
lable at ScienceDirect

Arthroplasty Today 4 (2018) 249e253
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Original research
Early femoral condyle insufficiency fractures after total knee
arthroplasty: treatment with delayed surgery and femoral component
revision

George L. Vestermark, MD a, Susan M. Odum, PhD b, Bryan D. Springer, MD a, *

a OrthoCarolina Hip and Knee Center, Charlotte, NC, USA
b OrthoCarolina Research Institute, Charlotte, NC, USA
a r t i c l e i n f o

Article history:
Received 26 January 2018
Received in revised form
26 February 2018
Accepted 26 February 2018
Available online 30 March 2018

Keywords:
Total knee arthroplasty
Periprosthetic fracture
Insufficiency fracture
Delayed treatment
One or more of the authors of this paper have dis
conflicts of interest, which may include receipt of paym
institutional support, or association with an entity in
may be perceived to have potential conflict of inte
disclosure statements refer to https://doi.org/10.1016/
* Corresponding author. 2001 Vail Avenue, Suite 20

Tel.: þ1 704 323 2000.
E-mail address: bryan.springer@orthocarolina.com

https://doi.org/10.1016/j.artd.2018.02.013
2352-3441/© 2018 The Authors. Published by Elsevier
ND license (http://creativecommons.org/licenses/by-n
a b s t r a c t

Background: Periprosthetic fracture following total knee arthroplasty (TKA) is usually associated with a
traumatic event and typically treated with fracture fixation techniques. However, we report on a series of
patients with early atraumatic condyle fractures that occurred as a result of insufficiency of the unloaded
preoperative femoral condyle treated with delayed reconstruction.
Methods: We retrospectively reviewed a series of 7 patients who sustained femoral condyle fractures
following TKA and evaluated risk factors for insufficiency.
Results: There were 6 females and 1 male with an average age of 65.5 (range, 63-75) years and an
average body mass index of 29.4 (range, 27-32). Fracture occurred on average 24.9 days from the index
surgery and secondary to a low energy mechanism. Five patients had valgus alignment (mean, 15.2�)
preoperatively and sustained fracture of the unloaded medial femoral condyle. Two patients had varus
alignment (mean, 7.0�) preoperatively and both fractured the unloaded lateral condyle. One patient
underwent early intervention requiring distal femoral replacement secondary to femoral bone loss. The
remaining 6 patients underwent delayed surgery for an average of 6 weeks to allow for fracture healing
followed by femoral component revision. At last follow-up (average, 48.5 months), 1 patient required a
tibial component revision; however, no revision of the femoral component was required.
Conclusions: Early femoral condyle insufficiency fractures following TKA may be a risk in females with
poor bone quality and preoperative valgus alignment. Delayed surgery and femoral component revision
is a treatment strategy that prevented the need for other tertiary reconstruction.
© 2018 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Periprosthetic fracture following total knee arthroplasty (TKA) is a
complication associated with significant morbidity and with a
reported overall incidence ranging from 0.5% to 4% [1-6]. These frac-
tures are typically the result of a low energy trauma [2,7,8] and often
involve the supracondylar regionof the femoralmetaphysis [1,2,4-6,9].
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A number of risk factors have been identified that predispose
patients to fracture. Intraoperative fractures are more commonly
seen in female patients and with the use of posterior-substituting
(PS) implant designs [10]. Patient-related risk factors include
osteoporosis, chronic steroid use, and rheumatoid and neurologic
disease [1,2,4,11-17]. In addition to systemic factors, stress risers
related to local osteolysis, screw holes, and anterior femoral
notching have been associated with increased fracture risk
[4,12,13,16-20].

The treatment approach for these injuries is dictated by the
patient's overall bone stock, the fracture pattern, and the stability of
the prosthesis. Surgical management options range from fracture
fixation techniques including plating and intramedullary nailing to
reconstructive strategies including component revision and distal
femoral replacement [2,4,9,12,17,19-24].
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Table 1
Patient demographic and radiographic data.

No. of patients 7
Female (%) 6 (86%)
Male (%) 1 (14%)

Mean patient age (y) 69.9 (63-79)
Mean BMI 29.0 (23-37)
Time of fracture (days) 24.9 (10-33)
Poor bone density (%) 5 (71%)
Osteopenia (%) 3 (60%)
Osteoporosis (%) 2 (40%)

Valgus alignment (%) 5 (71%)
Avg. angle (degrees) 15.2 (12-17)

Varus alignment (%) 2 (29%)
Avg. angle (degrees) 7.0 (6-8)

BMI, body mass index.
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Several classification systems have been described to help guide
management for these challenging injuries [3,8,11,25-27]; however,
these algorithms do not include how to manage the atraumatic
insufficiency fracture. The purpose of this study was to report on a
single surgeon's experience with distal femoral condyle
insufficiency fractures sustained after primary TKA in the acute
postoperative setting and to identify any associated risk factors.
Specifically, we report on the clinical and radiographic outcomes of
a delayed treatment strategy.

Material and methods

An institutional arthroplasty database was reviewed to identify
all patients who sustained a periprosthetic fracture following
primary TKA. A retrospective chart reviewwas performed to collect
Figure 1. (a) Preoperative anteroposterior (AP) knee radiograph demonstrating valgus alignm
clinical, radiographic, and operative report data. Patients who
sustained intraoperative fracture during the index surgery or
fracture secondary to traumatic injury were excluded. A minimum
1-year follow-up from the date of index surgery was required.
Patients who had not been seen within 2 years from initiation of
this study were contacted by phone to complete a questionnaire.

As part of the routine preoperative evaluation, all patients
underwent standing full-length lower extremity radiographswhich
were used to measure mechanical axis alignment. Osteopenia was
characterized based on bone density on anteroposterior (AP) and
lateral plain radiographs. All index TKA procedures were performed
by a single fellowship-trained orthopaedic surgeon using a medial
parapatellar approach and a cemented PS prosthesis.

Thedate of injurywasdeterminedbasedon thedate of radiograph
taken after the index surgery. The fracture of the distal femoral
metaphysis was classified as medial condyle, lateral condyle, or
supracondylar based on AP and lateral radiographs. One patient
underwent early intervention and required a distal femoral replace-
ment secondary to significant femoral bone loss. The remaining 6
patients underwent delayed surgery for an average of 6 weeks to
allow for fracture healing followed by revision of the femoral
component.

The primary outcome variablewas the requirement for a tertiary
reconstructive surgery. Possible risk factors for insufficiency such as
age, gender, preoperative alignment, and presence of osteopenia
were evaluated as secondary variables.

Following the revision surgery, postoperative AP and lateral
radiographs were taken to evaluate implant stability and overall
mechanical alignment. Clinical knee range of motion and Knee
Injury andOsteoarthritis Outcome Scores (KOOS Jr.)weremeasured.
ent. (b) Postoperative AP radiograph demonstrating a medial femoral condyle fracture.



Figure 2. (a) Preoperative AP knee radiograph demonstrating varus alignment. (b) Postoperative AP radiograph demonstrating a lateral femoral condyle fracture.
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An independent research assistant recorded demographic data and
patient-reported outcomes scores. Standard descriptive statistics
were calculated including frequency and proportion as well as
measures of central tendency and variability.
Results

Seven patients (6 female, 1 male) sustained distal femoral
insufficiency fractures in the acute postoperative setting following
primary TKA (Table 1). The average patient age was 65.5 (range,
63-75) years and the average body mass index was 29.4 (range,
27-32). The majority (71%) of patients had a medical diagnosis of
either osteoporosis (2) or osteopenia (3). Preoperatively, 5 (71%)
patients had valgus alignment with an average angle of 15.2�

(range, 12-17). Two (29%) patients had varus alignment with an
average angle of 7.0� (range, 6-8).

The insufficiency fracture occurred on average 24.9 (range,
10-33) days from the index surgery. None of the patients reported
any associated history of trauma. All 5 of the patients with valgus
alignment sustained fracture of the preoperative unloaded medial
femoral condyle (Fig. 1), and both patients with varus alignment
fractured the unloaded preoperative lateral condyle (Fig. 2). One
(14%) patient underwent early intervention and required a distal
femoral replacement secondary to significant femoral bone loss.
The remaining 6 (86%) patients underwent a delayed treatment
protocol which included weight-bearing restriction with a walker
until surgery to allow for bone healing. Following the initial
diagnosis of fracture, the knee was immobilized for 2-4 weeks for
pain control. The patients were then allowed to actively range the
knee as tolerated for 2-4 weeks to avoid excessive stiffness leading
up to the revision surgery. The secondary revision surgery occurred
on an average 42.7 days (range, 12-82) from the fracture diagnosis.
Secondary surgery included femoral component revision with
stemmed (most common, 12 mm � 75 mm) implants and with
femoral augments as needed (Fig. 3). Postoperatively, patients were
allowed to weight bear as tolerated and perform range of motion
exercises per standard protocol.

The average follow-up from the time of revision surgery was
48.5 months (range, 12-93). The average flexion measured 120�

(range, 95-125), and no flexion contracture was reported in any
patient. The average KOOS Jr. score was 90.9 (range, 86-100). One
(17%) patient required a tibial component revision; however, no
tertiary revision of the femur was required.
Discussion

An increase in TKA procedures is projected to occur over the
next decade [28]. As the overall life expectancy of the patient
population increases, it is reasonable to expect that the number of
periprosthetic fractures will also increase. Therefore, identifying
effective treatment strategies is essential. While there are
numerous reports on surgical management options for
periprosthetic fractures [2,4,9,12,17,19-24], these treatment
algorithms are mostly restricted to the traumatic injury and fail to
include the atypical insufficiency fracture. In our series of patients,
we found that the native condyle that was unloaded preoperatively
due to alignment (medial compartment in valgus, lateral
compartment in varus) was susceptible to this atraumatic fracture



Figure 3. (a) Delayed surgery (avg. 6 weeks) for initial fracture healing. (b) Femoral component revised with a stemmed implant and femoral augments.
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pattern (Fig. 4). Our management strategy, which involved delayed
treatment for initial fracture healing followed by femoral
component revision, was found to be an effective approach and
prevented the further need for a distal femoral replacement.

The literature is sparse with regards to this particular atraumatic
periprosthetic fracture pattern. Shahi et al. published their findings
of isolated periprosthetic compression factors following TKA [29].
They performed a retrospective review and identified 14 patients,
all of whom sustained compression fractures of the lateral femoral
condyle. All fractures were diagnosed within the first 21 days from
the index surgery which was performed using cruciate-retaining
implants. In their series, all patients had a varus deformity with a
mean angle of 16.3� (10.3-23.1). Eleven (79%) of the patients in their
cohort reported no history of trauma. Similar to our findings, the
majority of patients were female (10, 71%), and all of their patients
had osteoporosis. Two of their patients required a rotating hinge
prosthesis, while the other patients had femoral components
revised with stemmed implants. The authors did not comment on
the timing of the revision surgery or whether they used a similar
delayed treatment approach. In parallel with our study, they
Figure 4. Intraoperative images illustrating the mechanism of failure
suggested that the poor bone quality, which in their case involved
the unloaded lateral condyle, resulted in the subsequent
insufficiency fractures.

This study was not without limitations. No control group was
used for comparison. A matched control of patients who
underwent revision shortly after fracture diagnosis could help
elucidate the efficacy of a delayed treatment approach. The date of
injury was determined based on the date of radiograph taken after
the index surgery which may have overestimated the average time
to fracture. Although this retrospective case series has a small
sample size, it is worth noting that the majority of the patients in
the cohort were female and had abnormal bone density and valgus
alignment with associated medial femoral condyle fractures.

It is well documented [17,21-24] that prosthesis stability and
fracture pattern and complexity are factors to consider when
determining the definitive treatment approach. Our findings
emphasize the significance of bone stock as fracture fragility was
identified in the osteopenic and “unloaded” femoral condyle. In
addition, the majority of patients in this cohort were female who
naturally have smaller femurs compared to males. This is an
seen with insufficiency and impaction of the unloaded condyle.
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important variable to consider, particularly when using a PS
implant. With regards to the housing preparation, many of the PS
systems have a limited number of box cut guides which are used for
multiple femoral component sizes. This can lead to a dispropor-
tionate amount of bone resected and a small bony bridge remaining
at the metadiaphyseal junction which may be a concern in these
higher risk patients. This introduces the question whether a stem
should be used in a “prophylactic” fashion when performing
primary TKA on female patients with poor bone stock and valgus
deformity. A larger prospective comparative study is needed to
elucidate if these are truly significant risk factors for this atypical
fracture pattern. In conclusion, early femoral condyle insufficiency
fractures following TKA may be a risk in females with poor bone
quality and preoperative valgus alignment. Delayed surgery to
allow for fracture healing followed by femoral component revision
was a treatment strategy that prevented the need for complex
reconstruction with segmental distal femoral hinge prosthesis.

Conclusions

Femoral insufficiency fractures following primary TKA involved
impaction of the unloaded preoperative femoral condyle in the early
postoperative setting. These atraumatic insufficiency fractures may
be a risk in females with poor bone quality and preoperative valgus
alignment. Delayed femoral component revision is a management
strategy that prevented the need for other tertiary surgery.
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