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Abstract

The relationship between periarticular fractures and development of knee
arthritis is well known. However, considering the lack of the literature, it
is difficult to precisely estimate the incidence of post-traumatic arthritis of
the knee, ranging from 20 % at 5 years to 50 % at 15 years after the frac-
ture. A treatment option for most of the patients could be total knee arthro-
plasty (TKA). In these patients, the strategy should be accurately planned
preoperatively, because of different problems: presence of hardware, mul-
tiple surgical scars, bony defects, malalignment, stiffness, instability, mal-
unions, previous infections, and ligamentous deficiency. TKA after
proximal tibial or distal femoral fractures can be challenging, most of all
for bone loss and instability. The results of post-traumatic TKA are good,
but more similar to revision TKA than to standard primary TKA. Post-
traumatic TKA patients have a higher risk of complications compared to
the general population undergoing TKA for primary osteoarthritis. It is
still unclear whether post-traumatic TKAs have a higher risk of infection
compared to standard TKAs, but a higher risk of infection in TKAs after
infected periarticular fractures has been reported.
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12.1 Epidemiology

Different authors reported that articular incon-
gruity and instability can lead to post-traumatic
arthritis [7, 16, 31].

There are few long-term studies on arthritis
after proximal tibial or distal femoral fractures,
and the incidence is not clearly defined.
Honkonen et al. in 1995 reported an incidence of
44 % for post-traumatic arthritis in 131 cases, at
7.6 years after surgically treated fractures around
the knee. The authors reported young age, com-
bined meniscectomy, medial tilt, articular
cartilage damage, inadequate fixation, residual
malalignment, and poor reduction as risk factors
for developing post-traumatic osteoarthritis
[7, 14]. Conversely, Wasserstein et al. observed a
5.3 times increased risk of total knee arthro-
plasty (TKA) in patients affected by a proximal
tibial plateau fracture 10 years before compared
to standard population, with a further increased
risk correlated to old age (hazard risk, HR, 1.03
per year over the age of 48), bicondylar fracture
(HR 1.53), and major comorbidities (HR 2.17)
[45]. Other authors reported an incidence of
arthritis ranging between 20 % at 5 years and
50 % at 15 years after a proximal tibial fracture
[21, 34]. A similar incidence of post-traumatic
arthritis was estimated after treatment of com-
minuted, intra-articular fractures of the distal
femur [30, 39].

However, different authors reported that the
development of end-stage knee post-traumatic
osteoarthritis occurs at a mean of 7 years after the
fracture, ranging from 2 to 11 years [20, 21]
(Fig. 12.1).

12.2 Clinical Examination

When approaching a TKA in a patient with pre-
vious surgery, the strategy should take into
account different problems: the presence of
hardware, multiple surgical scars, bony defects,
malalignment, stiffness, instability, malunions,
and previous infections [3]. For these reasons,
delayed TKA in patients with previous periar-
ticular knee fractures can be challenging, with a
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26 % rate of complication and 21 % of reopera-
tion [47].

Clinical examination should include the
evaluation of location and type of pain, degree
and type of instability, gait disturbance, or
malalignment. Preoperative range of motion
(ROM) evaluation is mandatory: post-traumatic
arthritis can be associated with limitation of
flexion or extension [27, 28]. The patients should
be informed on the realistic expectation for
postoperative ROM because this is correlated
with the preoperative movement [17]. Previous
scars, the need for a skin graft, or other cutaneous
problems should be carefully evaluated, because
of the higher risk of cutaneous complication in
these patients. In case of complex previous sur-
geries, with multiple skin incision, the plastic
surgeon should be consulted [3].

Furthermore, post-traumatic arthritis can be
associated with extensor mechanism abnormal-
ities, i.e., patella baja, due to fibrous tissue for-
mation and consequent stiffness [3] (Fig. 12.2).

12.3 Imaging and Preoperative

Workup

The first step is to obtain acomplete radiographic
study including anteroposterior (AP), lateral,
Merchant, and long-leg weight-bearing views.
On the x-rays, the surgeon should evaluate bone
stock, patellar height, osteolysis, hardware
position, limb alignment, and significant bony
deformities below or above the joint [35]. Some
authors described the tilt of the tibial plateau in
the AP and lateral views as an important aspect,
reporting patients with a medial tilt having a
higher risk of developing post-traumatic arthri-
tis [14]. In our experience, a computed tomog-
raphy (CT) scan is fundamental to evaluate
bone quality, bony defects, and hardware posi-
tion. In patients with a history of open fracture
or previous septic joint, considering the high
suspicion of infection, a blood count with dif-
ferential, erythrocyte sedimentation rate (ESR),
C-reactive protein level (CRP), and joint aspi-
ration should be performed to rule out active
infections [3, 4].
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Fig. 12.1 Clinical case: 54-year-old man with post-
traumatic left knee arthritis after previous lateral plateau
fracture. (a) Preoperative anteroposterior (AP) x-ray; (b)

12.4 Indications

Proximal tibial plateau fractures are common in
patients younger than 50 years old [9].
Consequently a considerable number of patients

lateral preoperative view; (c) preoperative long-leg view
showing the valgus malalignment; (d) postoperative
X-rays

affected by post-traumatic arthritis can be
younger than 60 years, and this complicates the
treatment choice. In patients younger than 60
years, with uni-compartimental post-traumatic
arthritis, osteotomies around the knee may
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Fig. 12.2 Clinical case: 75-year-old man with post-
traumatic right knee arthritis after previous distal femoral
and patellar fracture. (a) Preoperative anteroposterior
(AP) x-ray showing the retained hardware; (b) lateral

decrease pain and slow down the progression to
arthritis, delaying the time for a total knee arthro-
plasty [1, 12].

However, in all patients affected by bi- or
tricompartmental post-traumatic arthritis, a
TKA should be considered. There is still a
debate on the best approach for hardware
removal, which is often necessary because of its
interference with the implant or the instrumen-
tation. When extensive hardware removal is
required, especially in cases with poor skin
quality, a two-step surgery is recommended:
first step of hardware removal, followed by
TKA after soft tissue recovery. The same
approach should be considered in the cases with
suspected infection [3, 48].

preoperative view showing a patella baja; (c) preoperative
patellar view; (d) preoperative long-leg view; (e) postop-
erative x-rays

12.5 Implant Selection

Similarly to primary TKA, different joint arthro-
plasty designs can be considered in post-traumatic
bi- or tricompartmental arthritis. The implant
with the least constraint necessary to provide
symmetric, well-balanced flexion and extension
gaps should be preferred [3].

Posterior cruciate ligament (PCL) retaining
(cruciate retaining, CR) implants can be used in
selected cases with minimal deformities, no
flexion contractures, and no instabilities.
However, in the vast majority of the cases, a
posterior-stabilized (PS) implant allows for
deformity correction and accurate ligament
balancing [3, 7]. In patients affected by
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arthrofibrosis or flexion deformity, a PS implant
should be preferred [4].

When ligamentous deficiencies or poor bone
quality is present, a more constrained implant
may be required in association with femoral or
tibial extensions. In cases with poor bone quality,
but good ligamentous balance, a standard PS
design can be used, in association with stem
extensions and bone fillers, e.g., wedges and
sleeves [4]. Hinged implants should be reserved
to patients with low activity level, severe instabil-
ity, or major bone loss [40].

12.6 Surgical Technique

When performing a TKA after a tibial plateau
fracture, different problems should be consid-
ered: prior incisions, hardware removal, align-
ment, instability, and bony defects. In this section,
the differences between TKA in post-traumatic
arthritis and standard TKA will be discussed.

12.6.1 Prior Incisions

The presence of prior incisions should be care-
fully evaluated in the preoperative planning.
Considering the vascular supply of the anterior
knee skin, the most recent or most lateral incision
should be chosen, avoiding the elevation of large
subcutaneous flaps [3, 15, 29]. Old transverse
skin scars should not be transected creating acute
angle <60° because triangular skin flaps have a
high risk of necrosis. When a new incision is
required, the surgeon should create a skin bridge
of at least 6 cm [3, 15].

12.6.2 Exposure

Post-traumatic arthritis can be associated with a
stiff knee. In these cases, the general principles
for stiff knee exposure should be followed,
including the following: (1) protection of patellar
tendon; (2) sequential release of scarring in the
suprapatellar space, gutters, and peritendinous

tissue; and (3) avoiding vigorous retraction or
forceful flexion of the knee [3]. The so-called
Tarabichi maneuver can be useful to remove the
adhesions of the quadriceps muscle [43]. When
the quadriceps is severely contracted, a V-Y turn-
down or tibial tubercle osteotomy can be highly
effective to gain adequate exposure. If a V-Y
quadriceps turndown is chosen, the surgeon
should pay attention to the superior lateral genic-
ulate artery, to reduce the risk of devasculariza-
tion of the patellar and patellar tendon. On the
other hand, when performing a tibial tubercle
osteotomy, the fragment should be approximately
2 cm wide and 810 mm thick, and care should
be taken to preserve the lateral soft tissue hinge
[10, 27].

12.6.3 Malalignment

Intra-articular deformity correction should fol-
low the general principles of TKA. It is manda-
tory to obtain a well-aligned lower limb: many
authors demonstrated an increased risk of
mechanical failure and aseptic loosening when
components or mechanical axis shows malalign-
ment postoperatively [21].

Conversely, large deformities may require an
extra-articular correction through an osteotomy,
which can be performed in a staged or simulta-
neous procedure [23]. Rotational deformity is
not rare in post-traumatic arthritis, and it should
be carefully evaluated and corrected before or at
the time of surgery [41]. Malalignment due to
ligament incongruence can be managed as well
as in revision TKA or in valgus-varus TKA. In
these cases, a constrained implant may be
required [4].

12.6.4 TKA in Nonunion

There is little data in literature regarding TKA
after proximal tibial fracture nonunion. Some
authors suggested to bypass the nonunion with
longer stem in association with bone grafts.
Small fragments can be excised, and the bone
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defect can be treated following the revision TKA
principles [2, 18, 22, 50].

In some cases, intramedullary guides can be
difficult to use, so extramedullary, navigation,
or personalized instrumentations can be useful.
Tumor prostheses can be used in elderly patients
with large defects, nonunion, and bone
fragments [25].

12.6.5 Bone Loss

Bone losses are frequent in post-traumatic arthri-
tis and should be managed according to the prin-
ciples of revision surgery [3]. Furthermore,
metaphyseal bone is often compromised in post-
traumatic arthritis, so the bone ingrowth in the
cementless implants may be inadequate, and lon-
ger stems can be useful [21].

Contained small defects, less than 5 mm, can
be filled with cement, while bigger defects can be
managed using metallic augments, bone grafts,
or tantalum cones [13, 33] (Fig. 12.3). Large cav-
itary metaphyseal deficiencies can be managed
with tantalum cones, sleeves, or impaction graft
techniques [3]. Many authors prefer metallic aug-
ments over bone allograft because of the better
primary stability, earlier mobilization, and imme-
diate weight bearing. Bone losses can also affect
the joint line, causing impairment of the extensor
mechanism function and gap imbalance of the
implant. In these cases, metal augments can be
very useful in restoring the correct joint line,

Fig. 12.3 Intraoperative picture showing a tibial wedge
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using the landmarks as described in revision
TKA [4].

Some authors suggested that tibial metal aug-
ments may not be adequate to fill defects greater
than 20 mm, particularly in young patients [5].
Due to this reason and to the lack of versatility of
metallic augments, some authors in these cases
prefer the use of fresh allograft. The advantages
of bone allograft are easy remodeling, ability to
fill cavitary or segmental defects, excellent bio-
compatibility, and potential for ligamentous reat-
tachment. On the contrary, the main concerns
regarding bone allograft include late resorption
and risk of infectious disease transmission [44].

Considering the poor bone quality and the
presence of bone loss, additional (longer) stems
are often required in post-traumatic TKA. Brooks
et al. demonstrated a reduction of 23-38 % of the
axial loads on the tibial component using a
70 mm cemented tibial stem [6]. For this reason,
if an augment is necessary, a tibial stem should
be used, as well as in cases in which a stronger
hinge is necessary because of poor bone or liga-
mentous quality. The use of stems reduces the
axial load to the implant and the bone-cement-
implant interface. In the cases where a long
diaphyseal bypass is necessary, e.g., in the pres-
ence of malunion, a metaphyseal cementation
can be performed, in association with long
cementless stems [11]. In many cases, there is a
lack of congruence between the center of the
tibial plateau and the center of the tibial diaphy-
sis: in these cases, most of the authors suggest to
use offsetted stems, in order to allow a correct
restoration of the tibial surface [3].

12.7 Postoperative Management

The postoperative protocols should not differ
from those used in standard TKA. Weight bear-
ing should be calibrated in relation to the primary
stability of the implant and can be (rarely)
delayed depending on bone grafting and bone
reconstruction. If V-Y quadriceps turndown or
tibial tubercle osteotomy is used, a more careful
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rehabilitation is recommended, to reduce the
stresses on the extensor apparatus. In these cases,
a hinged brace can be used, allowing passive gen-
tle progressive ROM exercises during non-
weight-bearing phases [4].

12.8 Complications

The risk factors for complication in TKA for
post-traumatic arthritis include (1) severe stiff-
ness, (2) multiple prior surgeries, (3) prior infec-
tion, and (4) poor skin conditions. One of the
most serious complications is the avulsion of the
patellar tendon; in cases of stiff knee, a more
careful exposure, maybe using a tibial tubercle
osteotomy, is recommended.

Also skin necrosis is a severe complication
and can be correlated with implant exposure and
infection. Patients with multiple scars are at high
risk of cutaneous necrosis and need to be evalu-
ated by the plastic surgeon preoperatively [27].

There is some concern about the higher risk of
peri-prosthetic joint infection in TKA following
prior fracture compared to standard TKA. Larson
et al. hypothesized that TKAs performed after
infected tibial plateau fractures would have a higher
complication rate when compared with noninfected
tibial plateau fractures. In this case-control study,
the authors concluded that previously infected
knees had a 4.1-fold increased risk of requiring
additional procedures [19]. Recently other authors
reported similar results in their case series [24]. In
addition, Suzuki et al. evaluated 2022 primary TKA
and, using logistic regression analysis, identified
having a previous fracture and remnants of internal
fixation as a major risk factor for infection [42].

12.9 Results

There are few reports describing the outcomes of
TKA in post-traumatic arthritis, with small case
series and only short- to medium-term follow-up.

In 1979 Marmor et al. described the results of 18
patients affected by post-traumatic arthritis treated
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with a modular unicondylar arthroplasty. In 15
cases both the medial and lateral compartments
were resurfaced. The authors reported 78 % of sat-
isfactory results 2 years after surgery [26]. Roffi
et al. in 1990 described the outcomes of 17 cases of
TKA in post-traumatic arthritis, with only 8 suc-
cessful results. The authors concluded that the
results of TKA in these patients may resemble revi-
sion rather than primary TKA [35]. However, most
authors agree that TKAs after periarticular knee
fractures achieve good clinical outcomes, but the
procedure can be technically demanding and is
associated with a higher failure and complication
rate compared to standard TKA [4, 8, 21, 36, 37,
46, 47, 49]. Lizaur-Utrilla et al., in a prospective
matched cohort study, evaluated the results of 29
patients affected by post-traumatic arthritis and 58
patients who underwent routine TKA, at 6.7 years
of follow-up. The authors concluded that there were
no differences in clinical outcomes, but the group
affected by post-traumatic arthritis had a significant
higher incidence of complications [20]. The results
are even less satisfactory in cases of previous mal-
union or nonunion [32]. There is also a general
agreement in affirming that patients affected by iso-
lated intra-articular deformities obtain the better
outcomes than more complex cases [38].

Similar results were reported for TKA after
prior distal femoral fracture. Papadopoulos et al.
reported the results of 47 cemented condylar
TKAs in patients affected by previous distal fem-
oral fracture, at an average follow-up of 6.2 years.
In three cases, a distal femoral osteotomy in con-
junction with longer cemented femoral stem was
required because of malunion. The authors
reported good clinical outcomes and improved
Knee Society pain score and postoperative ROM,
but six knee required revision surgery because of
arthrofibrosis or aseptic loosening [30].

Considering the problems encountered in
patients with prior hardware, such as difficulties
in using intramedullary guides, some authors
advocated using computer-assisted navigation to
perform TKA in post-traumatic arthritis [25].

Table 12.1 shows a summary of the literature
on results of TKA after post-traumatic arthritis.
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Conclusion

The incidence of post-traumatic arthritis is
reported in literature ranging between 20 % at 5
years and 50 % at 15 years after a proximal tib-
ial fracture. TKA after proximal tibia or distal
femoral fracture is a more demanding procedure
compared to standard TKA. When approaching
a knee replacement in a patient with previous
surgery, the strategy should be accurately
planned because of different problems: hard-
ware presence, multiple surgical scars, stiffness,
bony defects, malalignment, instability, mal-
union, and previous infections. A comprehen-
sive preoperative planning is mandatory in these
patients, in order to choose the correct implant
and to better evaluate bone loss. There are few
reports in the literature regarding TKA in post-
traumatic arthritis, but most of those papers con-
clude that the outcomes are more similar to
revision than to primary TKA. In addition, due
to the previous surgery, more difficult exposure,
and surgical technique, the incidence of compli-
cations after TKA in post-traumatic arthritis is
higher than standard TKA.
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