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Utility of three-dimensional printing in the surgical management
of intra-articular distal humerus fractures: a systematic review
and meta-analysis of randomized controlled trials
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Background: Clinical outcomes after fixation of distal humerus intraarticular fractures are directly related to the quality of reduction. The
use of three-dimensional (3D)-printed fracture models can benefit preoperative planning to ensure good reduction. This review aims to
determine if surgery performed with 3D printing assistance are faster and result in fewer complications and improved clinical outcomes
than conventional methods. We also outline the benefits and drawbacks of this novel technique in surgical management of distal humerus
fractures.

Methods: A systematic literature search was carried out in various electronic databases. Search results were screened based on title and ab-
stract. Data from eligible studies were extracted into spreadsheets. Meta-analysis was performed using appropriate computer software.
Results: Three randomized controlled trials with 144 cases were included in the final analysis. The 3D-printed group had significantly
shorter mean operating time (mean difference, 16.25 minutes; 95% confidence interval [CI], 12.74-19.76 minutes; P<0.001) and mean in-
traoperative blood loss (30.40 mL; 95% CI, 10.45-60.36 mL; P=0.005) compared with the conventional group. The 3D-printed group also
tended to have fewer complications and a better likelihood of good or excellent outcomes as per the Mayo elbow performance score, but
this did not reach statistical significance.

Conclusions: Three-dimensional-printing-assisted surgery in distal humerus fractures has several benefits in reduced operating time and
lower blood loss, indirectly decreasing other complications such as infection and anemia-related issues. Future good-quality studies are re-
quired to conclusively demonstrate the benefits of 3D printing in improving clinical outcomes.

Level of evidence: I.
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that the functional outcome after fixation of intra-articular frac-

INTRODUCTION

tures is directly related to the quality of reduction, especially the

Intra-articular distal humerus fractures are uncommon injuries,
with a reported incidence of 5.7 to 8.3 per 100,00 people per year
[1,2]. These fractures are challenging to treat and often require
surgical intervention. In younger patients with good bone quality
and higher functional demands, the preferred surgical option is

open reduction and internal fixation (ORIF). Studies have shown

joint surface [3,4].

The recreation of three-dimensional (3D)-printed models of
fractured bone from computed tomography (CT) data could be
beneficial for preoperative planning of complex cases. To im-
prove visualization of the fracture with conventional imaging

modalities, 3D models allow a better sense of the fracture frag-
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ments and manipulation needed prior to the actual surgery. Such
models also allow creation of patient-specific custom implants
that better suit individual anatomy [5].

Despite these benefits, 3D printing is not routinely used in pre-
operative evaluation and surgical planning of distal humerus
fractures. It is unclear if application of 3D printing will signifi-
cantly improve functional outcomes. Hence, we conducted this
systematic review and meta-analysis to answer the following
questions: (1) Does the application of 3D-printed models of dis-
tal humerus fractures lead to quicker surgeries, with a reduction
in need for fluoroscopy? (2) Do these surgeries result in less
blood loss compared with conventional methods? (3) Is the com-
plication rate lower for surgeries operated with 3D printing assis-
tance, and do they have a better overall functional outcome?

We hypothesized that 3D printing would lead to quicker surger-
ies with less use of fluoroscopy and fewer complications, potential-
ly improving final clinical outcomes. This research draws a detailed
comparison of cases operated using 3D-printed models with those
performed using conventional techniques to offer better evidence
in favor or against this technology. To the best of our knowledge,

there have been no previous systematic reviews on this topic.

METHODS

Because this is a systematic review article and we did not process
individual patient data, ethics approval was not deemed neces-

sary.

Protocol and Registration
This study was conducted based on an a priori protocol that was
registered in MedRxiv.org as ID MEDRXIV/2022/269836 [6].

Search Methodology

This systematic review and meta-analysis was conducted accord-
ing to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Fig. 1). We conducted a lit-

erature search in the electronic databases of Medline (PubMed),

Table 1. Search strategy

Embase, Ovid, and Scopus, on August 6, 2022. The detailed search
strategy and the corresponding number of hits are shown in Table
1. Articles published from inception until the search date were
included in this study. Duplicate articles and non-English studies
were removed. Once eligible articles were finalized, a bibliogra-
phy search was performed to identify additional studies.

Participants, Intervention, Control, and Outcome Framework
for the Study

Participants: Adult patients with an intra-articular distal humer-
us fracture requiring surgery. Intervention: 3D printing-assisted
ORIE. Control: conventional ORIF without the use of 3D print-
ing. Outcomes: mean surgical duration, intraoperative blood
loss, fluoroscopy time, quality of reduction, rate of complications,

functional outcomes, and time to fracture union.

Records identified through
electronic database searching
E on Nov 6, 2021
‘5
% 10 PubMed, 0 Records identified
s 17 Scopus, through additional
= 56 Embase, sources
6,306 Ovid

? | 6,389 Total records |—>| 48 Duplicates removed |
:
a .
2 | 6,341 Title and abstracts screened |—>| 6,329 Records excluded |
> v 9 Full-text articles excluded
= 12 Full-text a.rt.ic!e.s 3 Review articles
2 assessed for eligibility 4 Non-clinical studies
= 2 Conference abstracts

3 Studies included in
3 qualitative synthesis
E
2 !
- 3 Studies included in

quantitative synthesis

Fig. 1. Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) flowchart showing the detailed search strate-
gy and identification of eligible articles.

Database Search string Number of hits

PubMed (((3D print*) AND (distal OR intercondylar OR intraarticular)) AND (humerus)) AND (fracture) 10

Scopus TITLE-ABS-KEY ((((3d AND print*) AND (distal OR intercondylar OR intraarticular)) AND (humerus)) AND 17
(fracture))

Embase ('3d'/exp OR 3d) AND print* AND (distal OR intercondylar OR intraarticular) AND (‘humerus'/exp OR humerus) 56
AND ('fracture'/exp OR fracture)

Ovid (((3D print*) AND (distal OR intercondylar OR intraarticular)) AND (humerus)) AND (fracture) 6,306

Total 6,389
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Inclusion and Exclusion Criteria
The detailed inclusion and exclusion criteria are given in Table 2.

Data Extraction

Literature search results were screened by two authors (VB and
SP) based on title and abstract. Inclusion and exclusion criteria
were applied to select eligible articles. In cases of uncertainty re-
garding inclusion of any article, full texts were obtained and re-
viewed. Any conflict with respect to the inclusion or exclusion of
a particular study between the two authors was resolved by mu-
tual discussion with the other authors. The data from eligible
studies were extracted into spreadsheets, including the name of
the first author, study design, number of patients, mean age,
mean operating time, blood loss, radiation exposure, complica-
tion rate, functional outcome, postoperative range of motion,

and time to fracture union.

Assessment of Risk of Bias

The Cochrane risk-of-bias tool for randomized controlled trials
was used to evaluate risk of bias in the included studies by two
authors separately (VK and SS) [7]. The tool included seven
items on generation of random sequence, allocation conceal-
ment, blinding of participants and personnel, blinding of out-

come assessment, incomplete outcome data, and other biases.

Statistical Analysis

A meta-analysis was carried out comparing the outcomes of the
group that underwent 3D-printing-assisted surgery with that of
the conventional surgery group. Continuous variables were as-
sessed with inverse variance weighted analysis, and the results are
depicted using mean differences. Mantel-Haenszel odds ratio es-
timates were used for dichotomous variables. The I” statistic was
used to report heterogeneity in the articles. A random-effects
model was chosen whenever I was greater than 50%, and in all
other cases, a fixed-effect model was used. For analyses, 95%
confidence intervals (ClIs) were used, with a P-value <0.05 con-
sidered statistically significant. Meta-analysis was conducted us-

ing Review Manager (RevMan computer program ver. 5.4.1, The

Table 2. Inclusion and exclusion criteria

Nordic Cochrane Center, The Cochrane Collaboration, 2014).

RESULTS

Search Results

The literature search yielded a total of 6,389 results, and 6,377
studies were excluded after screening by title and abstract and re-
moving duplicates. The full texts for the remaining 12 articles
were obtained. Nine articles were further excluded because they
were review articles (n=3), non-clinical studies (n=4), or con-
ference abstracts (n=2). Finally, three studies were selected for

the final analysis.

Study Characteristics

This meta-analysis included three randomized controlled trials
with data on 144 patients with a mean age of 42.9 years. There
were 87 males and 57 females. Sixty-nine cases were operated on
with the help of 3D-printed models, and 75 patients underwent
surgery without 3D printing assistance. Table 3 summarizes the
characteristics of included studies [8-10]. AO/OTA type 13C
(complete articular) fractures were included. All the studies used
Mimics software (Materialise) to reconstruct the 3D models
from CT data. The 3D printers used were SRP400B (Huasen 3D
Printing Research), 3D Ortho (Waston Med Inc.), and 3D printer
(Flashforge Ltd.).

Risk of Bias

The risk of bias assessment in the included studies resulted in
some concerns (Fig. 2). The domain of "blinding of participants
and personnel" had the highest risk of bias, with no studies fol-
lowing the practice. We conducted the meta-analysis despite this
increased risk of bias because it is not practically feasible to blind

the operating surgeon to the procedure.
Clinical Outcomes

Mean operating time
All included studies had data on mean surgical duration. The

Inclusion criteria

Exclusion criteria

- Randomized controlled trials

- Studies with comparative data on the outcomes of surgeries performed with as-

- Lower-evidence articles such as cohort studies, case-control
studies, case series, review articles, conference abstracts
- Non-English studies

sistance from three-dimensional-printed models versus conventional methods

- Studies published in the English language

- Articles that do not include sufficient outcome parameters
- Animal, biomechanical, and cadaveric studies
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3D-printed-assisted surgical group had significantly shorter
mean operating times compared with the conventional group
(mean difference, 16.25 minutes; 95% CI, 12.74-19.76 minutes;
P <0.001) (Fig. 3).

Intraoperative blood loss

Two studies had data on group mean intraoperative blood loss
[9,10]. The group that utilized 3D printing had significantly low-
er mean blood loss compared with the conventional group (mean
difference, 30.40 mL; 95% CI, 10.45-60.36 mL; P=0.005) (Fig. 4).

Intraoperative fluoroscopy time

Only one study compared mean radiation exposure between the
two groups [10]. Zheng et al. [10] reported that the 3D printing
group had significantly shorter fluoroscopy time than the con-
ventional group (5.3 + 1.9 vs. 8.7 £2.7 seconds, P <0.05).

Rate of complications

All studies included data on complication rates. There were six
instances (8.7%) of complications occurring in the 69 cases per-
formed with 3D printing assistance and 11 (14.7%) complica-
tions among the 75 patients that received conventional surgery
(infections). The complications reported were wound infection
and ulnar neuropathy. The 3D-printed group tended to have an
overall lower complication rate; however, this was not statistically
significant (odds ratio, 0.57; 95% CI, 0.21-1.58]; P =0.28) (Fig. 5).

Rate of excellent and good outcomes

All studies assessed functional outcome using the Mayo elbow
performance score. A score >90 points is classified as excellent,
79-89 points as good, 60-74 points as fair, and <60 points as
poor outcome. The patients that were operated on with 3D print-
ing assistance tended to have a more frequent good or excellent
outcomes (odds ratio, 1.79; 95% CI, 0.78-4.10). However, this
difference did not reach statistical significance (P =0.17) (Fig. 6).

Time to fracture union
The included studies reported mean time to fracture union in both
groups, ranging from 3.0-3.4 months. There was no significant

difference between the groups in terms of time to fracture union.

DISCUSSION

Distal humerus fractures present distinct challenges for the treat-
ing surgeon owing to their complex anatomy, soft tissue injuries,
and excessive load on the implants. Inadequate reduction of joint

surface leads to inferior functional outcomes. Therefore, proper
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Random sequence generation (selection bias)

Allocation concealment (selection bias) |

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

[ Low risk of bias [ Unclear risk of bias Il High risk of bias |

Fig. 2. Graph showing the risk of bias in the included studies.

3D printed Conventional Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% Cl
Shuang 2016 70.6 12.1 6 923 174 7 47%  -21.70[-37.82, -5.58]
Yang 2017 61 13 20 82 22 20 9.8%  -21.00 [-32.20, -9.80]
Zheng 2018 766 79 43 92 105 48 8550  -1540[-19.19,-11.61] =
Total (95% ClI) 69 75 100.0% -16.25 [-19.76, —=12.74] L 4

Rl _ _ L2 t t t t
Heterogeneity: Chi‘=1.32, df=2 (P=0.52); I’=0% 20 -10 0 10 20

Test for overall effect: Z=9.08 (P<0.00001) Favours [3D printed] Favours [conventional]

Fig. 3. Forest plot showing the comparison of mean operating time between surgeries that relied on three-dimensional (3D) printing assistance
and those without the help of 3D printing. SD: standard deviation, IV: inverse-variance, CI: confidence interval.

3D printed Conventional Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI
Yang 2017 47 16 20 69 28 20 47.4% -22.00 [-36.13, -7.87] ——
Zheng 2018 231.1 1741 43 2786 23 48 52.6%  -47.50 [-55.96, -39.04] ——
Total (95% Cl) 63 68 100.0% -35.40 [-60.36, —10.45] e
Heterogeneity: Tau’=289.81; Chi’=9.21, df=1 (P=0.002); I’=89% 220 210 0 10 20

Test for overall effect: Z=2.78 (P=0.005) Favours [3D printed] Favours [conventional]

Fig. 4. Forest plot showing the comparison of mean blood loss between the two groups. 3D: three-dimensional, SD: standard deviation, IV: in-
verse-variance, CI: confidence interval.

3D printed Conventional Mean difference Mean difference
Study or subgroup Mean  Total Mean Total Weight  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shuang 2016 0 6 1 7 12.9% 0.33 [0.01,9.97]
Yang 2017 2 20 4 20 35.8% 0.44[0.07, 2.76] B
Zheng 2018 4 43 6 48  51.2% 0.72 [0.19, 2.74] N E—
Total (95% Cl) 69 75 100.0% 0.57 [0.21, 1.58] i
Total events 6 "
Heterogeneity: Chi*=0.28, df=2 (P=0.87); I’=0% , , , ,
Test for overall effect: Z=1.08 (P=0.28) 0.005 0.1 1 10 200

Favours [3D printed] Favours [conventional]

Fig. 5. Forest plot showing the comparison of the rate of complications between the two groups. 3D: three-dimensional, M-H: Man-
tel-Haensze, CI: confidence interval.
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3D printed Conventional Mean difference Mean difference
Study or subgroup Mean Total Mean Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shuang 2016 5 6 5 7 9.0% 2.00[0.13, 29.81]
Yang 2017 17 20 14 20  245% 2.43[0.51, 11.51] =
Zheng 2018 36 43 37 48  66.5% 1.53 [0.53, 4.38] —
Total (95% Cl) 69 75 100.0% 1.79 [0.78, 4.10] el
Total events 58 56
Heterogeneity: Chi’=0.24, df=2 (P=0.89); I’=0% " " " "
Test for overall effect: Z=1.39 (P=0.17) 0.05 0.2 1 5 20

Favours [3D printed]  Favours [conventional]

Fig. 6. Forest plot comparing the incidence of good and excellent functional outcomes among the two groups. 3D: three-dimensional, M-H:

Mantel-Haenszel, CI: confidence interval.

preoperative planning is crucial, and use of 3D-printed models
could play an important role in managing these fractures.

Our systematic review revealed that application of 3D print-
ing-assisted surgery produced significantly better outcomes than
conventional methods in terms of quicker procedures with less
intraoperative blood loss. Patients who underwent surgery with
3D printing also had a lower rate of perioperative complications
and better overall functional outcomes than conventional surgery
patients, but this difference was not statistically significance.
Similar results have been reported in studies focusing on other
intra-articular and complex injuries such as tibial plateau frac-
tures, pilon fractures, pelvic-acetabular fractures, proximal hu-
merus fractures, and revision total hip arthroplasty [11-16].

The group with 3D-printed models consistently demonstrated
reduced surgical duration. Nevertheless, a more comprehensive
assessment is necessary to determine the clinical significance of
these time savings. Prolonged operating time is directly linked to
the incidence of perioperative complications [17]. Although the
difference in complication rate among the two the groups did not
reach statistical significance, the significant reduction in surgical
duration due to 3D printing-assisted surgery could potentially
decrease the incidence of complications, especially infections.
The significant decrease in blood loss with the help of this tech-
nique could also play a role in reducing postoperative anemia-re-
lated complications.

In the articles assessed in this review, 3D printing was primari-
ly used for preoperative planning, wherein 3D-printed models
are physical replicas that demonstrate the fracture's distinct mor-
phology and allow the surgeon to carry out simulated reduction
maneuvers. These models could be used to plan the ideal surgical
approach and the direction of screws, for implant selection and
positioning, and to determine the requirements for bone grafts.
This technique could greatly help amateur surgeons in their sur-
gical planning of multi-fragmentary articular fracture patterns
(AO type C3).

https://doi.org/10.5397/cise.2023.00591

Despite the various benefits, this technique does have some
drawbacks. The added costs involved in preparing the 3D models
are generally passed on to the patients, increasing their economic
burden. According to Yang et al. [9], the cost of printing a 3D
model was only U.S. $ 2-3; however, this does not account for the
capital required to set up the printing facility, which requires ex-
pensive instruments likely beyond the budget of low-volume
clinics. Complex 3D models require time for preparation and
printing, limiting their application in emergency cases or open
fractures. These limitations notwithstanding, because setting up
a 3D printer is a one-time investment, and since this technique
may be applied to other areas such as fractures of the proximal
humerus, pelvis/acetabulum, and in arthroplasty cases, we rec-
ommend 3D printing facilities for centers that have sufficient
capital and caseloads.

This meta-analysis also has a few limitations. Because a prima-
ry outcome was not defined, the potential for type-I and type-II
errors is inflated. The included studies did not report a sufficient-
ly long follow-up to account for long-term complications such as
secondary osteoarthritis. The relatively small overall sample size
could also explain why some results did not reach statistical sig-
nificance. The lack of blinding of participants and personnel in
most studies may have also led to bias. Yang et al. [9] and Zheng
et al. [10] provided data on blood loss, but Shuang et al. [8] did
not, which restricts the potential for a comprehensive pooled
analysis. Due to the limited number of studies and their poten-
tially diverse contexts, the findings may not be universally appli-
cable.

Despite these limitations, there are several strengths to this re-
view. To the best of our knowledge, this is the first meta-analysis
evaluating the utility of 3D printing in the fixation of distal hu-
merus fractures. We strictly followed a pre-defined study proto-
col. All the included studies were randomized controlled trials,
giving rise to the best quality of synthesized evidence. There was

uniformity in reporting the outcomes between all the studies.
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CONCLUSIONS

Application of 3D printing assistance in distal humerus frac-
tures—especially AO type 13C3, multi-fragmentary, complete
articular fractures—leads to significantly shorter operating times
and less blood loss, indirectly reducing the risk of infection. This
technique could also potentially improve the reduction quality
and postoperative functional outcomes, but more high-quality

studies are required to generate sufficient evidence.
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