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Abstract 
Rationale: With a high failure rate and multiple postoperative complications, the resection for tumors in the elbow and 
reconstruction present a formidable challenge to orthopedic surgeons. The maturation of 3-dimension (3D) printing technology 
has facilitated the preoperative design, intraoperative navigation, and reconstruction of bone defects in patients with complex 
malignant tumors of the elbow joint. In order to improve prognosis, we explored a method of tumor resection and elbow 
reconstruction aided by 3D printing technology in this research.

Patient concerns: The patient underwent nephrectomy for clear cell carcinoma of the left kidney 3 years ago. Six months 
ago, the patient presented with limited movement and lateral tenderness in the right elbow joint. The tumor puncture biopsy 
demonstrated renal clear cell carcinoma metastasis.

Diagnoses: Renal clear cell carcinoma with distal humerus bone metastasis.

Interventions: Thin-layer CT scan data of the patient was acquired, and a 3D reconstruction of both upper limb bones and 
joints was conducted, followed by a simulation of diseased tissue excision. According to the model, individualized osteotomy 
guidelines and elbow prostheses were designed and manufactured. Then, prior to the completion of the actual operation, a 
simulation of the preoperative phase was performed.

Outcomes: The operation was completed without incident. At the 1-, 3-, and 6-month postoperative examinations, both the 
position and mobility of the prosthesis were found to be satisfactory, and no complications were observed. The hospital for special 
surgery score and mayo elbow performance score scores increased in comparison to the preoperative period.

Lessons: For patients with complex tumors in the elbow joint, 3D printing technology may assist in the precise excision of 
the tumor and provide an individualized elbow joint prosthesis that is more precise and effective than traditional surgery. It can 
accomplish a satisfactory treatment effect for patients when combined with early postoperative scientific rehabilitation training, so 
it is a method worth promoting.

Abbreviation: 3D = 3-dimension.
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1. Introduction
Both primary malignant tumors and metastatic bone tumors 
are capable of causing bone destruction,[1,2] and surgical resec-
tion of the tumor lesion is essential for long-term survival of 
patients. Reconstruction after elbow resection due to invasive 
benign tumors and malignant bone tumors is typically a more 
challenging issue.[3,4] Although autologous bone replantation 
is an ideal match, it has a limited purview of application and 
poor postoperative joint mobility.[5,6] Total elbow arthroplasty 

is a superior option for patients, but the procedure is more 
difficult, has a higher failure rate, and is associated with 
non-negligible complications such as loosening, revision, and 
infection.[7–9]

With the advancement of medical-engineering integration, 
3-dimension (3D) printing technology offers a more effective 
and innovative approach for the clinical treatment of bone 
malignancies.[10,11] It assists with preoperative design, intraop-
erative precise navigation, and postoperative individualized 
reconstruction for complex malignant tumor surgery.[11,12] The 
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application of 3D printing technology in elbow reconstruc-
tion surgery could decrease the load on the prosthesis, extend 
its lifespan, and maximize the restoration of joint function.[13] 
However, experience with elbow reconstruction guided by 3D 
printing technology remains limited. Therefore, we describe a 
novel surgical procedure performed on a patient with distal 
right humerus metastatic renal cell carcinoma.

2. Case presentation

2.1. Ethical statement

Our study was involved in elbow joint prosthesis implantation 
based on 3D printing technology. All study procedures and 
surgical protocols were sanctioned by the Yantaishan Hospital 
Medical Ethics Society and conform to Helsinki declaration. 
The patient was also completely apprized about the publication 
of this case report and its accompanying photographs. Consent 
in writing was obtained from the patient.

2.2. Clinical data

The patient, a 56-year-old man with a height of 176 centimeters 
and a weight of 68 kilograms, was admitted to the hospital 
with 6 months of discomfort and limited motion in the lateral 
right elbow joint. He had left nephrectomy for clear cell renal 
cell carcinoma of the left kidney 3 years ago. The patient had 
slight swelling on the lateral side of the right elbow joint, nor-
mal skin color and temperature, no visible soft tissue masses, 
positive local pressure pain on the lateral side of the right elbow 
joint. The flexion and extension range of motion of the elbow 
joint was 45° to 80°, pronation 30° and supination 20°. The 
hospital for special surgery score was 15 and Mayo elbow per-
formance score was 55. Routine X-ray, CT, MRI, whole-body 
bone scintigram, and PET/CT scans were conducted to confirm 
that the tumor did not have any additional metastases. A tumor 
puncture biopsy was conducted on the distal right humerus to 
elucidate the clear cell renal cell carcinoma bone metastasis 
(Fig. 1).

2.3. Individualized prosthesis and elbow 3D reconstruction

The thin-layer CT scan data was imported into the E3D medi-
cal imaging software (http://www.e3d-med.com/, Central South 
University, Changsha, China) for 3D reconstruction of the bone 
tissue of the upper limb, which could clearly depict the region of 
the elbow joint invaded by the tumor (Fig. 2A). On the healthy 

side of the patient, the same procedure was used to reconstruct 
the bone tissue model of the elbow joint region. Using the sim-
ulated osteotomy function of the E3D software, the tumor-in-
vaded region surrounding the afflicted elbow joint was enlarged 
by 10mm for a simulation of resection in accordance with the 
principle of tumor resection (Fig. 2B). Thus, we created models 
of the elbow joint on the healthy side and the elbow joint on 
the afflicted side following osteotomy in the form of standard 
template library file.

In the E3D software, a 3D model of the elbow joint after 
tumor resection was used to extricate a 10 mm-wide surface 
along the osteotomy line on the surface of the normal bone tis-
sue at the resection margin and to thicken the body by 3mm. 
Following the smoothing and optimization of the surface, a 
3mm diameter hole was drilled for intraoperative kerf pin fix-
ation. For intraoperative tumor resection, a 3D-printed nylon 
osteotomy guide plate was autoclaved and used to designate the 
osteotomy line.

The 3D model of the afflicted elbow joint after osteotomy 
was imported into UNIGRAPHICS software (UG, Siemens NX 
10.0), and the geometry of the patient’s prosthesis for repair-
ing bone defects after elbow osteotomy was designed using the 
healthy side model as a reference (Fig.  2C). The actual joint 
reconstruction had to take into account the articular cartilage 
surface, so the articular surface of the individualized elbow joint 
prosthesis mentioned above was flared by 1mm. The surface of 
the elbow joint prosthesis model was polished, the external fix-
ation plate was added, and the interface between the prosthesis 
and the adjacent bone tissue was designed as a porous structure 
with a 1.5mm thickness. The elbow prosthesis (Fig.  3A) was 
fabricated using the selective electron beam melting machine 
(Arcam A1, Sweden). Then, it was used for presurgical simula-
tion (Fig. 3B).

2.4. Operative procedures

A curved incision was made on the posterior and lateral side of 
the right elbow joint and extended proximally approximately 
5cm above the lateral humeral condyle. The subcutaneous tissue 
was separated, the fascial layer was cut, the tumor was peeled 
off, and the common extensor tendon and elbow muscle were 
severed and marked with a thread for reconstruction of the soft 
tissue around the elbow joint. After full debridement of the 
tumor, the triceps muscle was pulled with a pull hook to expose 
the posterior aspect of the distal humerus and the hawkbill 
fossa. Additionally, a portion of the joint capsule was removed, 
and the forearm was externally rotated and the humeroulnar 

Figure 1. Imaging examination before operation. (A) X-ray, (B) CT, and (C) MRI.

http://www.e3d-med.com/
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joint was semi-dislocated to expose the lateral humeral con-
dyle. The 3D-printed guide plate was firmly affixed to the pos-
terior region of the distal humerus as well as the fossa of the 
elbow, secured and marked with a kerf pin. Subsequently, a “C” 
shaped osteotomy was performed utilizing a swing saw, along 
the aforementioned mark, to achieve complete resection of the 
bone segment containing the tumor. After encircling the artificial 
patch around the surface of the elbow prosthesis and securing 
it with sutures, the prosthesis was installed in the area of the 
bone defect and screws were inserted into the corresponding 
nail channels. In the extended position, the joint capsule, elbow 
muscle, and common extensor tendon were sutured and fixed to 
the artificial patch. The elbow joint was reconstructed securely, 
with excellent flexion and extension (Fig. 4).

2.5. Outcomes and follow-up

With a forearm suspension, the right elbow joint was fixed in a 
functional position following surgery. On the first postoperative 
day, the patient was instructed to initiate functional exercise of 
the affected limb. The drainage tube was removed 2 days after 
surgery. On the third postoperative day, the swelling around the 
incision was substantially reduced, the right forearm could be 
rotated, and the digits and elbow joint could flex and extend 
independently. One week after surgery, X-rays revealed that the 
elbow joint prosthesis was in excellent position and conformed 
to the preoperative design. One month after surgery, finger 

flexion and extension activities were normal, and the range of 
elbow flexion and extension activities was 0° to 130°, pronation 
70° and supination 70°, which was sufficient for daily activities. 
In the 1st, 3rd, and 6th months after surgery, the patient returned 
to the hospital for a follow-up examination and reviewed the 
elbow joint X-ray (Figs. 5 and 6), which showed the prosthesis 
in excellent position and angle, with no translucent area or ero-
sion. There were no indications of nerve damage, normal levels 
of blood sedimentation and C-reactive protein, and no evidence 
of infection. Table 1 displays the postoperative follow-up mayo 
elbow performance score and hospital for special surgery score 
scores.

3. Discussion
The principle of surgical treatment for humeral metastases is 
to provide robust internal fixation as quickly as feasible.[14] 
Consequently, intramedullary pins, plates, and tumor-type pros-
theses are frequently employed. However, a significant reduction 
in joint function is common postoperatively.[15] Due to the com-
plicated anatomy of the elbow joint, total elbow arthroplasty 
is more difficult and prone to failure, despite the fact that it 
enhances joint mobility to some degree. The 3D printing tech-
nology could precisely reconstruct the anatomical structure of 
the joint surface with an individualized prosthesis. It not only 
compensates for the shortcomings of conventional orthopedic 
surgery, but also facilitates preoperative planning and improves 

Figure 2. Presurgical 3D reconstruction procedure. (A) 3D depiction of distal humerus tumor, (B) tumor resection of distal humerus, and (C) model of individu-
alized elbow prosthesis. 3D = 3-dimension.

Figure 3. preoperative design and rehearsal. (A) The navigation template and individual elbow prosthesis, (B) exercise in preoperative simulation.
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surgeon-patient communication.[16] Spine and pelvic surgeries 
are increasingly utilizing 3D printing technology, whereas expe-
rience with elbow surgery is insufficient.[17]

In this case, the patient had extensive bone destruction and 
limited range of motion in the right elbow joint, but a lengthy 
survival time. To enhance the postoperative quality of life, we 
determined to apply 3D printing technology to perform exten-
sive tumor resection and individualized elbow joint reconstruc-
tion. Previous researches have demonstrated[18,19] that 3D printing 
technology simplifies elbow surgery procedures, shortens surgery 
times, and makes it simpler and more precise to position prosthe-
ses compared to conventional surgical methods. The technology 
of 3D printing places a greater emphasis on the surgeon’s role, 
enhancing the surgeon’s control over the complete procedure 
while diminishing the engineer’s contribution. The results of a 
questionnaire indicated that both physicians and patients were 
satisfied with 3D printing technology in general.[20]

In this example, we recapitulate the benefits of utilizing 
3D printing technology as follows: By printing the humeral 

model, it is able to visualize the tumor. To minimize trauma 
and reinstate fundamental life functions as soon as possi-
ble, the preoperative design preserved the medial humeral 
condyle, a matching prosthesis was devised, and the ana-
tomical position of elbow joint was restored to the greatest 
extent feasible; Through preoperative simulation of osteot-
omy, the preoperative design of a precise osteotomy guide 
plate assured that the prosthesis matched the osteotomized 
humerus. By removing tumor tissue in accordance with 
the guide plate, we accomplished a tumor-free margin for 
tumor resection and shortened the duration of the operation 
without intraoperative fluoroscopy; This prosthesis was 
constructed with an extension plate that was posteriorly 
attached to the humerus. The alignment of the plate was 
determined by the humeral anatomy to prevent intraoper-
ative pre-bending of the plate, and the preoperative screw 
direction and length had been meticulously designed. This 
substantially reduced the length of time required to restore 
the skeletal anatomy. However, the follow-up period of this 

Figure 4. Surgical procedure. (A) exposing the tumor, (B) installing the guide plate and removing the tumor, and (C) installing the prosthesis and artificial patch.

Figure 5. X-rays results of follow-up after operation. (A) Anteroposterior and lateral X-rays one week after surgery, (B) anteroposterior and lateral X-rays six 
months after surgery.
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study was brief and it was limited to a single case; its expan-
sion and application must be validated by additional clinical 
cases and longer-term follow-up results.

4. Conclusion
In conclusion, our study effectively treated malignant tumors 
around the elbow joint using 3D printing technology to assist 
with precise tumor excision and patient-specific individualiza-
tion of an elbow prosthesis. In conjunction with early postoper-
ative scientific rehabilitation training, 6-month follow-up of the 
patient revealed satisfactory treatment outcomes. This research 
presents a feasible strategy for the individualized treatment of 
peri-elbow tumors.

Author contributions
Conceptualization: Li-Ming Chang.
Data curation: Qing Su, Yong-Quan Zhang.
Formal analysis: Qing Su.
Funding acquisition: Li-Ming Chang.
Methodology: Guang-Jun Liao, Qing Su.

Resources: Li-Ming Chang.
Software: Guang-Jun Liao, Yong-Quan Zhang.
Writing – original draft: Guang-Jun Liao.
Writing – review & editing: Guang-Jun Liao, Li-Ming Chang.

References
 [1] Coleman R, Hadji P, Body JJ, et al. Bone health in cancer: ESMO clini-

cal practice guidelines†. Ann Oncol. 2020;31:1650–63.
 [2] Zhao X, Wu Q, Gong X, et al. Osteosarcoma: a review of current and 

future therapeutic approaches. Biomed Eng Online. 2021;20:24.
 [3] Kamalapathy P, Shah A, Raskin K, et al. Complications and survivor-

ship of distal humeral allograft reconstruction after tumor resection: 
literature review and case series. J Am Acad Orthop Surg Glob Res Rev. 
2021;5:e20.00256–8.

 [4] Manoharan G, Jordan RW, Orfanos G, et al. Joint replacement surgery 
for elbow tumours: a systematic review of outcomes. Shoulder Elbow. 
2021;13:656–70.

 [5] Oike N, Kawashima H, Ogose A, et al. Long-term outcomes of an 
extracorporeal irradiated autograft for limb salvage operations in mus-
culoskeletal tumours. Bone Joint J. 2019;101-B:1151–9.

 [6] Yu XC, Xu SF, Xu M, et al. Alcohol-inactivated autograft replan-
tation with joint preservation in the management of osteosar-
coma of the distal femur: a preliminary study. Oncol Res Treat. 
2014;37:554–60.

 [7] Park JG, Cho NS, Song JH, et al. Clinical outcomes of semiconstrained 
total elbow arthroplasty in patients who were forty years of age or 
younger. J Bone Joint Surg Am. 2015;97:1781–91.

 [8] Little CP, Graham AJ, Carr AJ. Total elbow arthroplasty. J Bone Joint 
Surg Br Vol. 2005;87-B:437–44.

 [9] Zhou H, Orvets ND, Merlin G, et al. Total elbow arthroplasty in the 
United States: evaluation of cost, patient demographics, and complica-
tion rates. Orthop Rev (Pavia). 2016;8:6113.

 [10] Benady A, Meyer JS, Freidin D, et al. A review of 3D printing in ortho-
pedic oncology. J 3D Print Med. 2022;6:147–61.

 [11] Schulze M, Gosheger G, Bockholt S, et al. Complex bone tumors 
of the trunk–the role of 3D printing and navigation in tumor 
orthopedics: a case series and review of the literature. J Pers Med. 
2021;11:517.

Figure 6. Functional status after operation. (A) extension and, (B) flexion two months after surgery, (C) extension and, and (D) flexion six months after surgery.

Table 1

HSS and MEPS scores of the patient.

Score Before operation 

After operation (mo)

1 3 6 

HSS 15 86 90 90
MEPS 55 90 95 95

HSS = hospital for special surgery score, MEPS = mayo elbow performance score.



6

Liao et al. • Medicine (2023) 102:35 Medicine

 [12] Park JW, Kang HG, Kim JH, et al. The application of 3D-printing 
technology in pelvic bone tumor surgery. J Orthop Sci. 
2021;26:276–83.

 [13] Fadero PE, Shah M. Three dimensional (3D) modelling and surgical 
planning in trauma and orthopaedics. Surgeon. 2014;12:328–33.

 [14] Bashore CJ, Temple HT. Management of metastatic lesions of the 
humerus. Orthop Clin North Am. 2000;31:597–609.

 [15] Cirstoiu C, Cretu B, Iordache S, et al. Surgical management options for 
long-bone metastasis. EFORT Open Rev. 2022;7:206–13.

 [16] Wixted CM, Peterson JR, Kadakia RJ, et al. Three-dimensional printing 
in orthopaedic surgery: current applications and future developments. J 
Am Acad Orthop Surg Glob Res Rev. 2021;5:e20.00230–11.

 [17] Alemayehu DG, Zhang Z, Tahir E, et al. Preoperative planning using 
3D printing technology in orthopedic surgery. Yang L, ed. Biomed Res 
Int. 2021;2021:7940242.

 [18] Tanji A, Nagura T, Iwamoto T, et al. Total elbow arthroplasty using an 
augmented reality–assisted surgical technique. J Shoulder Elbow Surg. 
2022;31:175–84.

 [19] Hu X, Zhong M, Lou Y, et al. Clinical application of individualized 
3D-printed navigation template to children with cubitus varus defor-
mity. J Orthop Surg Res. 2020;15:111.

 [20] Zheng W, Su J, Cai L, et al. Application of 3D-printing technology in 
the treatment of humeral intercondylar fractures. Orthop Traumatol 
Surg Res. 2018;104:83–8.


