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SUMMARY
A woman in her 70s suffered a motor vehicle accident, 
resulting in an intraarticular, distal femoral fracture 
with a unique fracture pattern. A 3D- printed model was 
obtained using the preoperative CT scan for surgical 
planning. Anatomic reduction was achieved using a 
medial parapatellar approach and the fracture was 
fixed with a medial buttress plate and interfragmentary 
screws. After 18 months, the patient presented a fair 
Knee Society Score of 62.

BACKGROUND
Distal femoral fractures are infrequent injuries 
with a prevalence of 0.5% of all fractures and 
3%–6% of adult femoral fractures.1 2 They have a 
bimodal distribution, affecting young individuals 
through high energy mechanisms and the elderly 
through low energy mechanisms. The mechanism 
of injury in most distal femoral fractures is thought 
to be axial loading with varus/valgus or rotational 
forces.3 Anatomically, the distal femur is formed 
by two condyles and a supracondylar region. The 
distal femur has a trapezoidal shape in axial view, 
with a lateral slope of 10° and a medial slope of 
25°. In the coronal plane, the anatomic lateral distal 
femoral angle measures 81°–84°.4 The distal epiph-
ysis of the femur develops at around 36 weeks of 
gestation and merges with the metaphysis at around 
14–19 years.5 Epiphysiolysis of the distal femur 
occurs at paediatric age and corresponds to about 
5% of all physical injuries, which can be compli-
cated by growth arrest, limb length discrepancy and 
angular deformities.6

The most frequently used classification is 
the Arbeitsgemeinschaft Osteosynthese/Ortho-
paedic Trauma Association, with Neer and Sein-
sheimer classifications being of historical interest 
(table 1).7–13

An article published by Xie et al in 2017 
mapped the fracture pattern of 75 Hoffa frac-
tures by CT and concluded that Hoffa fractures 
are more frequent in the middle third of the 
lateral condyle, extending from an anteroinferior 
position for posterosuperior and from anterolat-
eral for posteromedial. In order to analyse the 
fracture patterns, the authors defined two angles, 
the alpha angle was defined as the acute angle 
formed by the fracture line and the posterior 
condylar axis and the beta angle was defined as 
the acute angle formed by the fracture line and 
the posterior cortex of the distal femoral shaft.12

Unlike Hoffa fractures (table 2), reports of 
unusual distal femoral fracture patterns are 

scarce. Gahlot et al reported a case of a triplane 
fracture in a 30- year- old adult.14

There are no standardised treatment guide-
lines for distal femoral fracture as, for example, 
with fractures of the proximal femur.15 Surgical 
treatment is indicated for most intrarticular 

Table 1 A review of the classification systems for 
distal femoral fractures 8 10 11 13

AO/OTA classification8

33A Extrarticular

33B1 Sagittal plane, lateral condyle

33B2 Sagittal plane, medial condyle

33B3 Coronal plane (Hoffa)

33C1 Simple articular, simple metaphyseal

33C2 Simple articular, multifragmentary metaphyseal

33C3 Multifragmentary articular

Letenneur’s classification for Hoffa fractures10

Type I The line is vertical, parallel to the posterior femoral 
cortex

Type II Posterior to type I fractures

Type IIa The fragment is approximately 75% of the size of 
type I fractures

Type IIb The fragment is approximately 50% of the size of 
type I fractures

Type IIc The fragment is approximately 25% of the size of 
type I fractures

Type III Oblique fracture line

Li WH et al CT classification for Hoffa fractures11

Type I The fracture line divides the condylar surface into two 
fragments

Type II The fracture line divides the condylar surface into 
three fragments

Type III The fracture line divides the condylar surface into 
four or more fragments

a Anterior to the anatomical axis of the femur

b Anterior to the posterior femoral cortex and posterior 
to the femoral axis and area

c Posterior to the posterior femoral cortex

Bagaria V. et al radiological classification of Hoffa’s 
fractures13

Type 1 Size greater than 2.5 cm

Type 2 Size less than 2.5 cm

Type 3 Comminuted

Type 4a Anterior marginal

Type 4b Bicondylar

Type 4c Osteochondral

Type 4d Supracondylar extension

AO/OTA, Arbeitsgemeinschaft Osteosynthese/Orthopaedic Trauma 
Association.
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and extrarticular fractures with deviation; however, osteo-
synthesis can be hampered by the presence of thin cortical 
bone, wide spinal canal, poor bone quality, displacement of 
fracture secondary to muscle pull and fracture comminution. 
To overcome these difficulties, there has been a significant 
advance in the methods of fixation and minimally invasive 
approaches, with the latest advances being locked anatomical 
plating, retrograde nailing and distal femoral replacement. 
Retrograde nails are mainly indicated in type A and in type 
C fractures with an intrarticular line capable of undergoing 
open reduction and fixation with interfragmentary screws. 
Lateral anatomical plates are mainly indicated for types A and 
C fractures. Distal femoral replacements are used in commi-
nuted distal femoral fractures in low demand patients with 

poor bone stock. Most type B fractures can be treated with 
interfragmentary compression of the joint surface with screws 
and buttress plate.4 15 16 The main goals of surgical treatment 
of the distal femur fractures are: anatomical reduction of the 
articular surface; restoration of limb alignment and length 
and stable internal fixation that allows early mobilisation.17 18

In the following case, the authors will present an unusual, 
complex distal femoral fracture and its treatment.

CASE PRESENTATION
A woman in her 70s, previously autonomous, was admitted 
to the emergency room after a motor vehicle accident with 
trauma to the lower limbs. She presented with oedema, 

Table 2 A review of the clinical cases of Hoffa fractures in recent literature19–35

Year Title Authors Journal DOI

201919 Implant- associated Hoffa’s Fracture in a 
Floating Knee: A Case Report
and Review of Literature

Gaurav Saini¹, R K Sen¹, Anoop Kalia¹, 
Sagar Kadam¹

Journal of Orthopaedic Case 
Reports

10.13107/jocr.2250–0685.1432

201820 A Case of Distal Femur Medial Condyle Hoffa
Type II(C) Fracture Treated with Headless
Screws

Chirag Kapoor, Aditya Merh, Malkesh Shah, 
Paresh Golwala

Cureus Open Access Case 
Report

10.7759/cureus.802

201821 An attempt to treat Hoffa fractures under 
arthroscopy: A case report

Kun Xiao, Chun Chen, Jie Yang, Di Yang, 
Jiong Liu*

Chinese Journal of 
Traumatology

10.1016/j.cjtee.2018.08.004

201722 Overlooked Hoffa Fracture in a Patient With 
Neurofibromatosis- 1

Martin Missmann, MD, PhD
Karl Peter Benedetto, MD

Journal of the American 
Academy of Orthopaedic 
Surgeons

10.5435/JAAOSGlobal- D- 17–00060

201723 A rare case of Hoffa fracture combined with 
lateral patellar dislocation

Martin C. Jordan ⁎, Leonie A. Bittrich, Kai 
Fehske, Rainer H. Meffert, Hendrik Jansen

Trauma Case Reports 10.1016/j.tcr.2017.05.001

201624 A Case of Distal Femur Medial Condyle Hoffa 
Type II(C) Fracture Treated with Headless 
Screws.

Kapoor C, Merh A, Shah M, Golwala P. Cureus Open Access Case 
Report

10.7759/cureus.802

201525 Arthroscopic- assisted fixation of Hoffa fracture: 
A case report and description of technique

Anshul Goel MS, DNB, MRCS Edin, 
MNAMSa,*, Dhananjaya Sabat MS, DNB, 
MNAMSb, Pritam Agrawal MS, DNBa

Journal of Clinical 
Orthopaedics and Trauma

10.1016/j.jcot.2015.08.005

201426 Irreducible, incarcerated vertical dislocation of 
patella
into a Hoffa fracture

Prasad C Soraganvi, BS Narayan Gowda, 
Ramakanth Rajagopalakrishnan, Ashok S 
Gavaskar1

Indian Journal of Orthopaedics 10.4103/0019–5413.139883

201427 Bicondylar Hoffa’s fracture with patellar 
dislocation e a rare case

Vamsi Kondreddi a,*, Ranjith K. 
Yalamanchili b, Kopuri Ravi Kiran c

Journal of Clinical 
Orthopaedics and Trauma

10.1016/j.jcot.2014.02.001

201328 A rare case of unicondylar medial Hoffa fracture 
associated with ipsilateral vertical patella 
fracture

Amine Marzouki MD*,a, Said Zizah MDa, 
Mounir Benabid MDa, Oussama Elassil 
MDa,
Kamal Lahrach MDa, Fawzi Boutayeb PHDa

Journal of Clinical 
Orthopaedics and Trauma

10.1016 /j.jcot.2013.01.003

201329 Conjoint bicondylar Hoffa fracture in an adult Rehan Ul Haq, Prashant Modi, IK Dhammi, 
Anil K Jain, Puneet Mishra

Indian Journal of Orthopaedics 10.4103/0019–5413.111509

201330 A rare case of open bicondylar Hoffa fracture 
with extensor mechanism disruption

Sunil Gurpur Kini,1 Mrinal Sharma,2 Rajeev 
Raman3

BMJ Case Rep 10.1136/bcr- 2013–0 09 541

201231 Buttress plating for a rare case of comminuted 
medial condylar Hoffa fracture associated with 
patellar fracture.

Soni A1, Sen RK, Saini UC, Singh D, 
Chaudhary S.

Chin J Traumatol. 10.3760/cma.j.is
sn.1008–1275.2012.04.009

201132 Hoffa fracture associated with ipsilateral 
femoral shaft fracture: clinical feature and 
treatment.

Gong YB1, Li QS, Yang C, Li SQ, Liu JG, Qi X. Chin J Traumatol. 10.3760/cma.j.is
sn.1008–1275.2011.06.011

201133 A rare case of bicondylar Hoffa fracture 
associated with ipsilateral tibial spine avulsion 
and extensor mechanism disruption.

Bali K1, Mootha AK, Krishnan V, Kumar V, 
Rawall S, Goni V.

Chin J Traumatol 10.3760/cma.j.is
sn.1008–1275.2011.04.012

201034 Hoffa fracture: fixation using headless 
compression screws

V.Borse
J.Hahnel
A.Cohen

European Journal of Trauma 
and Emergency Surgery

10.1007/s00068- 010- 0014- 0

201035 Bicondylar Hoffa Fracture: Open Reduction 
Internal Fixation Using the Swashbuckler 
Approach

Aman Dua, M.S., D.N.B.,1 and Prasoon K. 
Shamshery, M.S.2

. Journal of Knee Surgery 10.1055/s- 0030- 1262319  on M
ay 22, 2023 by guest. P
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pain and deformity of the right knee, without neurovascular 
deficits.

INVESTIGATIONS
Radiological analysis revealed fracture of the right distal 
femur, with intrarticular extension (figure 1). A CT scan with 
3D reconstruction was obtained to further define the fracture, 
which presented a medial fragment, of large dimensions, with 
a fracture line that extended from the intercondylar notch to 
the medial cortex and a lateral fragment with an horizontal- 
oblique fracture line from superior- medial to inferior- lateral, 
through the epiphysial scar (figures 2 and 3). A 3D model was 
obtained to aid in preoperative planning (figure 4).

DIFFERENTIAL DIAGNOSIS
After a knee trauma, a simple contusion, ligamentous injury 
or fracture may be present. X- ray analysis was sufficient for 
the diagnosis of a distal femur fracture although insufficient 
for the characterisation of the fracture and preoperative plan-
ning. Only after the CT scan was obtained, we were able to 
appreciate the full extent of the fracture.

TREATMENT
The lower right limb was temporarily stabilised with a crurop-
odalic plastered splint and the patient hospitalised.

On the 11th day after admission, the patient underwent 
surgical treatment. The patient was placed in the supine posi-
tion, with a tourniquet on the thigh. A medial parapatellar 
approach was used. After temporary reduction with Kirshner 
wires, the lateral fragment was fixed using two interfragmen-
tary screws, from inferior- medial to superior- lateral direction, 
perpendicular to the fracture line. Initially, the preoperative 
plan was the placement of indirect, cartilage saving screws 
in the lateral fragment, perpendicular to the fracture line 

but had to be revised to a direct position due to the lack of 
adequate distal bone stock observed during surgery. Due to 
the unexpected change of plans, headless compression screws 
were not available during surgery, as such, regular compres-
sion screws were used, with the heads buried beneath the 
cartilage to prevent secondary joint damage.

The medial fragment was reduced and compressed under 
direct and radiological visualisation using pointed reduction 
forceps and fixed with a buttress plate and standard screws 
(figure 5). Intraoperative and postoperative X- ray imaging 
was obtained, confirming the reduction (figure 6). The 
usage of CT scan would be more accurate for evaluating the 
construct, but it is not routinely used at our institution.

After surgery the patient started progressive rehabilita-
tion with a mechanical splint and no weight bearing. Physio-
therapy was suspended at 2 months post operatively due to 
COVID- 19 infection.

OUTCOME AND FOLLOW-UP
After 18 months, the patient presented a fair Knee Society 
Score of 62. She presented occasional knee pain and tolerated 
weight bearing with a walking stick in the contralateral arm. 
The main limitation was due to a flexion contracture of about 
20° (figure 7).

DISCUSSION
There is no universally accepted classification for fractures 
of the distal femur, with the majority differentiating between 
extra- articular, intra- articular and isolated condylar frac-
tures. These anatomical classifications fail to describe the 
conditions associated with fractures of the distal femur, 
namely the degree of deviation, comminution, degree of joint 
involvement, soft tissue damage, neurovascular structures, 
associated fractures, the degree of osteopenia and the pres-
ence of polytrauma, factors that determine the ‘personality’ 

Figure 1 Preoperative radiography of the distal femur. Antero- 
posterior and lateral view.

Figure 2 Preoperative CT scan of the distal femur. Sagittal and axial 
view to the top. Left—coronal view. Middle—sagittal view at the level 
of the lateral fragment. Right—axial view at the level of the medial 
fracture fragment.

Figure 3 Reconstruction images to distal femoral fracture.

Figure 4 : 3D model of the distal femoral fracture obtained with 3D 
printing.
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of the fracture, which influence treatment and prognosis. 
The fracture pattern presented does not fit into any existing 
classification.

According to the AO criteria, a partial articular fracture, type 
B ‘involves part of the articular surface while the remainder 
of the joint remains intact and is solidly connected to the 
supporting metaphysis and diaphysis’ while in a complete 
articular fracture, type C ‘there is a disruption of the articular 
surface and the articular surface is completely separated from 
the diaphysis’. Based on the criteria presented, the fracture is 
classified as 33B2.3, a fragmentary, partial articular fracture, 
because of the anterior lateral articular surface segment that 
maintains continuity with the diaphysis (figure 3). However, 
given the fact that the articular surface contiguous with the 
diaphysis is small in size and does not contribute to the load 
distribution of the lower limb, it makes the fracture person-
ality similar to a fully articular, multifragmentary fracture, 
33C3.3, consisting of two large fragments: a medial frag-
ment with an oblique fracture line, equivalent to an isolated 
fracture 33B2 and a lateral Hoffa- like fragment, in the axial 
plane similar to a Salter Harris type 3 fracture in paediatric 
patients.8

Despite the similarities, the lateral fragment cannot be 
considered a true Hoffa fracture because the line is in the 
axial and not in the coronal plane. Letournel’s classification 
defines oblique features as type III Hoffa fractures; however, 
it does not classify horizontal features.10

Recently, new classifications have been proposed for 
Hoffa’s fractures, based on CT images; however, these classi-
fications also do not contemplate the existence of fractures in 
the horizontal plane.

According to Li et al classification, the lateral fragment is 
classified as I abc and although this classification is useful in 
assessing fracture comminution, it is not informative relative 
to the fracture configuration.11

According to Bagaria et al classification, the lateral frag-
ment is classified as type I, according to size, but again, the 
classification is insufficient to describe the complexity of the 
fracture.13

Applying the Xie et al mapping technique, we obtained 
an alpha angle of −28° (the results described vary between 
−8.4 and 52.7) and a beta angle of 89° (the results described 
vary between −10.8 and 58.6) (figure 8).12 Comparing the 
measurements, we confirm that the presented fracture is 
roughly parallel to the axial plane, unlike Hoffa fractures that 
are perpendicular. The fracture also presents an obliquity that 
is the reverse to the ones seen in Hoffa fractures, that is, 
the fracture extends from inferior- lateral do superior- medial, 
unlike usual Hoffa fracture lines that extend from superior- 
lateral to inferior- medial, as seen in the coronal plane.

Of the clinical cases consulted, none had similar fracture traits 
as the one presented above.14 19–35

The treatment option chosen for this case is also debat-
able. In a regular Hoffa fracture, given the considerable sheer 
forces, it is subjected to during weight bearing, we would 
consider a three- screw construct, possibly with the addition 
of a buttress plate. The lateral condylar ‘Hoffa like’ fracture is 
horizontal in nature. Most of the forces applied during weight 
bearing are compressive, as such, a two- screw construct was 
considered sufficient. The small fragment size was also a 
concern regarding the placement of a third screw. Typical 
medial compression screws were not used to fix the medial 
fragment because of concerns regarding secondary fracture 
displacement with additional compression. A locking plate 
may have provided angular stability and a stiffer construct, 
but it is not mandatory for the buttress technique.

Figure 5 Intraoperative image of the osteosynthesis. Left—axial 
view of the interfragmentary lateral screws. Right—coronal view of the 
medial buttress plate.

Figure 6 Postoperative radiography of the distal femur. Antero- 
posterior and lateral view.

Figure 7 Range of motion of the right knee at 18 months follow- up. A 
flexion contracture of around 20° is present.

Figure 8 CT scan of the distal femur angle measurements. Left—
alpha- angle of −28°. Right—beta- angle of 89°.
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Some authors advocate the use of lateral precontoured 
locking plates regardless of the fracture line, arguing in favour 
of the mechanical advantage of the devices, that provides 
angular stability and the biological advantage of using less 
invasive stabilisation systems.16 However, this position is not 
consensual. Some studies indicate that the rigid construction 
of a locked plate impairs bone consolidation causing delay of 
consolidation and non- union.36 37

In our case, the authors opted to dismiss the lateral locking 
plate for the following reasons:
1. The lateral fracture line is distal, which would compromise 

the placement of the distal screws.
2. The position of the plate would interfere with the placement 

of the interfragmentary screws necessary for fixation of the 
lateral fragment to the metaphysis of the distal femur.

3. The fracture line is perpendicular to the plate, the use of a 
rigid osteosynthesis with locking plating could impair frac-
ture consolidation.

The obtained osteosynthesis fulfilled the objectives of the 
surgical treatment. An anatomic reduction of the articular surface 
was achieved with stable internal fixation, which allowed early 
mobilisation of the limb and an acceptable functional result.16 
Nevertheless, it has to be pointed out that certain treatment 
methods should be standard in the therapy of such fractures, 
namely, the usage of headless screws, intraoperative 3D imaging 
and postoperative CT scan to evaluate fracture reduction and 
implant placement.38 39

In conclusion, fractures of the distal femur can be complex 
and difficult to manage. The currently available classifications 
are insufficient to describe the complexity of the patterns found 
in clinical practice, and the surgical techniques currently used 
are unable to overcome all the problems associated with these 
fractures. More research is needed to evaluate the best treatment 
options and standardise patient care.

Patient’s perspective

I am pleased to be able to do my daily life with the help of my 
family and my walking cane.

Learning points

 ► Distal femoral fractures may be a surgical challenge as the 
fracture patterns are diverse.

 ► Parapatellar approach is a good alternative for complex 
intraarticular fractures as it allows good visualisation of the 
fracture and enables anatomic reduction.

 ► 3D modelling of the fracture pattern may aid in the 
preoperative planning.

 ► Even after obtaining anatomic reduction, full recovery of the 
limb function may not be achieved.

 ► The usage of headless screws, intraoperative 3D imaging and 
postoperative CT scan to evaluate fracture reduction and 
implant placement should be standard in the therapy of such 
fractures.
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