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In patients with Crowe III developmental dysplasia of the hip (DDH), surgery presents challenges 
such as severe bone defects and inadequate acetabular cup coverage. This study compares the 
clinical efficacy of 3D-printed personalized Augments prostheses with conventional femoral head 
reshaping and structural bone grafting in total hip arthroplasty (THA) for patients with Crowe III DDH. 
A retrospective analysis was conducted on 52 Crowe III patients. The 3D group (26 cases) used 3D 
printing technology combined with computer simulation to design personalized Augments prostheses. 
Preoperative models were printed to simulate the surgical procedure, and high-porosity porous 
structured Augments prostheses and acetabular cup layers were printed using titanium alloy powder. 
The non-3D group (26 cases) underwent traditional femoral head reshaping and structural bone 
grafting. The study compared the differences in lower limb length, the horizontal and vertical distances 
of the hip joint rotation center from the teardrop line, acetabular cup abduction angle, acetabular 
cup coverage, operation time, intraoperative blood loss, postoperative time to mobilization, time 
to hospital discharge, Harris hip scores during follow-up, and complications between the two 
groups. In the 3D group compared to the non-3D group, intraoperative blood loss (261.92 ± 14.70 
vs. 313.85 ± 20.02 ml, P < 0.05), time to mobilization (1.27 ± 0.45 vs. 4.85 ± 1.05 days, P < 0.05), and 
time to discharge (2.77 ± 0.65 vs. 5.85 ± 0.92 days, P < 0.05) were significantly lower, as was the limb 
length discrepancy on the first postoperative day (0.25 ± 0.21 cm vs. 0.48 ± 0.28 cm, P < 0.05). The 
acetabular cup coverage rates on the first postoperative day and at 3 months postoperatively (1 ± 0.00 
vs. 0.93 ± 0.07; 1 ± 0.00 vs. 0.83 ± 0.11, P < 0.05) were significantly higher in the 3D group. The Harris 
hip scores at 3, 6, and 12 months postoperatively were also higher in the 3D group than in the non-3D 
group, with statistically significant differences (P < 0.05). The application of 3D-printed personalized 
augment prostheses in total hip arthroplasty provides a relatively feasible treatment option for 
patients with Crowe type III DDH. This approach contributes to personalized treatment and shows 
potential in improving surgical accuracy and certain treatment outcomes.
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Developmental dysplasia of the hip (DDH) patients typically present with hip joint dysplasia, limb shortening, 
and gait abnormalities, which are significant contributors to secondary osteoarthritis of the adult hip joint, 
leading to severe joint dysfunction1. Research indicates that total hip arthroplasty (THA) is effective in treating 
adult DDH. However, it is a challenging procedure, demanding high technical proficiency from physicians in 
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THA techniques2,3. In Crowe type III DDH cases, the degree of femoral head dislocation exceeds 75%, with 
a shallow acetabulum unable to contain the femoral head. Long-term biomechanical abnormalities lead to 
progressive femoral head dislocation, cartilage degeneration, femoral head necrosis, and severe osteoarthritis4. 
For such patients, acetabular reconstruction is crucial for surgical success, aiming to restore the normal rotation 
center while ensuring the initial stability of the prosthesis5. Traditional bone grafting combined with total hip 
arthroplasty struggles to locate the position of the rotation center and address acetabular stability and coverage 
issues, potentially resulting in surgical failure and complications6–8. In recent years, the combination of 3D 
printing technology and three-dimensional simulation has garnered attention to address these challenges9,10.

This study integrates the aforementioned technologies to conduct personalized simulations and customize 
individualized Augments prostheses for patients. Using computer-aided design, the optimal acetabular cup 
placement and cup size are determined based on the patient’s hip joint anatomy. Bone defects are assessed, and 
Augments prostheses tailored to the patient’s individual condition are designed. High-porosity titanium alloy 
porous structures are 3D printed, providing high initial stability and facilitating rapid bone integration, thereby 
enhancing the precision and success rate of the surgery.

This article aims to explore the clinical efficacy of integrating 3D printing technology with personalized 
Augments prostheses and acetabular prostheses compared to autologous femoral head structural bone grafting 
and traditional acetabular prostheses in THA for treating patients with Crowe type III DDH. It analyzes the 
therapeutic outcomes and safety of both surgical techniques. We hope that this research will provide more 
clinical evidence for this innovative treatment approach, bringing new breakthroughs and hope for the treatment 
of Crowe Type III DDH patients, and advancing the innovative development of 3D printing combined with 
personalized customization technology.

Materials and methods
General information
A retrospective case analysis was conducted, involving 70 patients with DDH who were admitted to the 
Department of Orthopedics at Shenyang Medical College Affiliated Central Hospital from March 2017 to June 
2020. All patients were clinically diagnosed with and confirmed to have Type III DDH. Ultimately, 52 patients 
meeting the inclusion criteria were included in the study.

The group treated with individualized Augments prostheses and acetabular prostheses using 3D printing 
is referred to as the “3D group” (26 cases), while the group treated with autologous femoral head structural 
bone grafting and traditional acetabular prostheses is referred to as the “Non-3D group” (26 cases). Please 
refer to Fig. 1 for the study flowchart. All patients exhibited positive signs of the “4” sign and Trendelenburg 
sign, accompanied by significant limping gait and notable hip joint pain on the affected side, with incomplete 
dislocation of the femoral head.

The study obtained approval from the relevant medical ethics department at Shenyang Medical College 
Affiliated Central Hospital. All patients were informed about the study and provided voluntary consent to 
participate by signing an informed consent form.

Inclusion criteria
(1) Patients with Crowe Type III DDH presenting with hip joint pain accompanied by limping gait and poor 
response to various conservative treatments; (2) Patients undergoing primary unilateral hip joint replacement; 
(3) Absence of coagulation dysfunction and other high-risk bleeding factors before surgery; (4) Presence of 

Fig. 1.  Study Flowchart.
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acetabular bone defects, managed intraoperatively with customized Augments prostheses or conventional 
autologous femoral head structural bone grafting.

Exclusion criteria
(1) Patients with severe liver or kidney dysfunction, cerebrovascular accidents, or other contraindications for 
THA; (2) Patients with bilateral DDH.

Preoperative patient Preparation and management
Comprehensive preoperative examinations were conducted for all patients. Bilateral hip joint anteroposterior 
X-ray, bilateral full-length lower limb anteroposterior and lateral X-ray images were obtained (using the digital 
radiography (DR) system from Philips in the Netherlands). Additionally, bilateral hip joint CT scans with 3D 
reconstruction were performed (using the 256-slice spiral CT scanner from Philips in the Netherlands, with 
a scanning layer thickness of 0.6 mm). Measurements included assessment of lower limb length discrepancy, 
distance from the femoral head rotation center to the teardrop horizontal and vertical distances (following 
the method described by Russotti et al.11), evaluation of acetabular wall thickness, acetabular bone mass, and 
proximal femoral canal narrowing.

For the 3D group, CT data were used for virtual simulation, calculation, design, 3D model printing, and 
customization of individualized Augments prostheses.

Customization of individualized augments prostheses
The CT imaging data of bilateral hip joints of the patient (Fig. 2A) were imported into Mimics 20.0 software 
(Materialise, Belgium) workstation in DICOM format for three-dimensional modeling (Fig.  2B). Through a 
collaborative effort between engineers and surgical physicians, the true acetabular position and acetabular 
cup model for the prosthesis were calculated (Fig. 3A). Parameters such as bone defect shape, size, etc., were 
measured, and the model of the Augments prosthesis was designed, followed by determining the placement 
position of the Augments prosthesis (Fig. 3B and C) and selecting the femoral prosthesis model (Fig. 3D).

Subsequently, the data from three-dimensional modeling and virtual design were exported in STL format 
and imported into FlashPrint 5 software (FlashForge Technology, China). The 3D models of the original hip 
joint, the hip joint after virtual design, and the Augments prosthesis were printed using PLA (polylactic acid) as 
the printing material (Fig. 4) to conduct preoperative simulation and demonstrate the surgery.

Engineers utilize the EBM Q10 plus software (Acram AB, Sweden) to print personalized trabecular bone 
Augments designed with Ti-6 Al-4 V as the raw material (Fig. 5A and B). The acetabular prosthesis (Fig. 5C 

Fig. 3.  Design and Positioning of Acetabular and Augments Prostheses, and Determination of Femoral 
Implant Size. (A): Original acetabular positioning and model simulation for the patient. (B): Assessment of 
bone defect and simulation of personalized Augments prosthesis. (C): Simulation positioning of acetabular and 
Augments prostheses in coronal, transverse, and sagittal planes. (D): Measurement of femoral medullary canal 
thickness for determination of femoral implant size.

 

Fig. 2.  Patient Imaging Data and Three-Dimensional Simulation. (A): Patient CT Imaging Data. (B): Patient 
Imaging Data Computer Three-Dimensional Simulation.
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and D) used in surgery is also a 3D-printed trabecular bone structure. Detailed inspection and sterilization are 
required.

The personalized Augments prostheses printed need to be sent to a specialized quality inspection department 
for assessment, including strength, compression resistance, tensile strength, and fatigue resistance, among other 
aspects. Only Augments prostheses that pass the quality inspection can be put into use.

Surgical procedure and brief process for the 3D group
All surgeries in this study were performed by the same team, led by a senior surgeon with extensive experience 
in hip replacement, to ensure consistency in surgical technique.

After the anesthesia takes effect, the patient is positioned on the lateral side (Fig. 6A). A posterior lateral 
approach is utilized, and layer-by-layer dissection is performed. The external rotator muscle group is severed 
at the greater trochanter, and the joint capsule is detached. The hip joint is dislocated, and the femoral neck is 
cut approximately 1.5 cm above the lesser trochanter to remove the femoral head. Utilizing three-dimensional 
modeling and 3D models, the original acetabulum is identified along the inferior and inner aspect of the 
dislocated femoral head, and progressive clearing, excision of the acetabular labrum, and removal of proliferative 
tissue are performed. The acetabulum is reamed at the predetermined position and direction, and a new 
acetabulum is created at the true acetabular position (Fig. 6B). After achieving the design effect, a trial reduction 
of the acetabular prosthesis is performed. Following this, the original acetabulum is reamed at the site of bone 
defect above the true acetabulum according to the designed position, direction, and acetabular reaming size 

Fig. 6.  Intraoperative images and postoperative X-rays of a patient from the 3D group. (A): Patient positioning 
and incision marking. (B): Intraoperative reconstruction of the positioning of acetabular and Augments 
prostheses based on three-dimensional modeling and 3D models. (C): Intraoperative installation effect of 
Augments prostheses, acetabular prostheses, and acetabular liners. (D): Postoperative first-day bilateral hip 
anteroposterior X-ray images of the patient.

 

Fig. 5.  The Augments prostheses and acetabular prostheses used by the patients. (A)、 (B): 3D Printed Bone 
Trabecular Augments Prostheses. (C): 3D Printed Bone Trabecular Acetabular Prosthesis. (D): The inner 
surface of the acetabular prosthesis.

 

Fig. 4.  Patient 3D Printing Models. (A): Original hip joint model of the patient. (B): Simulation design 
model of acetabulum and Augments prosthesis. (C): Model of acetabular prosthesis placement. (D): Model of 
assembly of acetabular prosthesis and Augments prosthesis.
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(Fig. 6B). Then, the Augments prosthesis trial is inserted. Subsequently, the individualized Augments prosthesis 
is installed and secured with screws. Bone cement is applied appropriately at the interface between the Augments 
prosthesis and the acetabular prosthesis before inserting the acetabular prosthesis and securing it with screws 
(Fig. 6C). After placing the femoral side prosthesis, the hip joint is reduced. During reduction, stability, range of 
motion, tension of the sciatic nerve, and blood vessel tension are checked. If tension is significant, the soft tissues 
around the hip joint are moderately released. The incision is closed layer by layer.

Postoperative management
Routine measures are taken to prevent infection and anticoagulation is administered postoperatively. The 
affected limb is maintained in neutral abduction and extension position after surgery. On the first postoperative 
day, follow-up X-rays of both hips in the anteroposterior and lateral views, along with full-length anteroposterior 
and lateral views of both lower limbs are obtained (Fig. 6D). Passive and active exercises are initiated for the 
affected limb to improve quadriceps muscle strength and prevent joint dislocation. For the 3D group, standing 
and walking with assistance may be initiated on the first postoperative day after the follow-up examination. For 
the Non-3D group, crutch-assisted ambulation is recommended for the first week postoperatively, followed by 
full weight-bearing at 4–8 weeks after the follow-up examination.

Main observational indicators

	(1)	 Radiological Evaluation: Preoperative and postoperative X-rays were taken on the first day, recording the 
pre- and postoperative differences in leg length between the two groups of patients; comparing the pre- 
and postoperative distances from the femoral head center to the teardrop level and vertically11; comparing 
the acetabular cup anteversion angles between the two groups of patients; comparing the acetabular cup 
coverage rates between the two groups of patients on the first day postoperatively and at 3 months postop-
eratively12.

	(2)	 Surgical Evaluation: Comparing the surgical times between the two groups of patients: from the start of skin 
incision to closure of the surgical incision; intraoperative blood loss: the sum of blood collected by suction 
and absorbed by gauze; time to ambulation after surgery: the time from completion of surgery to the first 
standing from bed by the patient; time to discharge after surgery: the time from surgery completion to the 
patient leaving the hospital.

	(3)	 Functional and Complication Evaluation: Recording the Harris hip function scores before treatment, at 3 
months, 6 months, and 12 months postoperatively; recording complications at 3 months postoperative-
ly. Subsequent annual follow-ups included bilateral hip X-rays to observe for dislocation, infection, nerve 
damage, bone resorption, and implant loosening.

Statistical analysis
Statistical analysis was conducted using SPSS version 27.0 software. Descriptive statistics were employed to 
calculate the means and standard deviations for continuous variables, and frequencies for categorical variables. 
The Shapiro-Wilk test was used to assess normality for continuous variables, while the chi-square test was 
utilized for categorical variables. Quantitative data were analyzed using both independent samples t-tests and 
Mann-Whitney U tests. The level of statistical significance was set at p < 0.05.

Results
Baseline and Follow-up data
Baseline and follow-up data were similar between the two groups of patients, with all between-group comparisons 
having p-values > 0.05. Follow-up was obtained for all 52 included patients through telephone calls, outpatient 
visits, etc. The average follow-up time postoperatively was 25.65 ± 2.97 months for the 3D group and 26.46 ± 3.83 
months for the non-3D group, as detailed in Table 1.

Radiological findings
On the first day postoperatively, both the 3D and non-3D groups showed significant correction of limb length 
discrepancies, with a difference in limb lengths of (0.25 ± 0.21 cm vs. 0.48 ± 0.28 cm, p < 0.05), indicating 
statistically significant differences. All cases exhibited hip joint rotation centers that were close to normal 
postoperatively, with the horizontal distance between rotation centers for the two groups being (3.05 ± 0.23) 
vs. (3.17 ± 0.32) cm and the vertical distance being (2.05 ± 0.19) vs. (2.17 ± 0.23) cm, showing no statistically 
significant differences. The anteversion angles were (45.17 ± 2.38° vs. 44.65 ± 2.10°) for the two groups, with no 

3D Group(n=26) Non-3D group(n=26) P

Age(years) 54.08 ± 6.11 53.81 ± 5.56 0.869

Gender 0.532

Male 6 8

Female 20 18

BMI (kg/m2) 24.57 ± 1.26 23.98 ± 1.38 0.114

Follow-up Time(months) 25.65 ± 2.97 26.46 ± 3.83 0.480

Table 1.  Baseline data and follow-up time of two groups of patients.
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statistically significant differences. The acetabular coverage rates on the first day and at 3 months postoperatively 
((1 ± 0.00 vs. 0.93 ± 0.07; 1 ± 0.00 vs. 0.83 ± 0.11, p < 0.05) respectively) showed statistically significant differences 
between the two groups. See Table 2 for details.

Surgical data evaluation
The surgical time in the two groups was 66.04 ± 4.01 vs. 68.27 ± 3.24 min, with no statistically significant 
difference (P > 0.05).

In both groups, there were statistically significant differences in intraoperative blood loss (261.92 ± 14.70 vs. 
313.85 ± 20.02 ml, p<0.05), time to ambulation after surgery (1.27 ± 0.45 vs. 4.85 ± 1.05 days, p < 0.05), and time 
to discharge after surgery (2.77 ± 0.65 vs. 5.85 ± 0.92 days, p < 0.05). See Table 3 for details.

Functional and complication evaluation
At 3, 6, and 12 months postoperatively, the Harris hip function scores in the 3D group were higher than those 
in the non-3D group, with statistically significant differences observed. There were no statistically significant 
differences in complications at 3 months postoperatively. See Table 4 for details.

Follow-up revealed primary wound healing in all cases. At 3 months postoperatively, both the 3D and 
non-3D groups had 2 cases of mild limping, which resolved after guided functional exercises. In the non-3D 
group, 3 cases of autologous femoral head bone graft resorption were observed. Bone graft resorption has led to 
acetabular bone defects and insufficient coverage. However, the patient currently shows no signs of hip pain or 
acetabular cup loosening but remains at high risk. At the final follow-up, all patients demonstrated good walking 
function, with no occurrences of dislocation, infection, nerve damage, or implant loosening.

Harris Score
3D Group
(n=26)

Non-3D group
(n=26) P

E Baseline 41.50 ± 4.98 42.58 ± 5.38 0.458

E at 3 Months Postoperative 88.58 ± 3.23 80.35 ± 3.30 <0.001

E at 6 Months Postoperative 92.96 ± 2.49 88.42 ± 2.50 <0.001

E at 12 Months Postoperative 95.04 ± 1.82 91.73 ± 2.51 <0.001

Complications (%) 0.416

Present 2(7.7) 5(19.2)

Absent 24(92.3) 21(80.8)

Table 4.  Functional scores and complication situations of two patient groups. E: Harris Score.

 

3D Group
(n=26)

Non-3D group
(n=26) P

Surgical Duration (min) 66.04 ± 4.01 68.27 ± 3.24 0.055

Intraoperative Blood Loss (ml) 261.92 ± 14.70 313.85 ± 20.02 <0.001

Time to Ambulation D (days) 1.27 ± 0.45 4.85 ± 1.05 <0.001

Time to Discharge D (days) 2.77 ± 0.65 5.85 ± 0.92 <0.001

Table 3.  Surgical data evaluation of two patient Groups. D: after Surgery.

 

3D Group
(n=26)

Non-3D group
(n=26) P

Limb Length Discrepancy A (cm) 2.48 ± 0.30 2.41 ± 0.33 0.378

Limb Length Discrepancy B (cm) 0.22 ± 0.22 0.35 ± 0.33 0.040

Horizontal Distance A (cm) 4.87 ± 0.44 4.93 ± 0.43 0.568

Vertical Distance A (cm) 4.55 ± 0.41 4.44 ± 0.42 0.273

Horizontal Distance B (cm) 3.05 ± 0.23 3.17 ± 0.32 0.115

Vertical Distance B (cm) 2.05 ± 0.19 2.17 ± 0.23 0.052

Anteversion Angle B (°) 45.17 ± 2.38 44.65 ± 2.10 0.408

Acetabular Coverage B (%) 100 ± 0.00 93.46 ± 1.46 <0.001

Acetabular Coverage C (%) 100 ± 0.00 83.08 ± 2.06 <0.001

Table 2.  Inter-group radiological findings of two patient groups. A: at Baseline; B: on Postoperative Day 1; C: 
at 3 Months Postoperative.
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Discussion
In early stages, patients with developmental dysplasia of the hip (DDH) exhibit deficient acetabular development, 
resulting in the failure to establish a normal congruent relationship between the femoral head and the 
acetabulum. As individuals age, the abnormal anatomical relationships and stress patterns continue to impact 
the biomechanical environment of the hip joint, ultimately exacerbating different acetabular morphologies and 
femoral head dislocations13. Crowe III DDH patients typically present with significant upward displacement of 
the femoral head (greater than 75%), with load-bearing concentrated in the upper portion of the acetabulum. 
Consequently, acetabular deficiencies are commonly observed at the superior margin, leading to reduced bone 
coverage for prosthetic implants1,4.

In Crowe III DDH patients, acetabular reconstruction is the most crucial and challenging aspect of THA14. 
During acetabular reconstruction, it is imperative to restore normal anatomical mechanics, increase prosthetic 
coverage, and ensure initial stability. Additionally, maintaining appropriate cup anteversion and inclination 
angles is essential to prevent dislocation or loosening3,15. Current methods of acetabular reconstruction include 
autogenous bone grafting to augment the acetabulum, medial wall osteotomy for medialization of the implant 
and intentional high placement of the implant. However, these methods have their limitations, such as non-
union, bone absorption, collapse, high rates of implant cup loosening, reduced range of motion, and inability to 
correct a limping gait15–17.

In contrast, reconstructing the original acetabulum of the hip joint can restore normal anatomical 
relationships, which is crucial for improving abductor muscle function, correcting a limping gait, and ensuring 
long-term survival of the prosthesis18. However, original acetabular reconstruction is challenging due to 
difficulties in positioning, and it still faces severe bone defects after reconstruction. In such cases, combining 
3D printing technology for three-dimensional reconstruction, design, and customization of individualized 
Augments prostheses can effectively address these issues. In our study, all patients underwent reconstruction 
at the original acetabulum of the hip joint with the placement of a Augments prosthesis at the site of acetabular 
bone defects. Both the acetabular cup prosthesis and Augments prosthesis were made of 3D-printed high-
porosity titanium alloy porous structures, providing high initial stability, rapid bone integration, and restoration 
of normal anatomical relationships and coverage of the hip joint prosthesis cup.

3D printing enables three-dimensional reconstruction, calculation, and customization with individualized 
and precise characteristics. Studies have shown that many complications associated with THA in DDH patients 
can be alleviated through careful preoperative planning and surgical techniques3. The use of three-dimensional 
simulation technology allows for a comprehensive assessment of the morphological characteristics of true and 
false acetabula in DDH patients and the calculation of bone defects in the original acetabulum of the hip joint, 
facilitating detailed preoperative planning19. Research by Chen et al.20 demonstrated acceptable accuracy of 3D 
simulation in predicting the dimensions of acetabular components in DDH patients, which can enhance the 
effectiveness of THA and is recommended for DDH cases. Wang et al.21 conducted finite element analysis of 
acetabular cup stability in THA for DDH using metal reinforcement and bone grafting. The study found that 
metal reinforcement interfaces achieved stronger direct fixation.

Modern healthcare is shifting from solely focusing on curing diseases to optimizing treatment strategies and 
improving patient outcomes. In the field of orthopedics, treatment is progressing toward minimally invasive, 
precise, efficient, and individualized approaches. 3D printing technology enables personalized customization 
based on the anatomical characteristics of the patient’s acetabulum, making it particularly suitable for complex 
bone defects such as Crowe type III developmental dysplasia of the hip (DDH). It allows for better anatomical 
matching and improved initial stability, facilitating individualized treatment planning and optimizing the overall 
diagnostic and therapeutic process. Moreover, 3D printing technology is highly consistent with the concept of 
fast-track surgery (FTS), as its porous structure promotes bone integration and preoperative planning enhances 
surgical precision. In this study, the 3D group demonstrated excellent performance in minimizing surgical 
trauma and intraoperative blood loss, as well as accelerating postoperative recovery, highlighting its advantages 
in improving surgical quality and enhancing recovery. This was also the primary reason for our choice to use 
3D-printed implants.

In the early stages of treatment, our team considered designing and printing an integrated implant for the 
management of Crowe III DDH. Although simulations and design evaluations confirmed the technical feasibility 
of printing a single-piece structure, it required extremely high printing precision and surgical expertise, with 
limited intraoperative flexibility. This made it difficult to accommodate subtle variations in bone defects 
encountered during surgery. Moreover, performing both hip replacement and acetabular defect reconstruction 
with a one-piece implant posed significant challenges, such as accurately locating the native acetabulum, 
determining the center of rotation, and assessing bone defects.In contrast, modular 3D-printed augments allow 
for intraoperative adjustment of position and angle based on the patient’s actual bone defect, providing basic 
surgical adaptability and tolerance. Therefore, we ultimately adopted a dual-module design combined with 
intraoperative bone cement fixation, which ensured good initial stability while retaining necessary flexibility 
during the procedure.

In this study, all 52 cases of Crowe III DDH patients achieved good postoperative recovery. The research 
demonstrated that in correcting limb length and improving hip joint function, the 3D group showed superior 
results and enabled early mobilization and rehabilitation exercises. Comparing surgical data between the two 
groups, the 3D group exhibited significantly less intraoperative blood loss, shorter time to ambulation after 
surgery, and shorter time to discharge compared to the non-3D group. Although the surgical duration was 
similar between the groups, the 3D group required additional time for bone cement fixation, resulting in a 
13-minute waiting period, yet overall operative and exposure times were shorter in the 3D group. Among the 
graft group, three patients experienced bone resorption. The maximum limb length discrepancy in this study 
was 3.1 cm, with no cases of nerve traction paralysis postoperatively; however, both groups had two patients 
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with slight limping at the 3-month follow-up, which resolved after guided functional exercises. Further research 
is needed on the maximum achievable limb lengthening in DDH patients. Through analysis of symptoms, 
imaging data, and Harris functional scores before and after treatment, 3D printing technology combined with 
personalized Augments prostheses achieved more satisfactory early efficacy in treating Crowe III DDH patients.

This study is a retrospective analysis without a randomized design, which may introduce selection bias and 
potentially affect the generalizability of the results and the reliability of causal inferences.The sample size included 
in the study was relatively small, totaling 52 patients overall. Although the average follow-up period exceeded 2 
years, increasing the sample size and extending the follow-up duration could provide more reliable persuasive 
power and allow for mid-to-long-term efficacy assessment. In the future, we plan to conduct prospective, 
randomized controlled trials to further validate the findings of this study.

Conclusion
Total hip arthroplasty using 3D-printed personalized augment prostheses combined with acetabular implants 
offers a relatively appropriate treatment option for patients with Crowe type III DDH. Compared to traditional 
approaches, this technique has certain advantages in reducing intraoperative blood loss, shortening postoperative 
ambulation time and hospital stay, thereby facilitating early functional recovery. To some extent, it enhances the 
feasibility of individualized treatment and the precision of intraoperative procedures, providing new insights for 
complex acetabular reconstruction and the development of customized orthopedic implants.

Data availability
The datasets generated and/or analysed during the current study are not publicly available due to limitations of 
ethical approval involving the patient data and anonymity but are available from the corresponding author on 
reasonable request.
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