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Abstract

Hoffa fracture is an extremely rare injury of one or two condyles of the femur in the frontal plane, more often associated
with injury to other structures of the knee joint area. The main cause of the Hoffa fracture is considered to be a high-energy
injury (road accident — in 80.5% of cases). The isolated Hoffa fracture accounts for 0.65% of all femoral fractures. To date,
there is no consensus on surgical approach or optimal technique of internal fixation for the frontal fracture of the femoral
condyles. There is also a large percentage of mistakes in the X-ray diagnosis of this pathology. The existing classifications
have not found wide application in clinical practice, being difficult and inapplicable for solving the issue of treatment tactics
and preoperative planning. The aim of the study is to present modern views on the diagnosis, principles and techniques
of surgical treatment of patients with the Hoffa fractures based on the analysis of the literature. Based on the analyzed
literature, conclusions are drawn about the need for careful collection of injury anamnesis, increased surgeon caution in the
presence of this injury clinical picture and the simultaneous absence of pathology on standard knee joint X-rays, the need
to perform an additional examination in the form of lateral (non-standard) projections of the knee joint X-rays, CT or MRI.
During preoperative planning, preference should be given to minimally invasive technologies, including arthroscopically-
associated methods of treatment.

Keywords: Hoffa fracture, frontal femoral condyle fracture, hidden fracture.

Funding: no funding or sponsorship was received for this study.

Cite as: Shinkevich A.E., Khominets V.V., Abolin A.B., Kulik N.G., Kotov V.I. [Hoffa: Review]. Travmatologiya
i ortopediya Rossii [Traumatology and Orthopedics of Russia]. 2021;27(3):162-172. (In Russian).
https://doi.org/10.21823/2311-2905-2021-27-3-162-172.

DAL Viadimir V. Khominets; e-mail: khominets_62@mail.ru
Received: 29.07.2021. Accepted for publication: 24.09.2021.

© Shinkevich A.E., Khominets V.V., Abolin A.B., Kulik N.G., Kotov V.I., 2021

162 2021;27(3) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA


https://crossmark.crossref.org/dialog/?doi=10.21823/2311-2905-2021-27-3-162-172&domain=PDF&date_stamp=2021-10-28

REVIEWS

0630pHast CTaThst [@)ey ]

VIK 616.718.46-001.5
https://doi.org/10.21823/2311-2905-2021-27-3-162-172

Mepenom lodda: 0630p MHOCTpaHHONU NUTEpATYPDI
A.E. lllnukeBnu !, B.B. Xomuuen?, A.b. A6omuu b2, H.I'. Kynuk >3, B.1. KotoB>?

L CII6 TFY3 «EnuzagemuHckas 6onsHuya», 2. Cankm-Ilemep6ype, Poccus
2 @I'b BOY BO «BoeHHo-meduyunckas akademus um. C.M. Kuposa» MO P®, 2. Cankm-ITemep6ype, Poccus
3 CII6 TFY3 «I'opoockas 6onvHuya N° 15», 2. Cankm-Ilemep6ype, Poccus

Pedepar

Iepenom T'odda (III) — 3TO KpaitHe penKas TpaBMa OZHOTO MM IBYX MBIIEIKOB 6eqpeHHOoi KOCTH BO (GPOHTATbHOI
IJIOCKOCTH, Yallle acCOIMMUPOBAHHAS C MOBPEXKIEHNEM APYIUX CTPYKTYP 06/aCT KOJIeHHOro cyctaBa. OCHOBHOI MpH-
yuHOi I1I' cumTaeTcsl BbICOKOIHEpreTuueckas TpaBma. Ha moiio msonupoBaHHoro rnepeioma F'obda nmpuxomurcs 0,65%
BCeX IMepesioMoB GepeHHO KocTu. Ha ceromHsIIHUI AeHb HE CYIIEeCTBYET €IMHOI0 MHEHUS O XUPYPIUIECKOM JTOCTYIIe
MY OTITUMAJIbHOI TeXHMKEe BHyTpeHHelt pukcaiiuy npyu GpoHTaTbHOM IepeioMe MbIIIeIKOB 6epeHHoit KocTu. Takxke
CYILIECTBYET OOJBIION MPOLEHT OMMOOK MPU PEHTIeHOJIOIMYECKOl OMAarHOCTUKe MaHHOM matosoruu. CyllecTByooume
KIaccubuUKay He HalluIy MIYPOKOTO IMPYMeHEHUS B KIIVMHUYECKOH MPaKTHUKe, SIBJSSICh IPOMO3IKMMMU M HETTPUMEHVMBbI-
MU JJISI pellieHsI BOITPOCa O TaKTHKe JIeUeHMS U IPeIoTepaliMOHHOr0 ItaHupoBaums. Llesb 0630pa — Ha OCHOBaHMM aHa-
Ji3a INTepaTypbl IPeACTaBUTh COBpeMeHHbIe B3IJISIAbI Ha IMarHOCTUKY, IPUHLIUIIBI U TEXHUKY XUPYPTUUECKOTO JIeueHUsT
nauyeHToB ¢ nepesomamu I'odda. Ha ocHOBe aHanm3a auTepaTyphl cllefaHbl BbIBOAbI O HEOOXOAMMOCTY TIIATEIbHOTO
c6opa aHaMHe3a TPaBMbI, ITOBBIMIEHHO HACTOPOKEHHOCTY XUPYpPTa MPY HATUYUY KIMHNYECKOV KapTUHBI JaHHOTO I10-
BPEXIEHUS U OJHOBPEMEHHOI'O OTCYTCTBMS MATOJIOTMY HA CTAHIAPTHBIX PEHTTeHOTpaMMaX KOJIEHHOTO CyCcTaBa, Heo6-
XOIMMOCTY BBITIOJHSITh TOTIOJIHUTENIbHOE 06C/IeoOBaHMe B BuIe O0KOBBIX (HECTaHAAPTHBIX) TIPOEKIMit peHTreHoTrpadum
koneHHoro cycraBa, CKT unu MPT. Bo Bpems mpefornepalnOHHOTO TJIaHMPOBAaHUS ClefyeT OTHABaTh MpenrnouyTeHue
MaJIOMHBA3UBHBIM TEXHOJIOTUSIM, B TOM UMCJIe apTPOCKONMMYECKM-aCCOLMUMPOBAHHBIM MeTOAaM JieueHMs.

Kimouesble cmoBa: mepeyiom l'odda, GpoHTaIbHBIN TepeioM Mbllie/ika 6eJpeHHOI KOCTH, CKPBIThIN ITepeioM.

HcTrounuk bvHaAHCHMPOBAHUA: MCCIEIOBAHME TTPOBEIEHO 63 CIIOHCOPCKOI TTOIEPSKKH.
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Background

Hoffa fracture (HF) is a rare injury to one or both
femoral condyles in the frontal plane. The frac-
ture was first described by Albert Hoffa in 1904,
but the general recognition of this pathology by
the orthopedic community came in the 1970s af-
ter the appearance of J. Letenneur's classification
of frontal femoral fractures [1] and its publica-
tion in the 2™ edition of the Manual of Internal
Fixation [2].

HF is often associated with multiple high-en-
ergy injuries of the knee joint area [3]. Therefore,
according to S. Pathak et al., it is sometimes not
diagnosed during routine research [4]. Based on
the insignificant frequency (on average, isolated
HF occurs in 0.007% of all bone injuries), stud-
ies on this injury are relatively few represented
in the scientific literature. Thus, O. Martinet et al.
believe that the share of all fractures of the dis-
tal femur accounts for 6%, and HF, according to
Y. Zhou et al. account for only 8.7-13.0% of in-
tra- and periarticular injuries [5, 6]. However, the
results of a retrospective study performed by S.E.
Nork et al. showed that, out of 220 cases of supra-
and transcondylar femoral fractures, associated
HF was detected in 38.1%, but isolated HF was di-
agnosed in only 0.65% of all femoral fractures [3].

M. Manfredini et al. showed that due to the
anatomical features of the region, a fracture of
the lateral condyle occurs in 78-87% of HF: phys-
iological valgus of the distal femur leads to the
primary involvement of its external part in the
structure of the injury [7]. According to the re-
search of B. Harna et al., bicondylar HF is more
common in the children's age group [8].

Most researchers consider high-energy trau-
ma to be the main cause of HF in young people
(road accidents, including motorcycle injury -
80.5%, catatrauma — 9.1%), with an average age
of 42.8 years, men of working age twice prevail
[6]. In elderly people and patients with severe
osteoporosis, this injury is more often caused by
low-energy trauma. In addition, Y. Zhou and S.E.
Nork et al. investigated the causes and nature of
iatrogenic HF [4, 6].

According to J.-S. Bel et al., in 95% of cases of
HF, a decision is made on surgical treatment [9].
Surgical treatment is also recommended for HF
without displacement of fragments due to the
high risk of secondary displacement, non-union,
development of post-traumatic osteoarthritis,

contractures and other complications, while
there is currently no consensus on surgical ap-
proaches and optimal technique of internal fixa-
tion [10].

It should be noted a large percentage of mis-
takes in the diagnosis: according to W. Mak et
al., with standard radiography of the knee joint
in two projections (direct and lateral), the correct
diagnosis is established in less than 70% of cas-
es, so many researchers classify HF as a "hidden
fracture” [11].

The purpose of the review is to present modern
views on the diagnosis, principles and techniques
of surgical treatment of patients with HF based
on the analysis of the literature.

Diagnostic features

HF without displacement are usually difficult to
diagnose from radiographs made in standard pro-
jections, because the fracture line is overlapped
by the lateral condyle. The latter, according to M.
Manfredini et al., leads to wrong radiological con-
clusions in 30% of cases [7]. Radiography should
include a straight, lateral, internal or external
oblique projection (if injury to the lateral or me-
dial condyle is suspected, respectively). Also,
when detecting hemarthrosis and severe pain
syndrome, it is necessary to suspect a "hidden"
fracture of the knee joint area, which, according
to J.S. Apple et al., turns out to be HF in 14% of
cases [12]. Computed tomography (CT) remains
the gold standard for the diagnosis of intra-ar-
ticular fractures, and in the case of HF, CT allows
you to determine the presence of fracture and its
nature, the degree of displacement and the loca-
tion of the fracture line relative to soft tissues.
This makes it possible to adequately classify this
injury and determine further treatment tactics
[13]. According to S.E. Nork et al., among 102 pa-
tients who underwent CT, HF was diagnosed in
47. In the control group of 100 patients who did
not undergo CT, the injury in question was de-
tected only in 29% — 1.5 times less often [3].

In connection with the above, A.M. Wagih
considers it necessary to increase the alertness of
orthopedic surgeons to potential HF. In his opin-
ion, in such patients anamnesis and the mecha-
nism of injury must carefully collected. Most of
the patients note instability of the knee joint in
the 30 ° flexion position, but with full extension,
instability is not determined. With timely undi-
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agnosed HF, patients will experience pain and re-
stricted movement in the knee joint, followed by
the development of post-traumatic osteoarthritis
[14].

An analysis of the literature shows the need
for a thorough clinical examination of a patient
with knee joint injuries, the appointment of more
complex studies (CT and MRI) in any doubtful
cases, especially taking into account the careful
collection of anamnesis and understanding of
the injury mechanism.

Mechanism of injury

The most common cause of high-energy injuries
in the modern world remain road accidents. Y.
Zhou et al. described in detail the mechanism of
injury that leads to HF during an accident: dur-
ing collision on a knee bent at 90 degrees, a large
inertial force causes a shock load in the direction
from the proximal femur to the condyles of the
lower leg. At the same time, the braking force
creates high shear forces between the femoral
condyles and the tibial plateau, which leads to
the displacement of the femoral condyle in the
ascending direction, as well as ruptures of the
quadriceps tendon, its own patellar ligament, se-
vere dislocations of the lower leg and other in-
juries. Depending on the valgus or varus direc-
tion of the axial force, fractures of the lateral or
medial femoral condyle occur, and two-condyle
injuries are possible [6].

Low-energy fractures of the femoral condyles
were studied by A.K. Mootha et al.: in addition
to elderly people and patients with severe osteo-
porosis, HF occur in patients who have had polio
and have long-term consequences in the form
of paresis of the lower extremities, as well as in
cases of bone hypoplasia or some metabolic dis-
orders [15].

The main cause of iatrogenic HF is considered
by B.C. Werner and M.D. Miller to be incorrect
surgical interventions during the reconstruction
of the anterior cruciate ligament (ACL) [16]. The
most common surgical mistake during surgery is
the incorrect formation of the bone canal in the
lateral femoral condyle, which causes up to 70%
of the unsatisfactory results of the ACL recon-
struction . J.P. Rue et al. came to the conclusion
that when the femoral canal is formed too close
to the posterior edge of the articular surface, ten-
don conduction, as well as its fixation with an in-

terference screw, can lead to a fracture [17]. The
same conclusions were reached by T.S. Wilson
et al., considering intraoperative destruction of
the posterior wall of the canal as a technical er-
ror of the operative technique [18]. Both groups
of researchers calculated that the bone canal for
grafting and fixing with a screw with a diameter
of more than 20% of the total diameter of the fe-
mur reduces bone strength by more than 2 times.
Therefore, the formation of a bone canal of more
than 10 mm is always accompanied by a risk of
fracture, especially in delicate patients. A single
case of stress fracture of the proximal femur to
the formed canal 8 months after surgery has also
been described [18].

Based on the specific mechanism of this inju-
ry, increased alertness of the doctor is necessary
when examining and collecting anamnesis in pa-
tients with suspected HF. The described clinical
picture, the specific mechanism of injury of the
knee joint, located at a certain angle at the time
of exposure to it, both in young people and in
elderly patients, are indications for the appoint-
ment of radiography in atypical planes, CT and
MRI of the knee joint to exclude HF.

Classifications

Currently, several classifications of HF are
known: the first and most famous among for-
eign surgeons is the classification of ]. Letenneur
(1978), the classification of W.H. Li (2013), V.
Bagaria (2019), the classification of AO with ad-
ditions (2018) [1, 19, 20, 21 22].

J. Letenneur divided HF into three types. Type
I (the most common): the fracture line runs par-
allel to the posterior cortical layer of the femur
with the involvement of the entire condyle. Often,
the fracture line is located at the site of attach-
ment of the ACL and lateral collateral ligament
(LCL) to the femur, while the tendon of the pop-
liteus muscle (TPM) and the lateral head of the
gastrocnemius muscle (LHGM) remain attached
to the distal fragment. Type II: the fracture line
is located posteriorly and parallel to the poste-
rior cortical layer of the femur, also posteriorly
from the attachment of the LCL; it is divided into
3 subtypes depending on the attachment of soft
tissues to the fragment. The fragments located
behind the dotted line "a" retain the attachment
of the TPM and LHGM. The fragments located be-
hind the dotted line "b" retain partial attachment
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of the TPM or LHGM. There is no attachment
of soft tissues to the fracture fragments located
behind the dotted line "c". Type III: oblique frac-
ture of the femoral condyle involving the entire
condyle with a fracture line located anteriorly
from the joint capsule, ACL, LCL, TPM and LHGM
(Fig. 1).

In fractures of types I and III, the prognosis is
favorable, because soft tissues retain attachment to
fragments, thereby providing sufficient blood sup-
ply to the fracture area. With type II injuries, there
is a high risk of non-union and avascular necrosis
due to poor blood supply (intra-articular fracture
with the formation of a free intra-articular frag-
ment) [1].

W.H. Li et al. improved the Letenneur classifi-
cation in 2013. After additional CT imaging, two
lines are drawn in the sagittal plane of the thigh:
the first is the anatomical axis of the thigh, the
second is parallel to the axis of the thigh, and the
third line is drawn along the posterior cortical lay-
er of the femur. Thus, the distal femur is divided
into three parts [19]. However, due to the suffi-
cient complexity, this classification has not been
widely recognized in the scientific literature and
is mentioned only in the work of Y. Zhou et al. [6].

According to the AO classification, HF are clas-
sified as 33-B2 and 33-B3 [21]. However, due to ex-
cessive generalization, A. Dua and R. Shamshery
consider it impossible to use this classification
for preoperative planning. The researchers pro-
posed an addition to the AO classification (2010),
identifying 4 subtypes of HF, and tried to adapt
the classification to select the type of fixation.
The proposed clarifications are based on the lo-
cation of the fracture line and combined injuries
of the distal femur. Type I is characterized by an
isolated frontal fracture of one condyle, while

Type la

Type lab

Fig. 1. Letenneur’s classification (1978) [1]

the authors consider it sufficient to fix such in-
jury with two or three spongy screws carried out
in the anteroposterior direction. Type II, in which
both condyles of the femur are involved, requires
fixing both condyles with screws, also in the an-
teroposterior direction. In these cases, if the line
of one of the fractures is proximal to the other, a
medial or lateral buttress plate is required. Type
I1I is a single-condylar HF with associated supra-
condylar fracture, type IV is a single-condylar HF
with a comminuted intraarticular fracture of the
distal femur in other planes. In case of injuries of
types III and IV, osteosynthesis of the fracture is
performed similarly to isolated HF with additional
fixation of the concomitant fracture with a but-
tress plate [22].

V. Bagaria et al. identified 4 types of HF in 2019:
type 1 — all frontal fractures with a fragment of
more than 2.5 cm coming from the posterior edge
of the condyle, type 2 — a fragment of less than
2.5 cm, type 3 — a comminuted fracture of one con-
dyle, 4a — a frontal fracture of the anterior femoral
condyle, 4b — a bicondylar fracture, 4c — an osteo-
chondral fracture, 4d - HF associated with a supra-
condylar fracture [20] (Fig. 2). Depending on the
type of fracture, the tactics of surgical treatment
are determined, i.e. in type I, it is recommended to
carry out spongy screws in the anterior-posterior
direction (hereinafter A-P), type II — carrying out
spongy screws in the posterior-anterior (herein-
after P-A), type III — carrying out spongy screws
with additional fixation with a buttress plate; 4a
- fixing screws in the direction A-P, 4b — tactics is
determined depending on the size of the fragment
and the nature of the fracture, 4c — fixing with a
Herbert screw or biodegradable screws, 4d — fix-
ing with spongy screws with additional fixation by
locking plate for the distal femur (Fig. 3).

Type lIbb Type llbc Type lllabc
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Type 4A Type 4B

Fig. 2. Classification of V. Bagaria et al. (2019)

Type 4A

Type 4B Type 4C Type 4D

Fig. 3. Osteosynthesis with screws and plate
for all types of the Hoffa fracture

The determination of the size of the fragment
is 2.5 cm due to the average value of the com-
pression ability of spongy screws with a thread
length of 16 mm.

The classification is based on a retrospective
analysis of 30 cases of HF in the period 2013-
2017, as well as 77 studies that meet the require-
ments of “Hoffa's fracture”, "coronal fracture”,
"osteochondral fracture distal femur", "Letenneur
classification", describing 412 cases of HF. The
main goal of the authors was the convenience
and universality of classification for preoperative
planning. Assessment of the perception of clas-
sification was carried out by six independent sur-
geons. As a result, the kappa Cohen consistency
coefficient reached 1, which means a complete
match, the so-called the consent of experts in the
study of the material [20]. The classification was
published relatively recently — in 2019, which is

probably why it has not yet found wide applica-
tion among surgeons. Nevertheless, it seems to
be quite universal and convenient for the unifi-
cation of fractures and the definition of surgical
treatment tactics.

Currently, the Letenneur classification re-
mains the most frequently mentioned among
foreign surgeons and appears in all the articles
studied, but it does not meet the criteria neces-
sary for preoperative planning, it is cumbersome.
An increase in interest in this pathology and the
emergence of new, including improved classifica-
tions based on CT imaging, may gradually lead
to a decrease in the popularity of the Letenneur
classification, leaving it only as the historically
most well-known.

Features of treatment

A. Dua and P. Shamshery perform conservative
treatment for HF without displacement of frag-
ments: immobilization is carried out in the av-
erage physiological position of the knee joint
(flexion 20-35°). Also, conservative treatment of
a bicondylar HF is possible using skeletal traction
carried out through the tuberosity of the tibia.
However, in most cases, secondary displacement,
joint contracture and early development of oste-
oarthritis are observed [22]. Therefore, the over-
whelming number of researchers are inclined to
early internal fixation of this injury.

Surgical approaches

The choice of surgical approach depends on the lo-
cation and nature of the fracture, but there are no
generally accepted recommendations [6, 13]. Most
authors use standard lateral and lateral parapatellar
approaches when the lateral condyle is damaged.
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Some authors believe that combined lateral
parapatellar approach with Gerdy tubercle os-
teotomy provides the most adequate visualiza-
tion for bicondylar HF. A skin incision is made
from the middle of the lateral condyle of the fe-
mur along the iliotibial tract, not reaching 2 cm
to the tuberosity of the tibia, passing between
the Gerdy tubercle and the anterior edge of the
fibular head; skin, soft tissues are mobilized, the
Gerdy tubercle is released. Osteotomy of the an-
terior part of the tubercle is approximately 10
mm wide, 20 mm long and 7-10 mm with the
place of attachment of the iliotibial tract, which
is diverted in the proximal direction. The m. bi-
ceps, LCL, popliteus muscle, posterolateral joint
capsule, posterior horn of the lateral meniscus
are visualized [23, 24, 25].

With a medial fracture of the femoral condyle,
medial parapatellar approach is more often used.
In addition, D.G. Viskonas et al. describe medial
"subvastus" access. The researchers consider the
advantages of the latter to be the preservation of
the quadriceps femoral muscle, good visualiza-
tion of the patellofemoral ligament with its sub-
sequent anatomical restoration, preservation of
the medial superior knee artery, which reduces the
risk of avascular necrosis and non-union [26].

To fix fractures of the external condyle at the
end of the last century (1999), a modified ante-
rolateral "swashbuckler" ("hooligan") access was
described: a lateral approach located between
the lateral patellofemoral ligamnet and M. vastus
lateralis. A parapatellar arthrotomy is performed,
m. quadriceps with the patella are removed me-
dially, which allows you to visualize almost the
entire articular surface of the distal femur. The
advantage of approach is its location: the skin
incision does not interfere with subsequent ap-
proach during knee arthroplasty [27].

In some cases, technically more complex ap-
proaches are also offered. Thus, Y. Tan et al. de-
scribe a variant of posterolateral approach start-
ing from the space between the N. peroneal and
biceps femoris muscle [28]. M. Gao et al. propose
a minimally invasive posteromedial approach
that begins between M. gracilis, the medial head
of m. gastrocnemius and the medial collateral
ligament [29].

W. Orapiriyakul et al. conducted a large study
on cadaveric material based on the Letenneur
classification, as a result of which the follow-

ing data were obtained. With HF of the medial
condyle with a distal fracture fragment of less
than 18.3% of the length of the medial condyle
in the anteroposterior direction and a fragment
of less than 10.1%, similarly for the lateral con-
dyle, parapatellar approaches incompletely vis-
ualize the fracture zone, which corresponds to
type II according to the Letenneur classification.
However, with a fragment of more than 28.7% for
the medial condyle and more than 19.9% for the
lateral condyle, parapatellar approaches are rec-
ommended. Direct posteromedial and postero-
lateral approaches are recommended in the case
of fragments less than 28.7% for the medial and
less than 19.8% for the lateral condyles, respec-
tively [30].

An analysis of the literature shows that even
though there is not always sufficient visualization
of the fracture area, most researchers tend to fairly
simple and accessible parapatellar medial and lat-
eral approaches. Posterior approaches due to the
high risk of nearby major vessels and nerves in-
jury are technically extremely difficult and require
high skill. However, in some cases, given the small
size of the displaced fragments or other features,
they need to be considered during preoperative
planning after adequate two- and three-dimen-
sional visualization of the fracture area.

Arthroscopy options

Considering surgical approaches, it is impossible
not to bypass the options of modern arthroscopy,
while standard ports are usually sufficient [14,
31]. The advantages of arthroscopic treatment
are known: this is a low injury rate, minimal
impact on blood supply, early exercise and, as a
result, prevention of contractures. In HF arthro-
scopic technique due to the limited intra-artic-
ular space for manipulation is not always appli-
cable. However, visualization of the soft tissues
interposition and their elimination is technically
feasible arthroscopically, while the most difficult
tasks are reduction and carrying out screws per-
pendicular to the fracture line. A.M. Wagih and A.
Goel independently describe the course of thera-
peutic and diagnostic arthroscopies of the knee
joint with a frontal fracture of the lateral femoral
condyle [14, 31]. After diagnostic part, the knee
joint bends to 120°, the distal fragment is fixed
with an arthroscopic instrument. In the femoral
condyle, 2 k-wires are percutaneously carried
out, along which cannulated screws are inserted,
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after having countersink the insertion point to
immerse the screw heads below the surface of the
articular cartilage.

With all the current trends in reducing the
traumatic nature of surgery, one of the goals of
which is arthroscopic technique, it is impossi-
ble not to mention the risk of possible negative
consequences. Thus, the possibility of develop-
ing one of the most formidable complications —
compartment syndrome, has been known since
the last century [32]. At the same time, the prob-
ability of injury to the joint capsule leading to
the release of the solution into the soft tissues
is extremely high. Nevertheless, a number of au-
thors consider arthroscopically assisted fracture
fixation technique to be quite safe [33, 34].

In contrast to fractures of the tibial plateau,
relatively few works have been devoted to the
arthroscopic technique of HF fixation. Limiting
factors in the use of the technique are technical
difficulties in the manipulation of fragments and
their reduction, removal of soft-tissue interpo-
nents, difficulties in carrying out various hard-
ware, especially if additional fixation with a plate
is necessary. However, significant advantages in
the form of good visualization of the fracture, in-
cluding subchondral injuries, combined with low
trauma and skin scars insignificant for any subse-
quent surgeries, make arthroscopy one of the most
promising methods of treating HF.

Implants selection and fixation
technique

Back in the last century, S. Lewis et al. showed
that fixation with two or three cortical or spongy
screws (cannulated or conventional) of various
diameters is sufficient to eliminate possible ro-
tation and secondary displacement of femoral
condyle fracture fragments [10]. The main screw
was inserted from the intact extra-articular an-
terolateral surface of the lateral condyle in the
posterior direction, an additional screw was car-
ried through the lateral outer fragment to the
center of the diaphysis inside to eliminate the ro-
tational component. S.Y. Lee et al. demonstrated
a satisfactory result of fixation with six Herbert
compression screws with a diameter of 4.5 mm,
carried out in the P-A direction of the two-con-
dyle HF [23]. The advantage of this fixation was
considered to be a smaller square of injury to the
articular surface and, accordingly, a lower risk of
developing post-traumatic changes in the joint.

For long-standing fractures of the femoral
condyles, M.P. Somford et al. proposed options
for internal fixation using Herbert compression
screws with a diameter of 5.0 and 6.5 mm with a
bone autograft from the iliac crest, while a neu-
tralizing plate should additionally be implanted
[35].

A. Dua et al. describe the osteosynthesis of
a bicondylar HF with three spongy screws 6.5
mm in diameter, carried out in the direction A-P
proximal to the articular surface, strictly perpen-
dicular to the fracture line; the lateral condyle is
additionally fixed by a buttress plate due to the
concomitant supracondylar fracture [22].

A number of researchers believe that screws in
combination with a lateral or posterior anti-slide
buttress plate are indicated for patients who have
a high body mass index (BMI) or will not (cannot)
comply with the recommended regimen. Also, an
additional fixator can be recommended for pa-
tients with osteoporosis, fractures passing to the
metaphysis of the femur and multifragmental HF.
It should be especially noted that the use of pos-
terior buttress plate damages more soft tissues,
especially the place of attachment of the head of
the gastocnemius muscle. The latter can lead to
disruption of the fragment's blood supply, while
the lateral plate provides fairly stable support and,
in combination with an autograft, demonstrates
consolidation even with long-standing fractures
[6, 35, 36].

The results of biomechanical tests conducted
by independent scientists are interesting, the
purpose of which was to find an adequate meth-
od of fixation and study the factors affecting the
strength of osteosynthesis. So, G.]. Jarit et al. in
their study performed osteotomy of the femoral
bones on 8 cadavers, then used two methods of
fixing the femoral condyles: 2 screws with a par-
tial thread with a diameter of 6.5 mm and 2 similar
screws in the direction of P-A were carried out in
the A-P direction. The difference in the load ap-
plied to the displacement of the fragments fixed
by the screws was significantly greater for the
screws held in the P-A direction [37]. However,
due to technically difficult approach and a high
risk of injury to the neurovascular structures,
carrying out screws in the P-A direction is used
less often by surgeons.

D.J. Hak et al. performed osteotomy on 20 syn-
thetic femurs and performed fixation with screws
in four different ways. It has been proved that the
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use of two parallel screws with a diameter of 6.5
mm is the strongest fixation, while the second
screw does not significantly change the strength
of the fixation [38]. In addition, there was no sig-
nificant difference in the rigidity of the fixation
between one 6.5 mm diameter screw and one or
two 3.5 mm screws. The authors believe that an
increase in the diameter and number of screws
increases the load required to shift the fracture
fragments, but at the same time damage to the
articular surface increases. The passage of screws
with a diameter of 6.5 mm through small fracture
fragments increases the risk of their further de-
struction. When choosing to fix a fracture with
3.5 mm screws, at least two screws should be
used to create optimal rigidity. The obvious ad-
vantage of smaller diameter screws is the preser-
vation of more space for the implantation of the
metaphysical plate [39].

G.L. Westmoreland et al. studied the strength
of fixing hardware by pulling out screws of vari-
ous diameters (6.5 mm spongy screws with in-
complete threads, 3.5 mm and 4.5 mm cortical
screws). As a result, data were obtained on a
slight difference in the tear-off force of screws of
different diameters. Fixation with several screws
of smaller diameter has the same "tear-off" abil-
ity compared to screws of larger diameter, which
can minimize damage to both bone tissue and ar-
ticular cartilage [40].

In most publications of recent years, there has
been a persistent tendency to fix the fracture with
screws and additionally with a buttress plate.
However, V. Lu et al. conducted a comparative
analysis of the HF fixation results with compres-
sion screws with an anti-slide plate (24 patients)
and fixation only with compression screws (21
patients). The result showed that there is no sig-
nificant difference between the two methods of
HF fixation: satisfactory functional results were
achieved in both cases, consolidation occurred,
there was no displacement and other complica-
tions [41].

It should be noted that in most works, regard-
less of the chosen method of fracture fixation,
with anatomical reduction, timely detection of pa-
thology and elimination of possible rotational dis-
placement due to the additional screw, the results
were mostly good and satisfactory. Evaluation of
the functional result of treatment was carried out
mainly using the Knee Society Score (KSS) and the
achieved knee range of motion (ROM) [42].

However, T. Onay et al. described unsatisfactory
long-term results after 93 months in 13 patients
with HF who underwent fracture fixation with two
screws, among which were cortical 2.5-3.5 mm and
cannulated 4.0-6.5 mm (depending on the size of the
distal fragment). Anatomical reduction was achieved
in all cases, however, varus deformity was formed in
one patient, osteoarthritis — in 7 patients [43].

Thus, the analysis of the literature shows that
the choice of the final fixation remains with the
surgeon, clinically proven algorithms for choosing
the number and type of fixing structures have not
yet been proposed. However, the analyzed material
leads to the conclusion that it is necessary to fix
the HF with at least two screws that will run paral-
lel to each other and strictly perpendicular to the
fracture line, while the diameter and length of the
screws will be determined depending on the size of
the distal fragment. Depending on the clinical situ-
ation, preoperative planning and the chosen surgi-
cal approach in difficult or doubtful cases, as well
as in case of poor quality of bone tissue, a buttress
plate can be additionally applied along the lateral
or posterior surfaces.

Conclusions

Hoffa fracture is a relatively rare injury of the
lower limb, occurring both in isolation and as
part of multiple and combined high-energy in-
juries. Analysis of foreign literature has shown
that, first of all, a thorough collection of anam-
nesis and special caution regarding these rather
rare fractures are required. This injury is attrib-
uted to the concept of "hidden" fractures, and the
absence of signs of bone damage on standard ra-
diographs should not reassure surgeons.

Given the intra-articular and unstable nature of
HF, the tactics of treating patients should be pri-
marily operative. The choice of surgical approach
and the method of fixation of the fracture is de-
termined by several factors: the localization and
nature of the fracture based on the existing classi-
fication, the premorbid background of the patient,
the condition of the skin and soft tissues, the ex-
perience of the surgeon, as well as the technical
capability of the medical institution. With a rough
displacement of bone fragments, soft tissues in-
terposition, multifragmental or combined injury
to the knee joint area, arthroscopic technique
is not always possible. However, in the surgical
treatment of such patients, it is necessary to give
preference to minimally invasive technologies.
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The question of how to fix HF remains open,

but the analysis of publications has shown that
satisfactory results are achieved in the case of an-
atomical reduction and fixation with at least two
compression screws passed strictly perpendicular
to the fracture line.
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