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Abstract 

Background  The treatment of infected bone defects remains a clinical challenge. With the development of three-
dimensional printing technology, three-dimensional printed implants have been used for defect reconstruction. The 
aim of this study was to investigate the clinical outcomes of three-dimensional printed porous prosthesis in the treat-
ment of femoral defects caused by osteomyelitis.

Methods  Eleven patients with femoral bone defects following osteomyelitis who were treated with 3D-printed 
porous prosthesis at our institution between May 2017 and July 2021, were included. Eight patients were diagnosed 
with critical-sized defects, and the other three patients were diagnosed with shape-structural defects. A two-stage 
procedure was performed for all patients, and the infection was eradicated and bone defects were occupied by poly-
methylmethacrylate spacer during the first stage. The 3D-printed prosthesis was designed and used for the recon-
struction of femoral defects in the second stage. Position of the reconstructed prostheses and bone growth were 
measured using radiography. The union rate, complications, and functional outcomes at the final follow-up were 
assessed.

Results  The mean length of the bone defect was 14.0 cm, union was achieved in 10 (91%) patients. All patients 
showed good functional performance at the most recent follow-up. In the critical-sized defect group, one patient 
developed a deep infection that required additional procedures. Two patients had prosthetic dislocations. Radiogra-
phy demonstrated good osseous integration of the implant–bone interface in 10 patients.

Conclusion  The 3D printed prostheses enable rapid anatomical and mechanically stable reconstruction of extreme 
femur bone defects, effectively shortens treatment time, and achieves satisfactory clinical outcomes.

Keywords  Infected bone defect, Osteomyelitis, Femoral defects, Three-dimensional printed prosthesis, Defect 
reconstruction

Introduction
The treatment of infected bone defects remains a clini-
cal challenge, especially for large and irregular defects. 
Various methods, such as the vascularized fibula graft 
[1], and the Masquelet-induced membrane [2–4], Ilizarvo 
bone transport [5–7], and structural allograft techniques 
[8], have been reported for the treatment of large bone 
defects with good clinical results. However, for defects 
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large in length, the traditional technique requires a longer 
treatment period and is associated with various compli-
cations, such as pin tract infections, docking site nonun-
ion, and joint stiffness. Reducing the treatment cycle and 
incidence of complications, obtaining good mechanical 
stability, and improving the fusion rate have become key 
to successful treatment [9].

With the development of three-dimensional (3D) print-
ing technology, 3D-printed implants have been used for 
defect reconstruction. They have several advantages, 
such as their lack of need for additional bone grafting, 
immediate stability, customized matched shape to fill the 
defect, and ability to accurately correct length discrepan-
cies, which make them widely used in the treatment of 
bone defects caused by tumor resection [10–15], trauma 
[16] and infection [17, 18], especially for large extremity 
defects. However, some researchers have reported a high 
incidence of complications during long-term follow-up, 
which significantly affect the reconstruction survival rate. 
In a recent study [16–19], the porous scaffold structure 
enable not only short-term effect but also long-term sta-
bility. By adjusting the porosity and pore size to fit the 
elastic modulus of the bone, stress shielding effects and 
mechanical failure can be effectively prevented [20–22], 
offering the possibility of long-term stability and good 
conditions for osseointegration. In clinical practice, this 
porous prosthesis has been used for the reconstruction 
of bone defects after tumor resection of the extremity 
diaphysis, and the pelvis has demonstrated good short-
term bone ingrowth effects [23–26]. Thus, to shorten the 
treatment cycle of the infected bone defect and compen-
sate for the insufficiency of conventional techniques, we 
used a 3D-printed porous prosthesis in the treatment of 
femoral defects caused by osteomyelitis. We have used 
an intramedullary nail to realize micromotion with cer-
tain parameters, while maintaining prosthesis stability. 
In our previous research, short-term effectiveness was 
demonstrated both in animals and clinics [22, 27, 28]. In 
the present study, we prospectively evaluated a group of 
11 patients with femoral bone defects who underwent 
reconstruction with a 3D-printed porous prosthesis, 
with a mean follow-up period of 43  months. The aim 
was to investigate the long-term stability of this novel 
fixation system, its complication rate, and the effects of 
osseointegration.

Materials and methods
Patients
We have prospectively studied 11 consecutive patients 
(7 male and 4 female) with femoral bone defects caused 
by osteomyelitis or infected nonunion after fracture who 
were treated at our institution between May 2017 and 
July 2021. Patients with defects due to tumor resection 

or Charcot arthropathy and those with less than 1  year 
of follow-up were excluded. The mean patient age was 
52.4 years (range: 24–79 years). The patients underwent 
a mean of 4.4 debridements before prosthetic implanta-
tion. The mean length of the bone defect was 14.0  cm, 
and the largest defect was 26.1 cm. The mean follow-up 
was 43.0 months (range: 24–68 months). All patients pro-
vided informed consent for their participation.

Surgical technique
Similar to the Masquelet technique [3], we used a two-
stage treatment approach. In the first stage, the patients 
were placed on an orthopedic operating table. A lateral 
incision was made to clean up the infected soft tissue 
and necrotic bone until bleeding was observed at the 
bone margin. The proximal and distal interfaces were 
trimmed to a plane perpendicular to the long axis of the 
femoral diaphysis. After reaming the femoral canal, the 
entire surgical area was repeatedly flushed with hydro-
gen peroxide and iodophor solution to ensure that the 
local infection was under control. The bone tissue, sur-
rounding soft tissue, and irrigation fluid were retained 
for bacterial culture during surgery. A vancomycin-
loaded polymethylmethacrylate (PMMA) spacer which 
consisted of 40  g PMMA bone cement and 2  g vanco-
mycin was used to fill the spaces and canals. According 
to the length and diameter of the defects, the PMMA 
should be slightly larger to ensure sufficient space for the 
prosthesis and maintain the length of the lower limbs. 
Vacuum sealing drainage (VSD) was used for continuous 
wound irrigation, and the drainage fluid was retained for 
3 days postoperatively for bacterial culture. Debridement 
was performed weekly until all antibiograms and cultures 
were negative. PMMA spacing should be performed for 
6–8  weeks to generate a high-quality induction mem-
brane and confirm that no infection remains. External 
fixation was used to maintain stability of the extremity 
in nine patients with critical-size defects. After the first 
stage of treatment, patients were asked to undergo com-
puted tomography (CT) of both lower extremities, which 
was used to design and fabricate the 3D-printed prosthe-
sis during the waiting period. Based on CT, patients with 
radiographically apparent bone gaps were defined as hav-
ing critical defects. Patients with continuous bone cortex 
were defined as having shape-structural defects.

Before the second stage of treatment, the soft tis-
sue and wound conditions, white blood cell count lev-
els (WBC), leukocyte counts, C-reactive protein levels 
(C-rp), and erythrocyte sedimentation rates (ESR) were 
evaluated to ensure local infection control. The PMMA 
spacer was removed by carefully incising the membrane. 
The 3D-printed prostheses of all patients were inserted 
with 2  g vancomycin into the drug-loaded hollows. For 
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patients with critical defects, the intramedullary nails 
(Smith & Nephew Medical Ltd.) were used to keep the 
prosthesis stable while distributing stress on the pros-
thesis. The wound was closed in layers, as usual. Post-
operatively, according to pathogen susceptibility tests, 
intravenous and oral empiric antibiotics were adminis-
tered for 1 month. During the waiting period of the first 
and second stages, all patients were required to take oral 
second-generation cephalosporins.

Prosthesis design
The prosthesis design process was conducted between 
the first and second stages with the participation of AK 
Medical Holding Ltd. According to the workflow [29], the 
3D structure was first projected using the Mimics soft-
ware (Mimics 21.0; Materialise, Leuven, Belgium) based 
on the length of the healthy femur and anatomical shape 
of the defect area. The size of the prosthesis interface 
should be smaller in diameter than that of the host bone 
to help new bone tissue to crawl and grow towards the 
prosthesis. The material of the prosthesis was titanium 
alloy (Ti6Al4V), according to previous literature and our 
animal experiments [20–22]. The prosthesis was con-
stitutive of regular icosahedron units with a porosity of 
approximately 60–70% and a pore size of 625 ± 70  μm. 
All prostheses used in critical-size defects had a hollow 
design to mimic the structure of the medullary cavity 
(Fig.  1). To facilitate the application of intramedullary 
nails, the diameter of the hollow portion was designed 
1–1.5  mm larger than the diameter of the intramed-
ullary nail. According to our previous finite element 
analysis based on ABAQUS 6.13, the stress was mostly 
concentrated at the prosthesis interface [30]; therefore, 

the intramedullary nail could effectively disperse the 
lateral stress on the prosthesis while limiting the lateral 
dislocation of the prosthesis. By this means, the risk of 
aseptic loosening and prosthetic fracture was reduced, 
which aids the immediate stabilization of the prosthe-
sis. In addition, the presence of an intramedullary nail 
allowed for micromotion between the prosthesis and 
bone interface to facilitate osseointegration. Three lock-
ing nails were used for distal femur to prevent prosthesis 
subsidence.

When the defect involved the metaphysis, proper and 
rigid fixation was difficult to achieve because of its spe-
cial anatomical structure and insufficient anchorage 
length [25, 31]. Hence, the prosthesis was designed with 
a lateral wing plate that was 3–4 cm long and fixed with 
three to four screws to enhance its stability. Although 
bone growth is affected to some extent by the stress 
shielding effect [22, 30], it effectively prevents prosthesis 
failure due to excessive micromotion.

If the distal bone of the metaphysis was considered 
insufficient to lock the intramedullary nail, an integrated 
intramedullary nail prosthesis was applied. The distal 
portion of the prosthesis was stabilized using four screws 
that penetrated the prosthesis to fix the distal bone.

For shape-structural bone defects, because of the pres-
ence of a continuous bone cortex for lower extremity 
stabilization, the design of the prosthesis was fully com-
patible with the anatomical morphology of the defect 
area to ensure a complete fit to the host bone after 
implantation. Proximal and distal lateral plates were 
designed for fixation to ensure stable transmission of cor-
tical stress from the defect site to the distal part, which 

Fig. 1  A and B the design drawings of the 3D printed prosthesis. C the finished photo of 3D printed prosthesis, a lateral plate was added to ensure 
strength



Page 4 of 9Chen et al. BMC Musculoskeletal Disorders          (2024) 25:474 

provided a basis for early weight-bearing of the limb 
(Fig. 2). All patients did not require bone grafting.

Postoperative management
The patients without osteoporosis or evidence of skin or 
soft tissue infection, were permitted to perform partial 
weight-bearing or knee flexion and extension training 
after removal of the drainage tube 1  week post-opera-
tively. Patients with osteoporosis, skin flaps, or poor skin 
conditions were allowed to perform toe-touch weight-
bearing with crutches 1  week post-operatively. Reha-
bilitation of full-range joint mobility training in bed was 
also encouraged, and full weight-bearing was gradually 
resumed within 2 months.

Clinical and radiographic evaluation
Clinical and radiographic evaluations were conducted 
at 1, 3, and 6 months for the first year after surgery and 
every year thereafter. At each follow-up, a senior surgeon 
assessed the patients for infection relapse by probing the 
wound. The absence of sinus tract, material exposure, 
or pus within the wound was ensured. Infection eradi-
cation was characterized by a healed wound after one 
year of follow-up. Patients were asked to undergo full-
length, frontal, and lateral radiographs of both lower 
extremities at each follow-up visit to observe prosthe-
sis stability, proximal and distal bone cortical thickness, 
and bone growth. Union was considered to occur when 
the new bone grew into or climb over a porous struc-
ture. However, osseointegration was not observed upon 
radiographic examination; thus, we chose to observe tra-
becular bridging across the prosthesis-host junction on 
radiography and recorded the time of formation to indi-
rectly evaluate the effect of osseointegration [32]. Based 

on evaluation of postoperative X-rays, union was defined 
if the following criteria were met: (1) prosthetic disloca-
tion < 2  mm; (2) continuous bone formation across the 
bone interface and extent of prosthesis (proximal or dis-
tal); (3) no remaining infection; and (4) no periprosthetic 
translucent band on radiography. A dislocation of > 2 mm 
was defined as prosthetic loosening. Functional recovery 
was assessed using the lower extremity functional scale 
(LEFS). Neurovascular status, range of motion (ROM) of 
the knee joints, and any signs of infection were examined.

Results
Demographic and follow-up data are detailed in Table 1 
and laboratory data in Table 2. Among the eight patients 
with critical-size bone defects, five had metaphysis 
defects, one of whom used an integrated intramedullary 
nail prosthesis due to insufficient distal bone, and the 
others used a lateral plate-type prosthesis combined with 
an intramedullary nail. Three patients in whom the defect 
only involved the diaphysis were treated with a plain 
prosthesis and intramedullary nail. Among the three 
patients with shape-structural defects, two had involve-
ment of the metaphysis, and one only had involvement 
of the diaphysis. Union was achieved in 10 (91%) patients 
according to our criteria. One patient who used an inte-
grated intramedullary nail prosthesis was defined as hav-
ing nonunion due to the presence of a translucent band 
on the distal bone after 36 months of follow-up, consid-
ering periprosthetic bone resorption (Fig. 3). The patient 
showed good functional performance at the latest follow-
up visit. Among patients with shape-structural defects, 
one patient obtained fair results because of continuous 
postoperative pain with a visual analog scale (VAS) score 
of 4–5 and requirement for pain medication.

Fig. 2  A A 51-year-old patient suffered osteomyelitis after a femur injury. B After debridement three times, an external fixator was applied, 
and PMMA was used to fill the spacer. The length of defect was 26.1 cm. C and D Anteroposterior (C) and lateral radiographs (D) showing 
the stability of the reconstruction system after 2 years. The bone growth could be observed proximally. E and F There was no limb-length 
discrepancy. The patient achieved full weight-bearing and was able to resume his original work. PMMA = polymethylmethacrylate
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Radiological outcomes
In the critical-size defect group, two patients showed 
a prosthesis dislocation of < 2  mm compared with the 
immediate preoperative radiograph. However, no patient 
showed significant angulation or subsidence, and func-
tional recovery was satisfactory. Proximal bone growth 
was observed in 6 patients at 6  months follow-up and 
in 1 patient at 12 months follow-up. Distal bone growth 
was observed in only two patients, and both bone defects 
only involved the diaphysis. One patient had an inte-
gral intramedullary nail, sclerosis of the distal interface, 
and a translucent zone surrounding the prosthesis, and 
no significant bone growth was observed until the last 
follow-up.

In patients with shape-structural defects, no disloca-
tion was identified. Bone growth was observed at both 
the proximal and distal interfaces in 1 patient with dia-
physeal defects at 12  months. In 2 patients with meta-
physis, bone growth was observed unilaterally at 6 and 
12  months, with significant osteosclerosis on the other 
side. Periprosthetic cortical thickening was observed in 
all patients, with no translucent bands Table 3.

Discussion
3D-printed protheses are most commonly used in the 
treatment of large bone defects after tumor resection 
to achieve rapid weight-bearing. However, in previous 
reports, the prosthesis design focused only on anatomical 

Table 1  Demographic data, infected data, details bone loss and treatment, and results of patients

Three patients developed postoperative stiffness; two of whom received early rehabilitation, and one of whom was subsequently managed with quadricepsplasty, 
and their ROM reached 90° at the latest follow-up. Of the latter two patients, one was still in the rehabilitation process with a knee ROM of 30°. ROM, range of motion; 
VSD, vacuum sealing drainage

ROM range of motion, LEFS lower extremity functional scale
a Deep infection occurred in one patient within 1 week after prosthesis implantation, which was treated with debridement, VSD, and intravenous antibiotic treatment. 
The patient was asked to stay in bed during treatment. After 1 month of treatment, the infection was successfully eradication, and removal of the prosthesis was 
avoided

Case BMI (kg/m2) Comorbidity Types of bone defect Sites and location 
(R/L)

Times 
of previous 
surgeries

Duration between 2 
stages (d)

1 25.5 NA Critical R, Diaphysis 1 41

2 26.5 Stiff knee Critical R, Diaphysis 1 51

3 32.1 NA Critical L, Diaphysis 4 58

4a 21.3 Osteoporosis Critical L, Metaphysis 3 45

5 30.6 Stiff knee Critical R, Metaphysis 2 37

6 21.4 NA Critical L, Metaphysis 1 57

7 18.0 Osteoporosis Critical R, Metaphysis 2 49

8 27.0 NA Critical L, Metaphysis 3 59

9 25.6 Diabetes, Hyperten-
sion

Shape-structural L, Diaphysis 2 68

10 27.4 NA Shape-structural R, Metaphysis 0 139

11 24.9 Hypertension, Venous 
thrombosis

Shape-structural R, Metaphysis 0 66

Bone Loss (cm) Times of debridement Duration of Follow-up 
(mo)

External fixation time 
(d)

ROM LEFS Score Complications

12.0 6 68 93 0°–90° 60 Stiff knee

26.1 3 25 77 0°–40° 46 Stiff knee, Pin tract 
infection

10.4 4 24 99 0°–120° 61 Pin tract infection

12.5 5 61 186 0°–100° 53 Deep infection

11.5 4 56 66 0°–100° 62 -

8.5 3 51 56 0°–100° 49 Venous thrombosis

11.8 4 45 65 0°–110° 47 -

14.0 8 36 93 0°–90° 54 Pin tract infection

19.0 6 53 NA 0°–90° 52 -

17.8 2 30 NA 0°–120° 63 -

10.5 4 24 NA 0°–30° 41 Stiff knee, Postop-
erative Pain
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reconstruction with a solid stem. Aseptic loosening and 
periprosthetic fractures were the most common com-
plication, with rates ranging 33–53.8% [10–14, 33], 
which limits the prothesis application. With techno-
logical developments, the novel porous structure design 
showed satisfactory osseointegration, providing long-term 

effectiveness of prostheses. Hence, we applied 3D-printed 
technology to treat infected bone defects to shorten the 
treatment cycle and compensate for graft bone insuffi-
ciencies. In our study, we reported a union rate of 91%, 
which was comparable to that of conventional treatment 
methods [1–8].

3D‑printed porous prosthesis combined 
with an intramedullary nail fixation system improved 
performance and achieved reconstruction
To guarantee prosthesis stability and a controllable 
micromotion environment, we chose an intramedullary 
nail to disperse the stress. This effectively avoided peak 
stress being concentrated on the prosthesis, thereby 
reducing the risk of prosthetic or periprosthetic fracture. 
In diaphyseal defects, the load is transmitted from the 
proximal to the distal host bone to prevent stress-shield-
ing effects and promote osteogenesis. In metaphyseal 

Table 2  Infected data and laboratory examination results of patients

a Stage 1 referred to the laboratory examination results after the last debridement

Case Microorganism WBC (a10^9/L) C-rp (mg/L) ESR (mm/h)

Stage 1a Stage 2 Stage 1 Stage 2 Stage 1 Stage 2

1 Morganella morganii, Staphylococcus haemolyticus 7.02 8.67 2.13 1.01 44 11

2 Escherichia coli 4.82 7.78 1.82 0.80 37 20

3 Staphylococcus haemolyticus 6.21 6.65 4.56 0.52 45 12

4 Staphylococcus epidermidis, Klebsiella pneumoniae 4.35 5.38 1.75 1.18 25 10

5 Enterobacter cloacae 6.86 7.24 1.93 0.93 42 10

6 Negative culture 6.33 9.41 0.62 0.40 22 22

7 Staphylococcus haemolyticus 6.72 4.93 1.62 0.52 34 16

8 Staphylococcus aureus 8.85 8.50 1.96 0.63 27 11

9 Staphylococcus epidermidis 10.42 6.89 7.37 0.13 66 23

10 Staphylococcus aureus, Acinetobacter baumannii 11.73 8.16 2.62 1.14 43 3

11 Acinetobacter junii, enterococcus faecium 7.88 8.86 1.72 1.20 33 20

Fig. 3  Anteroposterior and lateral radiographs at 36 months follow-up. A The wound healed well with no evidence of infection. B The metaphysis 
was considered insufficient to lock the intramedullary nail, an integrated intramedullary nail prosthesis was applied. C Prosthesis was stabilized 
using screws that penetrated the prosthesis. D Translucent zone surrounding the prothesis could be observed both on proximal and distal bone 
with no new bone growth. E Sclerosis of the distal interface

Table 3  Radiological result

Critical Shape-
structural

Dislocation 2 0

Interface osteosclerosis 1 2

Translucent band 1 0

Proximal bone growth 7 2

Distal bone growth 2 2
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cases, because the plate was fixed with screws on the dis-
tal side, less stress was transmitted to the distal bone. The 
stress was concentrated on the lateral plate of the pros-
thesis, improving prosthesis stability and preventing the 
impact of rotation stress in the metaphysis.

Traditional customized prostheses are manufactured 
using one-piece structures. The stem was made into one 
piece with a prosthetic body and connected to a special 
piece. When used for femur reconstruction, the most fre-
quent problems were aseptic stem loosening and struc-
tural failure, with rates ranging 16.7–57.0% [10, 12–14]. 
Benevenia [10] reported that 12 patients who underwent 
femur reconstruction with a prosthesis suffered implant-
related complications, and a clamp-rod interface fracture 
was associated with cemented fixation of the stem. How-
ever, aseptic stem loosening was more likely to be caused 
by non-cemented fixation. Mahdal [13] also reported 
clamp-rod interface fractures after cement fixation, and 
the risk was higher when the defect length was > 10  cm 
[15] or involved meta-diaphyseal regions [14], indi-
cating that stress was concentrated on the relatively 
unstable part of the prosthesis and not homogeneously 
distributed.

Porous prostheses seemingly have a lower implant-
related complication rate than solid prostheses. Among 
39 patients who received a custom 3D-printed implant, 
Abar [16] reported that 25.6% suffered implant loosen-
ing within 10 months. Zhao [11] used a porous prosthe-
sis combined with a locking plate in 14 patients; none of 
whom developed implant-related complications at the 
final follow-up. Hammaa [34] used custom 3D-printed 
titanium truss cages combine with intramedullary nails 
also achieved favorable clinical outcomes with no occur-
rences of implant loosening.  The formation of the bone 
bridge and the distance of infiltration into the implant 
may contribute to prosthesis stability.

According to our results, osseointegration mostly 
occurred at 6–12  months with no implant loosening 
or structural failure. In critical-sized defects, proximal 
osteogenesis started earlier than distal osteogenesis, and 
medial osteogenesis started earlier than lateral osteo-
genesis. However, owing to the stress-shielding effect, 
osteogenesis occurred later in distal metaphysis cases. 
Moreover, the prosthesis was fixed to the bone using 
intramedullary nailing, which limits the horizontal 
micromotion between the bone and prosthesis, enabling 
micromotion along the axis of the femoral stem, which 
differs from the traditional fixed system. As stability 
increased, micromotion disappeared, and bone growth 
halted [22]. Most patients in our study were allowed 
partial weight-bearing after drainage removal 1-week 
post-operatively, which may contribute to satisfactory 
functional outcomes and a shorter treatment period. 

However, dynamic stability and stress stimulation may 
enhance osseointegrative potential.

Potential factors affecting osseointegration
Good osseointegration may improve prosthesis longev-
ity, making it applicable for the treatment of non-tumor 
bone defects. In previous research [21, 22, 35], scaffolds 
with a porosity of 60–80% and pore sizes of 500-700um 
have been demonstrated to effectively promote bone 
ingrowth. The research [36] indicated that the scaf-
folds with a small pore size that smaller than 188um, the 
exchange of oxygen and nutrients would be affected, and 
failed to provide adequate surface area for cell adsorption 
and proliferation. Furthermore, by adjusting the poros-
ity to match the elastic modulus of cortical bone (4 – 30 
GPa) [37, 38], stress shielding could be prevented. Addi-
tionally, to avoid excessive weight of the implant, the 
entire implant also utilized a porous structure.

Bone formation within porous networks has previously 
been observed in bone tissue sections [22, 27, 28]; how-
ever, it cannot be directly observed in  vivo. Therefore, 
in our study, we determined the bone ingrowth effect 
by observing periprosthetic bone formation and cortical 
thickness on radiography, which was reported previously 
[11, 16, 31]. We herein summarize several reasons to 
explain the different osteogenesis effects between proxi-
mal and distal bone: (1) enlarged sectional diameter of 
the distal femur dispersed stress; (2) the lower third of the 
femur has a poor degree of vascularization [39], which 
affects osteogenesis; and (3) the stress-shielding effect of 
the lateral plate of the metaphyseal prosthesis [22, 30], 
and the lack of micromotion due to rigid fixation. There-
fore, we propose the necessity to conduct weight-bearing 
training within two weeks if feasible. In the shape-struc-
tural defect group, callus growth was found on the non-
plate side and occurred slower than that in the critical 
defect group, which may be related to the locking screw 
fixation of the prosthesis.

At study onset, we hoped to retain more host bone to 
reduce surgical trauma and improve osseointegration; 
therefore, the bone interface did not flatten during the 
first stage. However, during long-term follow-up, in one 
patient with an integrated intramedullary nail prosthe-
sis, the bone did not grow at the interface parallel to the 
lower limb force line. Bony sclerosis and transparent 
periprosthetic bands are observed at the bone interface, 
and resorption occurs at the contact interface because 
of the lack of stress stimulation. Therefore, we suggest 
the host bone interface be as flat as possible to ensure 
a uniform stress distribution and be perpendicular to 
the direction of the force line to ensure sufficient stress 
to stimulate new bone growth. Until the last follow-up, 
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the patient had no significant decline in lower limb 
function, and we were not hurried to intervene.

The present study has several limitations. First, 
the sample size was small, and a larger sample size is 
needed to confirm the results. Second, the 3D-printed 
prosthesis was made of titanium alloy, which is not 
absorbable. Although the longest case achieved good 
treatment results more than 5  years after surgery, 
longer follow-up is needed to corroborate the effective-
ness and safety of this treatment method. Third, there 
are no quantitative indicators to describe the osseoin-
tegration effect, and more cases are required to sum-
marize the pattern of osteogenesis.

Conclusion
Based on the current outcomes, the application of 
3D-printed porous prosthesis could help to reconstruct 
local anatomy rapid and provided stable mechanical 
transmission. The application of the intramedullary nail 
provides mechanical dispersion and ensures the pres-
ence of micromotion, which can effectively shorten 
the treatment time, provide a relatively stable bone 
defect repair mode, avoid additional bone grafting, 
and achieve satisfactory clinical results in the medium-
term; therefore, it is a potentially effective choice for 
the treatment of infected bone defects.
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