoroscopy exposure; 
(4) provided results for pediatric patients (defined 
as < 18 years old). All available publication years were 
included.

Studies were excluded if: (1) 3D printing was not used; 
(2) the intervention was not an upper or lower limb ortho-
pedic procedure (e.g. spine, skull, teeth, heart, etc.); (3) the 
outcomes of the study did not include intraoperative time, 
blood loss, or fluoroscopy exposure; (4) the study was not 
in English or French; (5) the study was a review, editorial, 
technique article, methods article, conference proceeding 
or incomplete (e.g. only abstracts available); (6) the study 
used animals; (7) the study used cadavers; (8) or the study 
used bioprinting.

Data extraction

Included studies were compiled in a database and the fol-
lowing information was extracted: study title, author list, 
year of publication, sample size, mean age, sex, underlying 
condition, the type of surgical procedure, the type of 
3D-printed implant used, primary objective, total operative 
time, blood loss volume, fluoroscopy time, reported compli-
cations, other outcomes of interest, and final conclusions by 
authors. Studies were further categorized by their level of 
evidence (LOE), with prospective studies having an LOE II, 
retrospective studies with an LOE III, and experimental 
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studies/case series having an LOE IV. For prospective and 
retrospective studies, data for both control and experimental 
groups were compared and summarized. Data regarding 
costs of production and manufacturing relating to 
3D-printing implants for surgical use was disregarded from 
comparisons, and descriptive statistics of patient outcomes 
were used to assess the efficacy of 3D printing in compari-
son to conventional pediatric orthopedic surgery.

Statistical analysis

Figures 1–3 present paired data from conventional and 
3D-printing groups of each study. Mean values from the 
3D-printing group were pooled and compared to pooled 
mean values from the conventional group. GraphPad 
Prism version 8 was used to prepare graphical representa-
tions of patient outcome data.

Results

Of the 3299 articles identified via our combined search 
strategy, 1013 duplicates were automatically removed in 
Covidence prior to screening. Titles and abstracts of the 
remaining 2236 articles were screened using the above-
mentioned inclusion and exclusion criteria. During title and 
abstract screening, 2094 articles were excluded, yielding 
192 articles progressing to full text retrieval. Of the 192 
articles, 178 articles were further excluded following full 
text review, yielding 14 articles that fully satisfy our preset 
inclusion and exclusion criteria. Of the 169 articles 
excluded, the most frequent reasons for exclusion were: 
wrong intervention (n = 54), wrong patient outcomes 
(n = 39), and language of publication (n = 22). Other reasons 
included wrong study design, unretrievable full texts, and 
patient populations above the age of 21. Figure 4 presents 
the PRISMA diagram detailing the flow of study selection.

Included articles were published between 2017 and 
2023, of which four were prospective studies, nine were 
retrospective studies, and one experimental study. One 
article included three patients above the age of 18.14 The 
rest consisted exclusively of pediatric data. The sample 
size totaled to n = 409 patients, with 170 males and 239 
females, and an average age of 9.51 years.

Effect of the use of 3D printing on operating 
room time

Prospective studies included the surgical management of 
cubitus varus deformity,15 leg length discrepancy,16 devel-
opmental dysplasia of the hip (DDH),17 and slipped capital 
femoral epiphysis18 in pediatric populations. While all 
these studies used 3D printed navigation templates, medi-
cal-grade poly-L-lactic acid (PLA) was the material of 
choice for the first three studies,15–17 while the last prospec-
tive study employed acrylonitrile butadiene styrene 

(ABS).18 Triplane proximal femoral osteotomy (TPFO) 
was used to treat slipped capital femoral epiphysis, proxi-
mal femoral osteotomy (PFO) for DDH, guided growth 
surgery (GGS) for leg length discrepancy, and humeral 
supracondylar wedge osteotomy (HSWO) for cubitus varus 
deformity (see Table 1). All four prospective studies 
recorded operative time, and three out of four studies found 
significant differences in operative time, with the 
3D-printing cohort recording shorter surgeries than surger-
ies in the control cohort.15–17 The 3D-printing navigation 
templates to aid cubitus varus deformity correction via 
HSWO significantly decreased operative time (mean ± SD, 
C vs T, 22.89 ± 3.94 vs 11.69 ± 2.21 min, p < 0.001).15 In 
GGS, the use of 3D-printing navigation templates was also 
found to decrease operative time (28.39 ± 2.35 vs 
20.78 ± 2.36 min, p < 0.001).16 In PFO, 3D printing was 
also found to decrease operative time (46.92 ± 11.51 vs 
21.08 ± 4.64 min, p < 0.001.17 Retrospective studies 
included the surgical management of complex limb defor-
mities by corresponding deformity correction procedures,14 
cubitus varus deformity by HSWO,19 Madelung disease 
and posttraumatic malunions by various types of osteoto-
mies,20 and DDH and femoral neck fractures by Locking 
Compression Pediatric Hip PlateΤΜ placement (LCP-
PHPP).21 All studies recorded operative time, and eight out 
of nine studies found statistically significant decreases in 
operative time in the 3D-printing surgeries compared to 
control surgeries.17,19,20,22–26 One experimental study that 
aimed to explore radiographic outcomes using patient-spe-
cific drill templates in simulated subcapital correction oste-
otomy showed a reduced operating room time.27

Effect of the use of 3D printing on 
intraoperative blood loss

Of the four prospective studies, three studies did not collect 
data on intraoperative blood loss, except the study assess-
ing the use of 3D printing in TPFO for slipped capital fem-
oral epiphysis, which did not denote any statistical 
significance (Senior group vs C vs T, 981.5 ± 534.4 vs 
962.6 ± 276.1 vs 979.8 ± 316.2 mL, p = 0.3; see Table 2).18 
Five out of ten retrospective studies recorded intraoperative 
blood loss,14,19,24–26 and four of the five stated they found a 
statistically significant decrease in blood loss during 3D 
printing surgeries compared to control surgeries.19,24–26

Effect of the use of 3D printing on fluoroscopy 
exposure

Three prospective studies recorded the frequency of fluo-
roscopy exposure, and two studies stated they found a sta-
tistically significant decrease in radiation exposure during 
surgeries that used 3D printing,16,17 while one study did not 
find any statistically significant difference in fluoroscopy 
time.18 Seven out of ten retrospective studies recorded the 
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frequency of fluoroscopy exposure, and all noted a statisti-
cally significant decrease in X-ray exposure in the 3D print-
ing groups compared to control cohorts (see Table 3).20–26 
One experimental study also mentioned a statistically sig-
nificant difference in X-ray exposure during simulated sur-
geries with 3D printed drill guides compared to control 
simulations.27

Effect of the use of 3D printing on complication 
occurrence

Three out of four prospective studies recorded the occurrence 
of complications,16–18 and two of the three studies stated they 
found a statistically significant decrease in complication 
occurrence in the 3D-printing group (see Table 4).16,17 

Figure 1.  The use of 3D-printed navigation templates shows a general trend of reduced operating room time in comparison to 
control surgeries.
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Figure 2.  Effect of 3D-printed navigation templates on blood 
loss.

Figure 3.  The 3D-printed navigation templates reduced 
fluoroscopy exposure.

Figure 4.  PRISMA flow chart.

Seven out of ten retrospective studies compared complica-
tion frequency between 3D printing and control surger-
ies,14,19–21,23,24,26 and one out of seven studies noted a 
significant decrease in postoperative complication.21

Discussion

This systematic review highlights the potential of 
3D-printing technology to enter standard practice in the 
preoperative planning of pediatric orthopedic surgery. 
Preoperative planning using 3D-printed models provides 

surgeons with a more precise understanding of patient-
specific anatomical structures, which in turn allows them 
to streamline their surgical approach, reducing operating 
room time, intraoperative blood loss, and radiation expo-
sure for pediatric patients, thus resulting in a more efficient 
surgery. Despite certain articles reporting fewer complica-
tions and improved clinical outcomes with 3D printing 
compared to conventional surgeries, a significant propor-
tion of studies reported no notable distinctions. Reported 
complications include growth plate cartilage or articular 
cartilage injury, epiphyseal injury, wound infections, and 
nerve injury.14,16,17,19 It is, therefore, difficult to evaluate 
the clinical significance of 3D printing since there is insuf-
ficient evidence regarding the improvement in patient out-
comes. Nevertheless, a decrease in operating room time 
holds evident advantages, such as from a cost-effective-
ness standpoint.28 Prolonged operating times and increased 
intraoperative blood loss correlate with elevated risks of 
complications, both of which could be mitigated by the 
implementation of 3D printing into standard practice.29,30 
In addition, decreasing intraoperative blood loss often 
enables earlier and safer patient recovery.30 Moreover, a 
systematic review and meta-analysis showed that the like-
lihood of complications increases significantly with pro-
longed operative duration, approximately doubling with 
operative time thresholds exceeding two or more hours.31 
While complication rates vary among surgical disciplines, 
prolonged operative durations generally align with 
increased complication risks across most specialties. 
Recognizing the significant impact of surgical complica-
tions on patient well-being and healthcare expenses, stake-
holders including surgeons, healthcare facilities, and 
policymakers should prioritize strategies aimed at stream-
lining operative processes and enhancing workflow effi-
ciency. Nevertheless, this focus on time reduction must be 
balanced with other critical factors such as patient safety 
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Table 1.  Study characteristics and operating room time.

Study Year LOE Surgery Cohort size Age Sex
Operating 
room time p-value

Hu et al.15 2020 II HSWO C: 16
T: 19

C: 7.79
T: 6.86

M: 21 F: 14 C: 22.89
T: 11.69

< 0.001

Fan et al.16 2022 II GGS C: 24
T: 21

C: 9.13
T: 9.43

C: M 11 F 13
T: M 13 F 8

C: 28.39
T: 20.78

< 0.001

Zheng et al.17 2017 II PFO C: 13
T: 12

C: 10.48
T: 10.85

C: M 2 F 11
T: M 2 F 10

C: 46.92
T: 21.08

< 0.001

Cherkasskiy et al.18 2017 II–III TPFO S: 5
C: 5
T: 5

S: 13.2
C: 13.5
T: 14.1

M: 7 F: 8 S: 163.8
C: 170.4
T: 125.8

0.40

Gigi et al.14 2022 III CDC C: 21
T: 17

C: 15
T: 14.7

C: M 8 F 13
T: M 9 F 8

C: 126.4
T: 101

0.76

Zhang et al.19 2019 III HSWO C: 11
T: 14

C: 9.6
T: 9.9

C: M 7 F 4
T: M 8 F 6

C: 73.5
T: 48.3

< 0.001

Benayoun et al.20 2022 III Osteotomies C: 14
T: 9

C: 15
T: 14.4

C: M 5 F 9
T: M 7 F 2

C: 171
T: 129

0.02

Zheng et al.21 2017 III LCP-PHPP C: 11
T: 13

6.6 C: M 7 F 4
T: M 8 F 5

C: 57.15
T: 26.50

< 0.05

Shi and Sun 22 2020 III DFSO C: 14
T: 15

C: 4.2
T: 3.7

C: M 3 F 11
T: M 4 F 11

C: 37.3
T: 20.6

< 0.001

Zhou et al.23 2022 III PFVO C: 15
T: 16

— M: 8 F: 23 C: 48.2
T: 31.0

< 0.001

Liu et al.24 2022 III TTO C: 18
T: 20

C: 11.5
T: 11.7

C: M 3 F 15
T: M 5 F 16

C: 156.0
T: 126.6

0.03

Sun et al.25 2023 III PFO C: 20
T: 16

C: 4.58
T: 4.38

C: M 3 F 17
T: M 1 F 15

C: 161.4
T: 127.2

< 0.001

Cao et al.26 2022 III PFO C: 20
T: 20

C: 9.7
T: 9.1

C: M 13 F 7
T: M 15 F 5

C: 50.70
T: 23.90

< 0.0001

Zakani et al.27 2021 IV SCCO 5 11–14 M: 1 F: 4 C: 4.1
T: 1.5

< 0.001

LOE: level of evidence; HSWO: humeral supracondylar wedge osteotomy; GGS: guided growth surgery; PFO: proximal femoral osteotomy; TPFO: 
triplane proximal femoral osteotomy; CDC: corresponding deformity correction; LCP-PHP: Locking Compression Pediatric Hip PlateTM placement; 
DFSO: derotational femoral shortening osteotomy; PFVO: proximal femoral varus osteotomy; TTO: Tonnis triple osteotomy; SCCO: subcapital 
correction osteotomy; NS: nonsignificant; NA: not applicable.

Table 2.  Study characteristics and blood loss.

Study Year LOE Surgery Cohort size Age Sex Blood loss p-value

Cherkasskiy et al.18 2017 II–III TPFO S: 5
C: 5
T: 5

S: 13.2
C: 13.5
T: 14.1

M: 7 F: 8 S: 981.5
C: 962.6
T: 979.8

0.3

Gigi et al.14 2022 III CDC C: 21
T: 17

C: 15
T: 14.7

C: M 8 F 13
T: M 9 F 8

C: 2.5
T: 2.1

0.48

Zhang et al.19 2019 III HSWO C: 11
T: 14

C: 9.6
T: 9.9

C: M 7 F 4
T: M 8 F 6

C: 52.1
T: 35.6

< 0.001

Liu et al.24 2022 III TTO C: 18
T: 20

C: 11.5
T: 11.7

C: M 3 F 15
T: M 5 F 16

C: 135.7
T: 115.0

0.05

Sun et al.25 2023 III PFO C: 20
T: 16

C: 4.58
T: 4.38

C: M 3 F 17
T: M 1 F 15

C: 370.95
T: 301.75

< 0.001

Cao et al.26 2022 III PFO C: 20
T: 20

C: 9.7
T: 9.1

C: M 13 F 7
T: M 15 F 5

C: 58.8
T: 37.50

< 0.0001

LOE: level of evidence; TPFO: triplane proximal femoral osteotomy; CDC: corresponding deformity correction; HSWO: humeral supracondylar 
wedge osteotomy; TTO: Tonnis triple osteotomy; PFO: proximal femoral osteotomy; NS: nonsignificant; NA: not applicable.
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Table 3.  Study characteristics and X-ray exposure.

Study Year LOE Surgery Cohort size Age Sex
Fluoroscopy 

exposure p-value

Fan et al.16 2022 II GGS C: 24
T: 21

C: 9.13
T: 9.43

C: M 11 F 13
T: M 13 F 8

C: 4.70
T: 3.50

< 0.001

Zheng et al.17 2017 II PFO C: 13
T: 12

C: 10.48
T: 10.85

C: M 2 F 11
T: M 2 F 10

C: 6.69
T: 3.92

< 0.001

Cherkasskiy et al.18 2017 II–III TPFO S: 5
C: 5
T: 5

S: 13.2
C: 13.5
T: 14.1

M: 7 F: 8 S: 0.3
C: 0.6
T: 0.3

0.3

Benayoun et al.20 2022 III Osteotomies C: 14
T: 9

C: 15
T: 14.4

C: M 5 F 9
T: M 7 F 2

C: 13.3
T: 2.4

< 0.001

Zheng et al.21 2017 III LCP-PHPP C: 11
T: 13

6.6 C: M 7 F 4
T: M 8 F 5

C: 11.85
T: 6.00

< 0.05

Shi et al.22 2020 III DFSO C: 14
T: 15

C: 4.2
T: 3.7

C: M 3 F 11
T: M 4 F 11

C: 8.1
T: 3.0

< 0.001

Zhou et al.23 2022 III PFVO C: 15
T: 16

— M: 8 F: 23 C: 8.3
T: 5.0

< 0.001

Liu et al.24 2022 III TTO C: 18
T: 20

C: 11.5
T: 11.7

C: M 3 F 15
T: M 5 F 16

C: 8.6
T: 3.3

< 0.001

Sun et al.25 2023 III PFO C: 20
T: 16

C: 4.58
T: 4.38

C: M 3 F 17
T: M 1 F 15

C: 8.7
T: 4.5

< 0.001

Cao et al.26 2022 III PFO C: 20
T: 20

C: 9.7
T: 9.1

C: M 13 F 7
T: M 15 F 5

C: 6.8
T: 4.4

< 0.0001

Zakani et al.27 2021 IV SCCO 5 11–14 M: 1 F: 4 C: 14
T: 3

< 0.001

LOE: level of evidence; GGS: guided growth surgery; PFO: proximal femoral osteotomy; TPFO: triplane proximal femoral osteotomy; LCP-
PHP: Locking Compression Pediatric Hip PlateTM placement; DFSO: derotational femoral shortening osteotomy; PFVO: proximal femoral varus 
osteotomy; TTO: Tonnis triple osteotomy; SCCO: subcapital correction osteotomy; NS: nonsignificant; NA: not applicable.

Table 4.  Study characteristics and complication occurrences.

Study Year LOE Surgery Cohort size Age Sex Complications p-value

Fan et al.16 2022 II GGS C: 24
T: 21

C: 9.13
T: 9.43

C: M 11 F 13
T: M 13 F 8

C: 3
T: 0

0.094

Zheng et al.17 2017 II PFO C: 13
T: 12

C: 10.48
T: 10.85

C: M 2 F 11
T: M 2 F 10

C: 0.92
T: 0

0.008

Cherkasskiy et al.18 2017 II–III TPFO S: 5
C: 5
T: 5

S: 13.2
C: 13.5
T: 14.1

M: 7 F: 8 S: 1
C: 2
T: 0

NA

Gigi et al.14 2022 III CDC C: 21
T: 17

C: 15
T: 14.7

C: M 8 F 13
T: M 9 F 8

C: 1
T: 0

NA

Zhang et al.19 2019 III HSWO C: 11
T: 14

C: 9.6
T: 9.9

C: M 7 F 4
T: M 8 F 6

C: 2
T: 2

0.371

Benayoun et al.20 2022 III Osteotomies C: 14
T: 9

C: 15
T: 14.4

C: M 5 F 9
T: M 7 F 2

C: 3
T: 3

NS

Zheng et al.21 2017 III LCP-PHP C: 11
T: 13

6.6 C: M 7 F 4
T: M 8 F 5

C: 3.29
T: 0

< 0.05

Zhou et al.23 2022 III PFVO C: 15
T: 16

— M: 8 F: 23 C: 1
T: 0

NS

Liu et al.24 2022 III TTO C: 18
T: 20

C: 11.5
T: 11.7

C: M 3 F 15
T: M 5 F 16

C: 0
T: 0

NS

Cao et al.26 2022 III PFO C: 20
T: 20

C: 9.7
T: 9.1

C: M 13 F 7
T: M 15 F 5

C: 0
T: 0

NS

LOE: level of evidence; GGS: guided growth surgery; PFO: proximal femoral osteotomy; TPFO: triplane proximal femoral osteotomy; CDC: 
corresponding deformity correction; HSWO: humeral supracondylar wedge osteotomy; LCP-PHP: Locking Compression Pediatric Hip PlateTM 
placement; PFVO: proximal femoral varus osteotomy; TTO: Tonnis triple osteotomy; NS: nonsignificant; NA: not applicable.
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and the identification of additional risk elements for com-
plications. As such, adapting the use of 3D printing could 
not only improve the overall surgical state of the patient, 
but could also improve surgical outcomes. Further research 
is encouraged to explore interventions aimed at reducing 
operative durations while considering patient outcomes 
post-surgery.

Finally, pediatric patients are more sensitive to radia-
tion than adults due to their rapidly growing cells, so it is 
beneficial to minimize radiation exposure when possible. 
Less fluoroscopy scans also benefit the health of the surgi-
cal staff, due to less direct and scatter radiation.32 In addi-
tion, there are significant risks associated with anesthesia 
on the developing brain.33 This literature on the use of 3D 
printing in orthopedic surgery often groups adult and pedi-
atric populations together, however, pediatric patients in 
particular can benefit from 3D printing due to their unique 
case-by-case anatomy.

Another emerging use for 3D printing is the creation of 
personalized implants and prosthetics.34 Customized pros-
thetic devices are especially beneficial to pediatric patients 
because of their rapidly growing bodies. Furthermore, 
3D-printed models are useful for clinical training. The 
brevity of pediatric medicine exposure during medical 
school results in pediatric subspecialists progressing with 
insufficient knowledge and experience. This warrants the 
use of 3D-printed models for more efficient training, as 
they have been shown to improve medical education and 
procedural performance in pediatric training.35,36 The syn-
ergistic benefits of 3D printing and pediatric orthopedic 
surgery merit further exploration.

Although this review highlights the outcomes of 3D 
printing when used for preoperative planning in upper 
and lower limb pediatric orthopedic surgeries, it has sev-
eral other medical applications as well.37 In orthopedic 
surgery, 3D printing is mostly used for preoperative plan-
ning, but it is also often used for creating final implants 
and PSI. Between 2012 and 2018, trauma and oncology 
were the orthopedic subspecialities that used 3D printing 
the most.12 Across all age groups and subspecialities, 3D 
printing significantly reduced operative time, intraopera-
tive blood loss, and the number of fluoroscopy shots, 
which represents important patient benefits.12 For the 
surgical treatment of pediatric spinal pathologies, preop-
erative planning using 3D printing applications show 
improved screw placement accuracy, but does not iden-
tify significant differences in operative time or blood 
loss.13 In pediatric orthopedic surgeries involving the 
upper and lower limbs, notable reductions were observed 
in operating time, intraoperative blood loss, and radiation 
exposure. However, the impact on surgical accuracy and 
patient outcomes remains inconclusive, with varying per-
spectives in the existing literature.

Since 3D printing is still an emerging technology, the 
research consists majorly of retrospective and prospective 

studies, which presents different sources of potential bias. 
Randomized control trials are necessary to further authen-
ticate the effectiveness of 3D printing in preoperative 
planning. Moreover, many of the existing studies group 
adult populations and pediatric patients into a single 
cohort. Given the major differences in adult and pediatric 
surgery, more studies exclusively examining the outcomes 
of pediatric procedures would be beneficial.

The future of 3D printing in orthopedic surgery holds 
great promise. Advancements in this technology are 
likely to further refine the customization of implants, 
enabling orthopedic surgeons to create patient-specific 
devices with precision and high fidelity. It will continue 
to allow orthopedic surgeons to optimize their surgical 
approach before entering the operating room, which is 
favorable for the patients and can reduce complications. 
Significant advancements are anticipated in the role of 
3D printing within medical education as well. The poten-
tial for point-of-care manufacturing of personalized med-
ical devices and anatomical models may foster a paradigm 
shift, promoting more accessible and cost-effective 
healthcare solutions. As research and development in 3D 
printing technologies advance, the future holds exciting 
possibilities for transforming the way we approach and 
deliver healthcare across diverse medical disciplines.

Conclusion

Three-dimensional printing is an emerging technology in 
the field of orthopedics. Among its various applications, it is 
primarily used for preoperative planning. For pediatric 
upper and lower extremity surgeries, 3D printing leads to 
decreased operating room time, decreased intraoperative 
blood loss, and reduced radiation exposure. Other uses for 
3D printing include education, patient communication, the 
creation of PSI, and patient-specific implants. Additional 
higher-level studies are required for this patient population 
and intervention.
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