
correct the deformity and optimize patient outcomes7. 
Therefore, the surgical procedure should be planned 
preoperatively based on a computed tomography 
(CT) scan to appropriately evaluate the fracture’s 
characteristics. In addition, custom-made personalized 
cutting guides could also be used to achieve accurate 
results and minimize complications8.

MATERIALS AND METHODS

In 2016 a 26-year-old man with a free medical history 
and no previous surgical procedures was involved in a 
motorcycle accident resulting in an open distal femoral 
fracture of his right leg associated with ipsilateral radial 
and ulnar fractures. He was initially treated in another 
institution, with an internal two-plate osteosynthesis 
for his forearm and by skeletal traction, followed after 
two months by an open reduction and internal fixation 
for his femoral fracture. A CT scan was performed to 
template the definitive treatment, and a supracondylar 
locking plate was used for fracture fixation. Due to the 
comminution of the fracture, full weight bearing was 
authorized only six months after the fracture. However, 
a length leg discrepancy (LLD) was observed, in-
fluencing the gait negatively and necessitating a cane 
during the walking. 

The patient presented to our institution approximately 
twelve months after femoral osteosynthesis, com-
plaining of stiffness and inability to walk due to LLD. 
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Multidirectional distal femoral malunion and limb shortening lead to functional deficit and decreased quality of life. 
A corrective osteotomy might be necessary to cope with these issues. The inception of computer-assisted planification 
and the introduction of patient-specific instrumentation based on 3D printing technology with personalized osteotomy 
guides provide high correction accuracy, effectiveness, time-saving, and reduce potential complications. The present 
study describes a case of correction osteotomy using this procedure in a young patient with multidirectional malunion 
who recovered from a painful joint with functional limitations at a two-year follow-up.

Keywords: personalized osteotomy guides, femoral malunion, 3D-printing, patient-specific instrumentation

INTRODUCTION

Distal femoral fractures are challenging injuries 
accounting for less than 1% of all fractures and only 
3 to 6% of all femoral fractures1. They are associated 
with high-energy trauma in young patients while 
with a low-energy mechanism in the elderly2. Open 
and comminuted fractures are often associated with 
multiple life-threatening injuries and limb deformities, 
including malalignment, malrotation, and leg length 
discrepancy. The conservative treatment is applied 
only in patients with non-displaced fractures, with 
significant risks in case of surgical intervention and non-
ambulatory preinjury status. It includes immobilization 
with splints, casts, and skin or skeletal traction3. 

However, operative management is still the gold 
standard, and several fixation methods have been 
described, such as external fixation, open reduction and 
internal fixation (ORIF), and nailing4. Nonetheless, an 
intraarticular fracture extension indicates plate fixation 
for better reduction5. Indeed, non-anatomical reduction 
and comminution are related to fracture malunion, 
most often in a varus and hyperextended position, and 
limb shortening6.  

For fracture malunion, the patients should be 
treated operatively through corrective osteotomy. 
Nevertheless, this can be challenging, especially if 
malunion requires correction in multiple planes, and 
meticulous preoperative planning is necessary to 
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RESULTS

The surgical procedure started with the easy removal of 
the existing plate through a lateral approach using the 
same incision from the former procedure. Afterward, 
the personalized osteotomy guide was placed and 
stabilized using multiple Kirschner wires (Fig. 5a-
5b). An oscillating saw blade performed the biplanar 
osteotomy according to the surgical planification 
(Fig. 6). Next, lyophilized bone grafts filled the 
osteotomy site, and an eleven-hole distal femoral 
Locking Compression Plate (LCP) (DePuy-Synthes, 
Zuchwil, Switzerland) was applied to stabilize it 
(Fig. 7). Physiotherapy was prescribed and undergone 
daily immediately after surgery. A full range of motion 
was authorized with a non-weight-bearing period of 6 
weeks.

The physical examination revealed a decreased range 
of motion (ROM) measured in flexion to extension as 
90-0-0 and laxity of the medial collateral ligament. 
Radiological evaluation was performed using x-rays, 
CT scans, and a scanogram (Fig. 1). They showed an 
irregular bone consolidation with many bridges and 
sclerotic margins, an intraarticular protrusion of one 
distal plate screw, and a length leg discrepancy of 4 
cm with a pelvic tilt to the right side of 2 cm. Further 
radiological analysis highlights a malunion with the 
lateral condyle flattened on the anterior side (Fig. 2). 
Consequently, the authors decided to use personalized 
3D osteotomy guides for a correction osteotomy. 
Surgical planification was performed using the Mimics 
software (Materialise N.V., Leuven, Belgium) software 
and consisted of a biplanar distal femoral osteotomy 
(Fig. 3-4). 

Fig. 1. — X-rays demonstrated femoral osteosynthesis one year 
after the initial trauma.

Fig. 2. — Three-dimensional computed tomography model 
visualizing femoral malunion.

Fig. 3. — Planification of the osteotomy as shown by the
lateral, anterior, and posterior views.

Fig. 4. — Preoperative condition of the femur and
planned outcome.

Figure Captions  

Fig. 1 X-rays demonstrated femoral osteosynthesis one year after the initial trauma 

Fig. 2 Three-dimensional computed tomography model visualizing femoral malunion 

Fig. 3 Planification of the osteotomy as shown by the lateral, anterior, and posterior views 

Fig. 4 Preoperative condition of the femur and planned outcome 

Fig. 5a-5b The personalized osteotomy guide is placed on the bone surface 

Fig. 6 The biplanar femoral osteotomy was performed 

Fig. 7 Radiological evaluation of the result at two-year follow-up 
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of 2cm of the right lower limb persisted and was 
corrected with orthopedic shoes with a heel. 

DISCUSSION

The most important finding of the current study was 
that osteotomy using personalized guides is an accurate, 
feasible, and safe procedure to treat distal femoral 
malunion with good clinical and radiological outcomes 
at a two-year follow-up.

Generally, distal femoral fractures are challenging 
injuries that usually need to be treated surgically with 
ORIF. The main goal of the treatment is to restore limb 
alignment and intraarticular congruity, both crucial 
for successful outcomes. However, initial stabilization 
using an external fixator or skeletal traction is also used 
in open fractures with severe soft tissue involvement, 
followed by a conversion into ORIF when possible9,10. 
Comminution is another critical issue for such frac-
tures, which may lead to malunion and, or leg length 
discrepancy (LLD). In most cases, malunion is a varus 
deformity in the coronal plane and a recurvatum in the 
sagittal plane11. Restoring this malalignment, usually by 
femoral osteotomy, is essential as it is related to patient 
dysfunction and leads to secondary osteoarthritis12,13. 

This challenging and demanding procedure necessi-
tates meticulous preoperative planning, particularly 
in the presence of multiplanar deformities. Therefore, 
radiological evaluation is fundamental; Computed 
tomography is mandatory as it allows a three-
dimensional modelization of the bone, helping to 

At two years of follow-up, the patient presented 
a stable knee with full extension and 115 degrees of 
flexion. Consolidation was acquired, axial realignment 
achieved, and rotation regained. However, a shortening 

5a

Fig. 5a-5b. — The personalized osteotomy guide is placed on the 
bone surface.

Fig. 6. — The biplanar femoral osteotomy was performed.

Fig. 7 Radiological evaluation of the result at two-year follow-up.

 
Fig. 5b 

 
Fig. 6 

  

Fig. 4 

 
Fig. 5a 5b

 
Fig. 5b 

 
Fig. 6 

 
Fig. 7 



612 

Theofylaktos Kyriakidis, Ambre Lucidi, Charalampos Pitsilos, René Verdonk

REFERENCES
1. Court-Brown CM, Caesar B. Epidemiology of adult fractures: 

A review. Injury. 2006;37(8):691-7.
2. Martinet O, Cordey J, Harder Y, Maier A, Bühler M, Barraud 

GE. The epidemiology of fractures of the distal femur. Injury. 
2000;31 Suppl 3:C62-3.

3. Gangavalli AK, Nwachuku CO. Management of Distal Femur 
Fractures in Adults: An Overview of Options. Orthop Clin 
North Am. 2016;47(1):85-96.

4. Briffa N, Karthickeyan R, Jacob J, Khaleel A. Comminuted 
supracondylar femoral fractures: a biomechanical analysis 
comparing the stability of medial versus lateral plating in 
axial loading. Strategies in trauma and limb reconstruction. 
2016;11(3):187-91.

5. Link BC, Babst R. Current concepts in fractures of the distal 
femur. Acta Chir Orthop Traumatol Cech. 2012;79(1):11-20.

6. Zehntner MK, Marchesi DG, Burch H, Ganz R. Alignment 
of supracondylar/intercondylar fractures of the femur after 
internal fixation by AO/ASIF technique. J Orthop Trauma. 
1992;6(3):318-26.

7. Chiodo CP, Jupiter JB, Alvarez G, Chandler HP. Oblique 
osteotomy for multiplanar correction of malunions of the 
femoral shaft. Clin Orthop Relat Res. 2003(406):185-94.

8. Chai W, Xu M, Zhang G-q, Zhang L-h, Gou W-l, Ni M, et al. 
Computer-aided design and custom-made guide in corrective 
osteotomy for complex femoral deformity. Journal of Huazhong 
University of Science and Technology [Medical Sciences]. 
2013;33(3):398-405.

9. Erdem Y, Neyisci C, Koca K, Ersen O, Bek D. Is staged 
management with immediate conversion of external fixation 
to retrograde intramedullary nailing for combat-related Gustilo 
Type III supracondylar femur fractures safe and reliable 
method? Injury. 2019;50(3):764-9.

10. Dugan TR, Hubert MG, Siska PA, Pape HC, Tarkin IS. 
Open supracondylar femur fractures with bone loss in the 
polytraumatized patient - Timing is everything! Injury. 2013; 
44(12):1826-31.

11. Wu CC. Femoral supracondylar malunions with varus medial 
condyle and shortening. Clin Orthop Relat Res. 2007;456:226-
32.

12. Hazratwala K, Matthews B, Wilkinson M, Barroso-Rosa 
S. Total knee arthroplasty in patients with extra-articular 
deformity. Arthroplasty Today. 2016;2(1):26-36.

13. Saito S, Tokuhashi Y, Ishii T, Mori S, Hosaka K, Ishigami H. 
Femoral corrective osteotomy for malunited supracondylar 
femoral fracture after TKA in a patient with rheumatoid 
arthritis. Orthopedics. 2010;33(12):922.

14. Roth T, Carrillo F, Wieczorek M, Ceschi G, Esfandiari H, Sutter 
R, et al. Three-dimensional preoperative planning in the weight-
bearing state: validation and clinical evaluation. Insights into 
Imaging. 2021;12(1):44.

15. Wong KC. 3D-printed patient-specific applications in ortho-
pedics. Orthopedic research and reviews. 2016;8:57-66.

16. Saka N, Watanabe Y, Sasaki G, Kawano H. Corrective Intra-
Articular Osteotomy Using a 3D-Printed Model and Induced 
Membrane Technique for AO/OTA C3 Distal Femur Fracture 
with Articular Malunion and Metaphyseal Nonunion. Case Rep 
Orthop. 2020;2020:1250231.

17. Sun L, Liu H, Xu C, Yan B, Yue H, Wang P. 3D printed 
navigation template-guided minimally invasive percutaneous 
plate osteosynthesis for distal femoral fracture: A retrospective 
cohort study. Injury. 2020;51(2):436-42.

18. Oraa J, Beitia M, Fiz N, González S, Sánchez X, Delgado D, et 
al. Custom 3D-Printed Cutting Guides for Femoral Osteotomy 
in Rotational Malalignment Due to Diaphyseal Fractures: 
Surgical Technique and Case Series. J Clin Med. 2021;10(15).

understand the deformation and accordingly to plan 
and perform the osteotomy more accurately14,15. 

Further, personalized osteotomy guides have been 
recently proposed to provide better functional out-
comes. Indeed, Saka et al.16 performed a corrective 
intraarticular osteotomy for an articular malunited 
distal femur fracture using a 3D-printed model and 
concluded that this method is helpful for the planning 
and evaluating the osteotomy. Sun et al.17 reported using 
3D-printed navigation templates during minimally 
invasive percutaneous plate osteosynthesis of complex 
distal femoral fractures. They highlighted the improved 
surgical accuracy and the elimination of rotational 
deformity compared to the conventional technique. 
Oraa et al.18 used customized 3D-printed cutting 
guides to correct the rotational deformity secondary to 
malunited closed femoral shaft fractures in six patients. 
They performed a derotational osteotomy and achieved 
a normalized anteversion angle of the femur. 

In the present case, a 3D-printed personalized osteo-
tomy guide was used to address a complex multiplanar 
post-traumatic femoral deformity. The main goal of the 
surgical procedure was to restore anatomical alignment 
and improve knee function. The surgical result was 
optimal, with the patient being highly satisfied. Complex 
osteotomy cases could benefit from this technology; 
however, the economic aspect may be challenging or 
even prohibitive for the involved hospitals.

CONCLUSION

3D printing technology and personalized osteotomies 
guides provide high correction accuracy in the case of 
multidirectional malunions. At the same time, it reduces 
surgical time and potential complications. Thus, it 
should be part of the possible treatment options.
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