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Abstract

Background Patients with developmental dysplasia of the hip (DDH) have complex proximal femoral deformities,
and orthopedic surgery lacks objectivity. Expectations for surgical outcomes are often not achieved, and postopera-
tive problems are common. Using 3D-printed technology in orthopedics offers a novel approach to precise and
individualized treatment in modern orthopedics. The aim of this study was to investigate the value of the application
of 3D-printed osteotomy guide plates in femoral osteotomy. The clinical indices of femoral osteotomy in children with
DDH using 3D-printed osteotomy guide plates were compared with those of traditional osteotomy.

Methods The clinical data of children with DDH who underwent open reduction and Salter pelvic osteotomy com-
bined with femoral osteotomy from September 2010 to September 2020 were retrospectively collected and analyzed.
Based on the inclusion and exclusion criteria, a total of 36 patients were included in the study: 16 in the guide plate
group and 20 in the conventional group. Operation time (total), operation time (femoral side), X-ray fluoroscopy times
(total), X-ray fluoroscopy times (femoral side) and intraoperative blood loss were analyzed and compared between the
two groups. Comparison of treatment-related indicators such as postoperative neck-shaft angle, postoperative ante-
version angle, hospitalization time, and hospitalization expenses is made between the two groups. The two groups of
patients were evaluated at the last follow-up using the McKay clinical evaluation criteria.

Results Between the two groups, there were significant differences in operation time (total), operation time (femoral
side), X-ray fluoroscopy times (total), X-ray fluoroscopy times (femoral side) and intraoperative blood loss (P<0.05). The
postoperative neck-shaft angle, postoperative anteversion angle, hospitalization time and hospitalization expenses
did not differ significantly (P>0.05). The MacKay clinical evaluation did not significantly differ at the most recent
follow-up (P>0.05).

Conclusions Children with DDH undergoing proximal femoral osteotomy using 3D-printed osteotomy guide plates
benefit from a simpler surgical procedure, shorter operative time, less bleeding and less radiation exposure during
surgery. This technique is of great clinical value.
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and treatment will eventually lead to adverse outcomes
such as hip osteoarthritis and femoral head avascular
necrosis. Children’s hip joints still have some potential
for development [4]. Open reduction, pelvic osteotomy
combined with proximal femoral derotation, and varus/
shortening osteotomy are often used as standard treat-
ment for children with DDH who are ineffective in con-
servative treatment or late diagnosis [5].

The hip joint has a complicated anatomy, and the
patient’s hip joint has varying degrees of deformity. The
only way to ensure a precise osteotomy during surgery
to achieve good coverage after acetabular rotation and
accurate correction of femoral derotation, varus and
shortening osteotomies is to fully understand the degree
of deformity before surgery and to formulate a precise
surgical plan. Conventional surgery is planned preop-
eratively by assessing the severity of the deformity with
preoperative pelvic and femoral radiographs or CT scans.
During surgery, the osteotomy is performed under C-arm
fluoroscopy using anatomical markers. The surgical out-
come depends on the experience of the surgeon. Gallien
et al. conducted a clinical and radiological study of the
surgical outcome of 39 patients (43 hips) treated for con-
genital hip dislocation using open reduction combined
with osteotomy and found that even experienced opera-
tor did not ensure the desired surgical outcome (18% fail-
ure rate) [6]. There is therefore an urgent need for more
accurate and tailored treatment for children with DDH.

The use of 3D-printed technology in orthopedic clin-
ics is becoming increasingly popular as a result of rapid
advances in computer science and imaging technology.
This has had a significant impact on how orthopedic
diagnoses and treatments are now carried out. Research
has shown that the use of 3D-printed surgical naviga-
tion template can help orthopedic patients to receive
tailored and precise surgical care [7, 8]. Before surgery,
three-dimensional software was used to create a precise
surgical plan and intuitively understand the deformity.
The design of the guide plates is carried out in the 3D
editing software according to the proposed preoperative
plan, and the 3D printer is used to obtain the entity of
the guide plates to be used intraoperatively. The surgeon
simply needs to locate the bone marker fixed naviga-
tion template according to the preoperative plan; using
the template as a guide, the surgeon can then choose
the direction, angle and depth of the osteotomy or screw
placement. Using this simple procedure, surgery preci-
sion is greatly improved, and operation time is reduced.
However, there are very few reports of this technique
being used to surgically treat children with DDH. This
study aims to compare the application benefits of proxi-
mal femoral osteotomy between 3D-printed guide-
assisted and traditional surgical therapy in children with
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DDH, in conjunction with clinical practice, and to assess
its clinical application value by collecting patient data.

Patients and methods

Clinical data

Retrospective data collection was done on the clinical
information of children with DDH who underwent open
reduction, pelvic Salter osteotomy and femoral oste-
otomy between September 2010 and September 2020.
The study’s inclusion and exclusion criteria led to the
selection of a total of 36 kids (36 hips) as study partici-
pants. The individuals were split into a guide plate group
(16 cases) and a conventional group (20 cases), depend-
ing on whether the 3D-printed navigation template was
employed to facilitate femoral osteotomy. All operations
were performed by the same experienced surgeon.

This study was authorized by the Fourth Affiliated
Hospital of Harbin Medical University’s Medical Ethics
Review Committee (Approval ID: 2023-YXLLSC-02) and
complied with the Declaration of Helsinki’s guidelines.
The children’s parents received information about the
study and gave their informed consent.

The following inclusion and exclusion criteria were met
by the chosen subjects:

Inclusion criteria: (1) children with unilateral develop-
mental hip dislocation; (2) complete case data; (3) no his-
tory of hip infection; (4) no obvious hip and knee flexion
deformity; (5) no prior relevant treatment; (6) the treat-
ment plan was an open reduction of the affected hip, pel-
vic Salter osteotomy combined with femoral osteotomy;
(7) informed of the study and surgical plan and follow-up
time > 48 months.

Exclusion criteria: (1) children with bilateral develop-
mental hip dislocation; (2) prior treatment in any form;
(3) combination with other malformations; (4) preopera-
tive complications such as femoral head necrosis; (5) uni-
lateral hip dislocation caused by neuromuscular diseases
or other definite causes; (6) incomplete case data.

Methods
Every patient had preoperative pelvic X-ray (supine, both
lower limbs straight, toes internally rotated, both heels
apart) and hip CT scan (supine position, knee and ankle
joints together, iliac wing scan to the middle of the calf).
In the conventional group, the department developed
the surgical strategy following a discussion based on
the examination results. Following a three-dimensional
reconstruction of the CT scan results, the guide plate
group created the surgical plan and designed and printed
each patient’s unique femoral osteotomy guide plate. For
all patients, derotation and varus were necessary for the
proximal femur, and some individuals also had a shorten-
ing osteotomy.
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Creation of the surgical guide plates

The Mimics 21.0 software (Materialise, Leuven, Belgium)
was used to import the DICOM-formatted CT data of
the patients in the guide plate group, produce a new bone
mask and segment the bone mask of the operation area
using commands such as region expanding and alter-
ing the mask. After further smoothing and editing, the
model was imported into 3-Matic 11.0 (Materialise, Leu-
ven, Belgium), where the femoral anteversion angle, the
femoral neck-shaft angle and the height of the femoral
dislocation were all measured in three dimensions.

The degree of varus, derotation/shortening osteotomy
of the proximal femur, and measurement data were calcu-
lated, and the simulated operation was performed by the
preoperative plan. The lower edge plane of the lesser tro-
chanter was used as the horizontal osteotomy plane, and
the greater trochanter served as the anatomical marker.
Reverse engineering was used to create the lateral bone
surface of the proximal femur, which was then exported
in STL format using commands like consistency offset
and Boolean operation. Third-party printing was com-
missioned after the design of the guides was completed
(Fig. 1). (Note: The design of the guides was done by the
treatment team and the cost of the third-party printing of
the guides came from the subject funding. The patients
did not have to pay for any costs related to the guides.)

Operative procedure

Anesthesia, surgical exposure and Salter pelvic osteotomy
Children were positioned supine, with the affected side
buttocks lifted to a pad height of 20° to 30°, and general
anesthesia was given before endotracheal intubation. The
Smith—Peterson method for the anterolateral hip was
applied. To clean the acetabulum, the iliopsoas tendon
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was routinely severed, and the joint capsule was sliced in
a "T" shape. The ischial notch, internal and external iliac
plates, and other structures were visible. Using a pendu-
lum saw, the osteotomy was carried out from the ischial
notch above the anterior inferior iliac spine. After the
osteotomy, two paper towel forceps were used to secure
the distal and proximal ends of the osteotomy. To posi-
tion the acetabular direction properly, the distal end of
the osteotomy was rotated forward, downward and out-
ward. From the iliac wing, a wedge-shaped bone block of
the appropriate size was cut, positioned in the distal oste-
otomy’s posterior area and securely fastened with Kirsch-
ner wire.

Proximal femoral varus, derotation/shortening osteotomy
On the outside of the proximal thigh, another longi-
tudinal incision was created. Subperiosteal dissection
exposed the greater trochanter of the femur and the lat-
eral aspect of the upper femur.

Guide plate group: Four auxiliary osteotomy guides,
including a positioning guide plate, a connecting guide
plate, an oblique osteotomy guide plate and a transverse
osteotomy guide plate, are needed for femoral osteoto-
mies. The procedure was summed up as follows: Using
a proximal femoral positioning guide, three Kirschner
wires were placed; a connecting guide plate was installed;
three distal Kirschner wires were placed; an oblique oste-
otomy guide plate was placed through three distal Kirsch-
ner wires; and a transverse osteotomy guide plate was
placed through three distal Kirschner wires. It is possi-
ble to remove a wedge-shaped or trapezoidal bone block,
depending on whether femoral shortening is carried out.
The proximal and distal ends of the osteotomy are "face-
to-face" involution after the bone block is removed [9].

Fig. 1 Lateral view (a) and front view (b) of the osteotomy guide plate object. (1) Positioning guide plate. (2) Connecting guide plate. (3) Transverse

osteotomy guide plate. (4) Oblique osteotomy guide plate
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Conventional group: In the pelvic X-ray and the hip
CT, the bilateral neck-shaft angle and the anteversion
angle, respectively, were measured. The varus and ante-
version angle of the diseased side were planned to use
the healthy side as the correction standard. The amount
of distal movement needed to reduce the gap following
horizontal osteotomy depends on the height of the femo-
ral head dislocation in the distal femur.

The locking compression pediatric hip plate (LCP-
PHP) was used to fix the osteotomy’s distal and proximal
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ends, and its proximal end was fixed to the greater tro-
chanter epiphysis’s lower edge (Fig. 2).

X-rays were used to assess the postoperative femoral
neck-shaft angle and anteversion angle. (The lower limbs
were fixed at 90° of knee flexion and hip flexion, the hip
joint was abducted at 60°, the hips were symmetrical, the
median axis of the femoral shaft was perpendicular to the
median sacral crest on both sides and the angle between
the Y line and the longitudinal axis of the femoral neck
was the anteversion angle [10].)

T —_— . .
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Fig. 2 Intraoperative application of the osteotomy navigation templates in children with left developmental dysplasia of the hip (female patient,
5.5 years old, Tonnis type Ill). a Preoperative surgical planning in 3-Matic software. b Comparison of preoperative and postoperative CT scan
three-dimensional reconstruction in 3-Matic software. ¢ Both lower limbs are unequal, with the left shorter than the right. d Kirschner wires
placement assisted by the positioning guide. e The distal Kirschner wires were properly inserted with the assistance of the connecting guide
plate. f Implantation of the oblique osteotomy guide plate under the guidance of the distal Kirschner wires. The angle tilted cephalad to the

osteotomy guide is the angle of varus of the proximal femur, and the first osteotomy was conducted by the swing saw with the aid of the guide.

g The transverse osteotomy guide plate was placed under the guidance of distal Kirschner wires. The osteotomy surface of the guide plate was
perpendicular to the femur, and the second osteotomy was conducted by the swing saw with the aid of the guide plate. The angle between the
two osteotomy surfaces is the proximal femoral varus angle, and the length of the lateral femoral cortex between the two osteotomy surfaces is the
additional shortening distance of the femur. h Trapezoidal bone block cutoff with the assistance of the guide plates. i LCP-PHP fixation of the distal
and proximal femur. j C-arm fluoroscopy showed the plate was well-positioned and the anticipated orthopedic result was achieved
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Observational indicators

As intraoperative assessment indicators, operation
time (total), operation time (femoral side), X-ray fluor-
oscopy times (total), X-ray fluoroscopy times (femoral
side) and intraoperative blood loss were all employed.
As postoperative evaluation indicators, postoperative
neck-shaft angle, postoperative anteversion angle, hos-
pitalization time and hospitalization expenses were all
used. The clinical examination was carried out under
McKay clinical criteria at the most recent follow-
up. The evaluation content of McKay clinical criteria
includes the stable state, pain, limp, range of motion
and Trendelenburg sign of hip joint, which is divided
into four grades: excellent, good, medium and poor
[11]. All measurements are taken by the same observer
to minimize measurement error.

Statistical analysis

For the statistical evaluation of clinical data, the SPSS
26.0 software (IBM Corp, Armonk, NY, USA) was
employed. The measurement data were presented as
the mean # SD. The outcomes of the data normality test
were used in the intergroup comparison of measure-
ment data. An independent-sample t-test was applied
if the data followed a normal or roughly normal distri-
bution; otherwise, a nonparametric rank sum test was
applied. Chi-square test, corrected Chi-square test, or
Fisher’s precision probability test are all used to express
count data as a rate. The difference was shown to be
statistically significant at P < 0.05.
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Results

All 36 patients underwent open reduction, Salter pelvic
osteotomy combined with proximal femoral derotation,
and varus/shortening osteotomy satisfactorily. The sur-
gical incisions healed in the first stage. Both the femoral
osteotomy and pelvic bone graft sites recovered. During
the follow-up period, no problems such as femoral head
avascular necrosis, joint stiffness, or redislocation were
discovered.

Preoperative neck-shaft angle (P=0.429), preopera-
tive anteversion (P=0.266), follow-up time (P=0.152),
gender (P=0.613), side (P=0.731), Tonnis classification
(P=0.650) and age (P=0.538) were not significantly dif-
ferent between the two groups (Table 1).

The results of the comparison of intraoperative obser-
vation indexes between the two groups were as follows:
the operation time (total) of the guide plate group was
shorter than that of the conventional group, 2.12+0.13 h
in the guide plate group and 2.69+0.10 h in the conven-
tional group, with a statistically significant difference
between the two groups (t= —14.605, P<0.001). The
operation time (femoral side) was shorter in the guide
plate group than in the conventional group, 0.39+0.08 h
in the guide plate group and 0.701+0.08 h in the con-
ventional group, with a statistically significant differ-
ence between the two groups (1= —11.635, P<0.001).
The X-ray fluoroscopy times (total) in the guide plate
group were less than those in the conventional group,
4.50£1.03 times in the guide plate group and 8.70 £1.03
times in the conventional group, and the difference
between the two groups was statistically significant
(t=—12.136, P<0.001). The X-ray fluoroscopy times

Table 1 Comparison of general demographic data and preoperative malformation between the guide plate group and the

conventional group

General situation Guide plate group (n=16) Conventional group (n=20) Statistics P value
Age, years 438+091 458+098 t=—0623 0.538
Gender, n (%) * 0613
Male 1(6.25) 3(15.00)

Female 15(93.75) 17 (85.00)

Side, n (%) * 0.731
Left 11 (68.75) 12 (60.00)

Right 5(31.25) 8 (40.00)

Tonnis classification, * 0.650
n (%)

Il 4 (25.00) 4 (20.00)

Il 10 (62.50) 15 (75.00)

vV 2(12.50) 1 (5.00)

Preoperative neck-shaft angle, 146.49+4.85 147.68+4.04 t=—0.801 0429
Preoperative anteversion angle, ° 45264425 4697 +£4.66 t=—1.132 0.266
Follow-up time, years 251+038 2.70+£0.40 t=—1464 0.152

*Fisher’s precision probability test
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(femoral side) in the guide plate group were less than
those in the conventional group, 2.56 £0.96 times in the
guide plate group and 6.40£0.99 times in the conven-
tional group. The difference between the two groups was
statistically significant (¢= — 11.660, P<0.001). The intra-
operative blood loss of the guide plate group was smaller
than that of the conventional group. The guide plate
group was 301.75+31.61 ml, and the conventional group
was 370.95+35.82 ml. The difference between the two
groups was statistically significant (= —6.063, P<0.001).

There was no significant difference between the guide
plate group and the conventional group in postopera-
tive neck-shaft angle (guide plate group: 121.314+2.27°,
conventional  group:  122.414+194°, ¢= —1.558,
P=0.129), postoperative anteversion angle (guide plate
group: 15.68+0.97°, conventional group: 16.03+0.73°,
t=—1.233, P=0.226), hospitalization time (guide
plate group: 12.25+1.69 days, conventional group:
12.004+2.00 days, t=0.398, P=0.693), hospitaliza-
tion expenses (guide plate group: 28,817.06+ 1645.26
yuan, conventional group: 29,586.75+2038.49 yuan,
t= —1.224, P=0.229). At the last follow-up, the results
of the Mackay clinical evaluation showed that 9 patients
in the guide plate group were excellent, 5 patients were
good, and 2 patients were fair; 9 patients in the conven-
tional group were excellent, 7 patients were good, and
4 patients were fair. There was no significant difference
(P=0.742) between the two groups (Table 2).

Discussion

DDH is a common hip deformity. Open reduction and
pelvic osteotomy are performed to treat this disease, but
often lead to complications such as avascular necrosis of
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the femoral head, redislocation and joint contracture [12,
13]. Clinical studies of combined proximal femoral oste-
otomy have been conducted by several scholars and have
shown that femoral osteotomy significantly reduces the
incidence of these complications [14—16].

However, proximal femoral deformities are usually
complicated. Inadequate preoperative recognition of the
deformity or inappropriate osteotomy can lead to com-
plications such as non-union of the osteotomized seg-
ment, changes in the eccentric distance of the femur and
postoperative redislocation [17]. Traditional surgical pro-
cedures are challenging, and the technical requirements
are high, for the osteotomy of complicated bone abnor-
malities or complex bone anatomical features. Accord-
ing to experience, the surgeon can typically only make
basic preoperative measurements and execute intraop-
erative osteotomies. Guaranteeing the osteotomy effect
is not only arduous and time-consuming but also chal-
lenging [18, 19]. In a follow-up study of 55 children with
DDH who presented with postoperative redislocation,
Tang Chenglin et al. found that 13 cases were caused by
the failure to correct the femoral deformity as expected
[20]. A femoral varus osteotomy will reduce the femur’s
length. Both lower limbs may not be the same length in
older patients because they have weaker adjustment abili-
ties than younger patients. According to a study by Umer
et al. [21], patients younger than 5 to 6 years old had bet-
ter clinical results than older patients. This is also the
most common complication of femoral shortening oste-
otomy. The long-term existence of unequal lower limbs
will cause abnormal gait in patients, which will further
lead to adverse consequences such as pelvic tilt, scoliosis
and low back pain [22].

Table 2 Comparison of surgical, postoperative and clinical evaluation data between the guide plate group and the conventional

group
Observation indicators Guide plate group (n=16) Conventional group (n=20) Statistics P value
Operation time (total), hours 2124013 2.6940.10 t= —14.605 <0.001
Operation time (femoral side), hours 0.39+£0.08 0.70£0.08 t=—11.635 <0.001
X-ray fluoroscopy times (total), times 45041.03 8704+1.03 t=—12136 <0.001
X-ray fluoroscopy times (femoral side), times 2.56+£0.96 6.40+£0.99 t=—11.660 <0.001
Intraoperative blood loss, ml 301.754+31.61 370.95435.82 t=—6.063 <0.001
Postoperative neck-shaft angle, ° 121.31£227 122414194 t=—1558 0.129
Postoperative anteversion angle, © 15684+0.97 16.03+0.73 t=—1233 0.226
Hospitalization time, days 12.25+1.69 12.00+£2.00 t=0.398 0.693
Hospitalization expenses, yuan 28,817.06 + 1645.26 29,586.75+2038.49 (=—1224 0.229
Mackay clinical evaluation, n (%) * 0.742

Excellent 9 (56.25) 9 (45.00)

Good 5(31.25) 7 (35.00)

Fair 2(12.50) 4(20.00)

" Fisher's precision probability test
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The outcome of an osteotomy is influenced by the
patient’s quality of life and even their prognosis. Because
of the complexity of the lower limb structure, various
planes and dimensions are frequently affected by the
malformation. Surgery relies on the surgeon’s subjective
judgment, which can easily result in intraoperative oste-
otomy angle, placement and direction decision-making
errors that compromise the precision and safety of the
procedure. The maximum benefit can only be ensured by
thoroughly understanding the deformity’s features, con-
ducting thorough preoperative planning, and carrying
out the operation following the anticipated plan. Clinical
orthopedics faces a significant issue in figuring out how
to implement osteotomy with precision, individualization
and standardization.

Computer-assisted design has become a significant
component of digital medicine because of the advance-
ment of computer technology. We can review CT data on
a personal computer and reconstruct it in various win-
dows and perspectives with the aid of computer-assisted
design technologies. Realize the measurement of length
and angle in three dimensions; plan and simulate surgery
before the procedure; build an internal plant and an oste-
otomy guide plate, among other things. The advancement
of this technology in orthopedics allows the surgeon to
create individualized and accurate osteotomy plans and
perform three-dimensional reconstruction, accurate
measurement, and simulated surgery on the patient’s
skeletal lesion site [23]. With the aid of 3D printed tech-
nology, the CT scan data enable the actual model to be
made and the physical model created is extremely accu-
rate [24, 25]. 3D printing offers a novel technique and
concept for individualized, accurate and standardized
orthopedic therapy [26-28].

The design and 3D printing of osteotomy guide plates
are beneficial for carrying out the established procedure
accurately, conveniently, and with the least amount of
intrusion possible. The traditional orthopedic osteot-
omy procedure is challenging. It is frequently only fin-
ished by senior doctors, even in big tertiary hospitals.
The learning curve for this kind of surgery is too high
for junior doctors with limited training. In comparison
with conventional surgery, the use of osteotomy guide
plates improves surgical outcomes while also lowering
the operating threshold, making orthopedic osteotomy
easier for junior surgeons to learn and use. The steps of
the procedure can be made simpler, and the procedure
time reduced by using the 3D-printed osteotomy guide
plates. Honigmann et al. performed guide plates and con-
ventional osteotomy in patients with wedge osteotomy of
distal radius. The average operation time was 60 min in
the 3D printing group compared to 90 min in the con-
ventional group [29]. Our study found that 3D-printed
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guides significantly reduced operative time, decreased
bleeding and lowered radiation exposure, but there was
no statistically significant difference between the two
groups in terms of postoperative measurements and eval-
uation at follow-up. This result may be due to the small
sample size of the study, and we will next observe this
result in a large-scale randomized controlled trial.

3D printing technology has a lower barrier to applica-
tion compared to other new orthopedic technologies.
The CT image data required for the design of the guide
plates are available at all levels of hospital. Even in remote
areas and primary care institutions, the design and
printing of surgical guides can be commissioned from
third-party companies to assist in traditionally difficult
orthopedic operations, which not only benefits patients,
but also helps to equalize medical resources and condi-
tions. A novel approach to performing osteotomies is
offered by computer-aided design, and 3D-printed oste-
otomy guide plates have a lot of application prospects.

Although the advantages of the application of the guide
plates have been recognized by clinical practice, the
number of large hospitals where this technology is widely
available is also in the minority. The reasons for this are
the lack of awareness of the technology among doctors,
the lack of policies and the increase in medical costs.
Brief clinical surveys have shown that even though 3D
printing technology has been proven, most surgeons do
not have a proper understanding of it. Some senior sur-
geons believe that they are too skilled to use other tools
to demonstrate their profound surgical skills; some young
surgeons consider this technology so advanced that it
cannot be applied casually; and only a few surgeons who
truly understand 3D printing have made this technol-
ogy their right-hand man and promoted the develop-
ment of this technology. Therefore, there is a great need
to strengthen the popularization of 3D printing technol-
ogy and unravel its mystery with the help of successful
clinical cases, so that it can actually provide convenience
for clinical practice. China identified 3D printing tech-
nology as an emerging strategic industry in 2013 and
introduced several supporting policies to provide policy
assurance for the application of 3D printing technology
in clinical practice. Unfortunately, the corresponding
medical service charges and medical insurance payment
standards are extremely irregular. Only some provinces
in the country have announced the fees for 3D print-
ing medical services, but the specific names of the fees
set by these provinces and the scope of implementation
vary greatly and are not complete; many provinces lack
corresponding fees. We believe that with the support of
national policies and through the preliminary exploration
of some provinces, the formulation of relevant policies
and fee standards will become more and more perfect
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and unified. In our study, the design and printing of the
guides took approximately 10 h. Although our study did
not provide a clear figure for the cost, we roughly arrived
at a price of approximately RMB 2,500 (approximately
US$360) for the guides needed in our study, based on our
calculations of labor, time and printing. The difference
of hospitalization expenses between the two groups in
our study was not statistically significant, since the guide
plates were not designed and used at the correspond-
ing cost to the patients. However, there was a significant
advantage in the guide plate group in terms of shorter
operative time and reduced bleeding, patients had less to
spend on anesthesia, blood transfusions, C-arm photog-
raphy, etc. Patients in the guide plate group had slightly
lower costs than those in the conventional group, and by
reducing the number of C-arms taken the patients had
less exposure to radiation of medical origin, which would
also benefit the patients. As national policies improve
and 3D printing technology and equipment become
more widespread, we believe that the cost of the guides
will certainly drop significantly soon. In the meantime,
we are working on developing an intelligent design and
printing software for the guides, which will facilitate the
promotion of this technology and reduce the cost.
Orthopedic surgeons attach great significance to the
restoration of the lower limb alignment in the manage-
ment of knee deformities and total knee arthroplasty,
as it is essential for improving patients’ symptoms and
achieving surgical outcome. However, few reports have
been published on preoperative and postoperative lower
limb alignment changes in children with DDH, particu-
larly in children in subluxation and complete dislocation,
where the lower limb alignment is significantly shifted.
The lower limb alignment also changes with the position
of the femoral head after proximal femoral varus, which
theoretically shifts the alignment inward. The LCP-PHP
is used to fix the distal and proximal femur after oste-
otomy. It allows for a certain distance of outward move-
ment of the proximal femur for force line recovery, as
shown in Fig. 3, with two parallel lines a and b parallel to
the femoral shaft at points A and B. The distance between
the parallel lines a and b is the maximum distance of out-
ward movement of the proximal femur. However, the
distance that the proximal femur needs to be moved is
different for children of different heights and different
angles of proximal varus. The LCP-PHP is manufactured
by the instrumentation company and cannot be used for
personalized fixation. Theoretically, the distance of out-
ward movement of the plate may be too large or too small
for some patients. At the same time, the proximal plate is
parallel to the femoral shaft. When the proximal femur
is inwardly turned the proximal femoral cortex forms an
angle with the proximal LCP-PHP and does not adhere
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Fig. 3 The distance between parallel lines a and b is the outward
movement distance of the proximal femur after varus reserved by
LCP-PHP (120°). Point A is the intersection of the proximal plate and
the connecting part. Point B is the intersection of the distal plate and
the connecting part. Parallel lines a and b are straight lines parallel to
the femoral shaft through point A and point B respectively

well to the plate (Fig. 4). Tightening the plate proximal
locking screw can easily pull the proximal femoral cortex
toward the plate, which results in the loss of the required
angle of varus for correction. Therefore, the same size of
LCP-PHP currently used still has some shortcomings for
clinical application. We will be investigating this issue
with the aim of designing a customized and individual-
ized plate and further validating its clinical value.
However, there are several shortcomings and problems
in our study that still need to be resolved. (1) The follow-
up period is brief; as avascular necrosis of the femoral
head following surgery may not emerge for several years,
the experimental results cannot accurately reflect the
problems and long-term operation effects of the guide
plate group and the conventional group. (2) Only the
femoral side of the guide plate application is used in chil-
dren who have improved postoperative hip function; the
pelvic osteotomy effect is also important to note. The sur-
geon in this therapy group has extensive clinical exper-
tise and has executed almost 100 pelvic osteotomies. The
findings of this study also imply that there is no appre-
ciable distinction between the conventional group and
the guide plate group in terms of how femoral osteotomy
affects them. Even vyet, it is possible to underestimate the
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Fig. 4 After fixation of the PHP-LCP, without displacement of the
proximal femur, an angle is formed between the proximal plate and
the proximal femoral cortex and where they do not adhere well
together

guide plate’s application effect, and the use of the oste-
otomy guide plate during femoral and pelvic osteotomies
may have distinct clinical outcomes. (3) Since the study
was retrospective in nature, the reliability of the data is
not as strong as it would be in a randomized controlled
trial. For further confirmation, a large sample or multi-
center randomized controlled trial is required.

Conclusions

This study showed that 3D-printed osteotomy guide
plates supporting proximal femoral osteotomy in chil-
dren with DDH have the benefits of an uncomplicated
operation, decreased operation time, reduced blood loss
and intraoperative radiation exposure, and high clinical
application value. The development of the 3D-printed
guide plates and the advantages of its intraoperative use
are comparable across all types and levels of difficulty,
despite the reality that we only reviewed one orthope-
dic operation. Therefore, computer-aided design and
3D-printed technologies have broad therapeutic applica-
tions and can be used for other challenging surgeries.

Abbreviation
DDH Developmental dysplasia of the hip

Acknowledgements
We thank our colleagues Junhong Zhan, Xingbang Zhu, Yuanyuan Li,
Yuanyuan Deng, and Rui Li for their contributions to our research.

Page 9 of 10

Author contributions

JS provided research ideas, data collection, analysis, literature research, and
manuscript writing. YLM did data collection, statistical analysis, some involved
in manuscript writing. YC done research method guidance and manuscript
revision. JQ was involved in research object screening and research process
guidance. FL contributed to research guidance and manuscript revision and
final approval. All authors read and approved the final manuscript.

Funding

The work was supported by grants from Clinical research of children’s proximal
femur ‘split’ 3D-printed osteotomy guide plates. (The Fourth Affiliated Hospital
of Harbin Medical University science and technology innovation talent
project; Project Number: HYDSYCXRC202131) and Experimental study on
proximal femoral PSI of split DDH in children. (Heilongjiang Medical Develop-
ment Foundation; Project number: 001).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was granted by the Medical Ethics Review Com-
mittee of the Fourth Affiliated Hospital of Harbin Medical University (Approval
1D:2023-YXLLSC-02). All methods were carried out in accordance with relevant
guidelines and regulations. Informed consent was obtained in writing from all
the individual participants included in the study.

Consent for publication
Written informed consent was obtained from all patients for publication of
this study and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Received: 20 January 2023 Accepted: 14 April 2023
Published online: 24 April 2023

References

1. Swarup |, Penny CL, Dodwell ER. Developmental dysplasia of the hip: an
update on diagnosis and management from birth to 6 months. Curr Opin
Pediatr. 2018;30(1):84-92.

2. YangS, Zusman N, Lieberman E, Goldstein RY. Developmental dysplasia
of the hip. Pediatrics. 2019. https://doi.org/10.1542/peds.2018-1147.

3. ArtiH, Mehdinasab SA, Arti S. Comparing results of clinical versus ultra-
sonographic examination in developmental dysplasia of hip. J Res Med
Sci. 2013;18(12):1051-5.

4. Lalonde FD, Frick SL, Wenger DR. Surgical correction of residual
hip dysplasia in two pediatric age-groups. J Bone Joint Surg Am.
2002;84(7):1148-56.

5. LiuY,YangY, Ding S. Application of 3D navigation for osteotomy of
DDH in children: a systematic review and meta-analysis. Front Pediatr.
2022;10:1021981.

6. Gallien R, Bertin D, Lirette R. Salter procedure in congenital dislocation of
the hip. J Pediatr Orthop. 1984;4(4):427-30.

7. Skelley NW, Smith MJ, Ma R, Cook JL. Three-dimensional printing technol-
ogy in orthopaedics. J Am Acad Orthop Surg. 2019;27(24):918-25.

8. Auricchio F, Marconi S. 3D printing: clinical applications in orthopaedics
and traumatology. EFORT Open Rev. 2016;1(5):121-7.

9. SunJ, CuiY,QuJ, Lian F. Mathematical calculation of the difference in
shortening length after two types of proximal femoral varus and an
investigation of their applicable conditions: an own-pair design. J Orthop
Surg Res. 2022;17(1):563.

10. Yang JL, Xiao XJ, Peng CH, Xi-Bing WU, Zhou QJ, Wang YS, et al. Com-
parison between single X-ray film and CT in measuring femoral neck


https://doi.org/10.1542/peds.2018-1147

Sun et al. Journal of Orthopaedic Surgery and Research

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2023) 18:315

anteversion angle. Chin J Orthop Trauma. 2004;6(12):1356-61 ((in
Chinese)).

. McKay DW. A comparison of the innominate and the pericapsular oste-

otomy in the treatment of congenital dislocation of the hip. Clin Orthop
Relat Res. 1974,98:124-32.

Doudoulakis JK, Cavadias A. Open reduction of CDH before one year

of age: 69 hips followed for 13 (10-19) years. Acta Orthop Scand.
1993,64(2):188-92.

Koizumi W, Moriya H, Tsuchiya K, Takeuchi T, Kamegaya M, Akita T. Lud-
loff's medial approach for open reduction of congenital dislocation of the
hip. A 20-year follow-up. J Bone Joint Surg Br Vol. 1996;78(6):924-9.

Klisic P, Jankovic L. Combined procedure of open reduction and shorten-
ing of the femur in treatment of congenital dislocation of the hipsin
older children. Clin Orthop Relat Res. 1976;119:60-9.

Ohsako H, Sakou T, Matsunaga S. Open reduction and varus-detorsion
osteotomy with femoral shortening in treatment of congenital disloca-
tion of the hip. J Orthop Sci. 1998;3(6):304-9.

Tezeren G, Tukenmez M, Bulut O, Percin S, Cekin T. The surgical treatment
of developmental dislocation of the hip in older children: a comparative
study. Acta Orthop Belg. 2005;71(6):678-85.

Forlin E, Munhoz da Cunha LA, Figueiredo DC. Treatment of develop-
mental dysplasia of the hip after walking age with open reduction,
femoral shortening, and acetabular osteotomy. Orthop Clin N Am.
2006;37(2):149-60.

Jeong HS, Park KJ, Kil KM, Chong S, Eun HJ, Lee TS, et al. Minimally inva-
sive plate osteosynthesis using 3D printing for shaft fractures of clavicles:
technical note. Arch Orthop Trauma Surg. 2014;134(11):1551-5.

Dobbe JG, Vroemen JC, Strackee SD, Streekstra GJ. Patient-specific distal
radius locking plate for fixation and accurate 3D positioning in corrective
osteotomy. Strateg Trauma Limb Reconstr. 2014;9(3):179-83.

Chenglin T, Xiaoyang R, Danzhou S. Analysis and treatment of the
redislocation after operations for congenital dislocation of hip in children.
Orthop J China. 1998;5(04):295-6 ((in Chinese)).

Umer M, Nawaz H, Kasi PM, Ahmed M, Ali SS. Outcome of triple proce-
dure in older children with developmental dysplasia of hip (DDH). J Pak
Med Assoc. 2007;57(12):591-5.

Herring JA. Tachdjian’s Pediatric Orthopaedics: From the Texas Scottish
Rite Hospital for Children E-Book. 6th ed. Amsterdam: Elsevier Health Sci-
ences; 2020.

Yang P, Du D, Zhou Z, Lu N, Fu Q, Ma J, et al. 3D printing-assisted oste-
otomy treatment for the malunion of lateral tibial plateau fracture. Injury.
2016;47(12):2816-21.

Lupulescu C, Sun Z. A systematic review of the clinical value and applica-
tions of three-dimensional printing in renal surgery. J Clin Med. 2019.
https://doi.org/10.3390/jcm8070990.

Wu AM, Wang K, Wang JS, Chen CH, Yang XD, Ni WF, et al. The addition

of 3D printed models to enhance the teaching and learning of bone
spatial anatomy and fractures for undergraduate students: a randomized
controlled study. Ann Transl Med. 2018;6(20):403.

Hao W, Zheng Z, Zhu L, Pang L, Ma J, Zhu S, et al. 3D printing-based
drug-loaded implanted prosthesis to prevent breast cancer recurrence
post-conserving surgery. Asian J Pharm Sci. 2021;16(1):86-96.

Huang X, Fan N, Wang HJ, Zhou Y, Li X, Jiang XB. Application of 3D printed
model for planning the endoscopic endonasal transsphenoidal surgery.
SciRep. 2021;11(1):5333.

Martelli N, Serrano C, van den Brink H, Pineau J, Prognon P, Borget |, et al.
Advantages and disadvantages of 3-dimensional printing in surgery: a
systematic review. Surgery. 2016;159(6):1485-500.

Honigmann P, Thieringer F, Steiger R, Haefeli M, Schumacher R, Henning
J. A simple 3-dimensional printed aid for a corrective palmar opening
wedge osteotomy of the distal radius. J Hand Surg. 2016;41(3):464-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3390/jcm8070990

	Application of 3D-printed osteotomy guide plates in proximal femoral osteotomy for DDH in children: a retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Clinical data
	Methods
	Creation of the surgical guide plates
	Operative procedure
	Anesthesia, surgical exposure and Salter pelvic osteotomy
	Proximal femoral varus, derotationshortening osteotomy
	Observational indicators

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


