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Periprosthetic distal femur fractures can be treated nonoperatively, with open reduction and internal fixation or with more
constrained prostheses. Distal femoral replacement is typically a last resort treatment option for comminuted periprosthetic or
osteoporotic distal femoral fractures in patients with poor bone stock or resistant nonunions. We report the case of a 54-year-
old female with a remote history of bone mulch ACL reconstruction who sustained an intraoperative comminuted bicondylar
distal femur fracture during a primary total knee arthroplasty. This patient was treated with a distal femoral replacement and
successfully returned to her preoperative function.

1. Introduction

Total knee arthroplasty (TKA) is a common procedure with
an estimated 3.4 million TKAs anticipated to be performed
annually by 2030 [1]. Several preexisting patient factors
may adversely affect the duration, morbidity, and outcome
of the procedure. However, one area that remains to be
understudied is the effect of a prior anterior cruciate ligament
(ACL) reconstruction on a TKA.

Approximately 175,000 ACL reconstructions are per-
formed annually [2, 3]. ACL-deficient knees lead to menis-
cal and chondral damages. While reconstruction improves
stability and function, a reduction in the development of sec-
ondary osteoarthritis has not been demonstrated [2, 4]. The
patient in the case we are presenting underwent ACL recon-
struction with the bone mulch screw and WasherLoc from
Arthrotek (Figure 1) [5].

A complication which orthopaedic surgeons will inevita-
bly encounter is periprosthetic fractures of the distal femur
and tibia. The incidence of periprosthetic fracture ranges
from 0.3-2.5%, with the most common location being the
supracondylar distal femur; typically, these are due to low-

energy trauma [6]. Intraoperative periprosthetic at the time
of TKA is rare. Alden et al. found a 0.39% incidence of intra-
operative fractures among a sample of 17,389 TKAs. Of
these, 73.1% occurred in the femur, most commonly in the
medial and lateral condyle [7]. Periprosthetic fractures can
occur in the distal femur, proximal tibia, or patella. The most
common classification system used for periprosthetic frac-
tures of the distal femur is the Lewis and Rorabeck classifica-
tion. In this classification system, type I is nondisplaced with
a stable component; type II has >5 mm of displacement or >5
degrees of angulation with a stable component; and type III
has a loose component [8]. There are several additional clas-
sification systems; all of which fail to classify intraoperative
periprosthetic fractures. The anatomic location is typically
used to describe these fractures. Risk factors that may predis-
pose patients to periprosthetic fractures include anterior
notching of the femur, osteoporosis, osteolysis, implant loos-
ening, rheumatoid arthritis, neurologic disorders, corticoste-
roid use, increased age, and female sex [6, 9, 10].

Various treatment options have been described for peri-
prosthetic fractures of the knee. For nondisplaced fractures
with a stable prosthesis, a knee immobilizer or cast can be
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utilized with protected weight-bearing for 6 weeks postoper-
atively. Operative treatment may vary depending on the frac-
ture pattern. Treatments that have been described in the
literature include external fixation; open reduction internal
fixation (ORIF) with a blade plate, submuscular plate, or con-
dylar screw; retrograde intramedullary nail (RIMN); long
stem/constrained prosthesis; allograft-prosthetic composite
(APC); distal femoral replacement; and arthrodesis [8–15].

2. Case

A 54-year-old Caucasian female with a history of lupus pre-
sented for elective left total knee arthroplasty following the
development of osteoarthritis that had failed conservative
measures. The patient had a history of previous left knee
ACL reconstruction approximately 25 years ago using the
Arthrotek bone mulch screw and WasherLoc system [5].
She underwent removal of the tibial WasherLoc approxi-
mately 10 years later, in the early 2000’s (Figure 2).

The patient was positioned supine; standard incision
with a medial parapatellar arthrotomy was performed. A
measured resection technique was then performed with an
intramedullary guide placed in the femur. The femur was
cut in 6 degrees of valgus and 3 degrees of external rotation.
A size 4 femoral prosthesis was placed and noted to overhang
both medially and laterally on the condyles. At this time, it
was decided to downsize the femoral component. The 4 in
1 femoral cutting block was then placed back on the femur
and was noted to be in contact with the bone mulch ACL
screw. The bone mulch screw was located and identified in
the lateral femoral condyle; a curette was used to clear the
head of the screw, and it was removed. The proximal tibia
was then prepared using an intramedullary guide with 3
degrees of posterior slope. A size 3 tibial component and a
9 mm poly were placed; the knee was noted to be tight in both
flexion and extension. An additional 2 mm resection was per-
formed on the proximal tibia. It was noted at this time while
trying to trial the prostheses that the lateral femoral condyle
was fractured. Conversion to a stemmed femoral component

with a cruciate stabilizing prosthesis was attempted. The fem-
oral canal was reamed, and the femoral box cut was made.
However, during trialing, the medial femoral condyle was
now noted to have a fracture as well. An intraoperative con-
sultation with an adult reconstruction trained orthopaedic
surgeon was performed. Immediate surgical correction was
not possible due to improper implants being presented.
The femoral and tibial canals were then reamed to accept a
200mm × 9mm intramedullary nail to act as a temporary
internal stabilization device (Figure 3). The knee was irri-
gated and closed, and the patient was admitted to the floor.
The patient was then brought back to the OR on postop-
erative day 3 following the index procedure. The prior inci-
sion was utilized; the wound was copiously irrigated. It was
noted that due to the patient’s poor bone quality and com-
minution of the fractures that the only viable option was a

Figure 1: Arthrotek bone mulch ACL screw and WasherLoc. Figure 2: Left knee with significant medial compartmental
osteoarthritis and evidence of a previous bone mulch ACL screw.

Figure 3: Intraoperative periprosthetic fracture fixated with an
intramedullary nail.
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distal femoral replacement. The distal femur was resected,
the femoral canal was reamed, and a planar was used on
the distal femur. A skim cut and reaming of the tibia were
performed. The components were trialed. Final implants
included a 13 × 127mm hinged femoral prosthesis and small
1-stemmed tibial tray; a 32 mm patellar component was used,
and a size 10 polyethylene was then inserted; all components
were cemented. The knee was noted to be stable throughout
range of motion with good patellofemoral tracking. The sur-
gical wound was copiously irrigated and closed (Figure 4).
Estimated blood loss was 100 mL; no postoperative trans-
fusion was necessary. She was able to bear weight as toler-
ated immediately postoperatively. The patient’s pain was
controlled postoperatively, and she worked well with phys-
ical therapy and was discharged home with home health
care on postoperative day two with 3 weeks of Coumadin
for venous thromboembolism prophylaxis.

The first postoperative visit was at two weeks; the patient
had some swelling and quadriceps weakness, and the incision
was healing well. Range of motion (ROM) was from 0-100°.
At 6 weeks, she was still requiring narcotic medication; quad-
riceps strength was improving, ROM from 0-105°.

At 12 weeks, X-rays remained unchanged; the patient
continued to have mild quadriceps weakness and was no lon-
ger requiring narcotic medications. ROM was not docu-
mented at this visit. At 6 months, ROM was 0-120°. The
incision was well healed; X-rays were unchanged. The patient
was doing well; however, she continued to have some residual
quadriceps weakness and difficulty ambulating long dis-
tances. The patient was lost to follow-up after 6 months.

3. Discussion

Periprosthetic fractures of the knee are uncommon but are
difficult cases to treat. Most cases occur due to low-energy
falls; nonetheless, intraoperative fractures can occur, and it
is the surgeon responsibility to diligently watch for this dur-
ing the case. Delasotta et al. found that 50% of periprosthetic

fractures occurred during trialing [16]. Both the medial and
femoral condyle fractures noted in our case were noted
after trialing. Our lateral femoral condyle fracture was
noted after trialing a cruciate-retaining prosthesis; whereas
Delasotta et al. showed a 0% intraoperative fracture risk with
cruciate-retaining implants, although he did find that semi-
constrained implants were 9.69 times more likely to lead to
an intraoperative fracture than a posterior stabilizing pros-
thesis [16]. Our medial femoral condyle fracture was noted
after attempting to trial a semiconstrained femoral prosthe-
sis. To our knowledge, there are no cases of intraoperative
fractures in patients with a previous bone mulch ACL. Sev-
eral biomechanical studies have shown that the bone mulch
ACL screw was able to survive 5,000 cycles and had a signif-
icantly higher initial/linear stiffness and a lower rate of slip-
page than the endobutton and double-looped tendon graft.
Yet, it was significantly lower than the patellar tendon graft
and interference screw. Higher stiffness fixation devices
secure the graft, allow tendon tunnel healing, and restore sta-
bility while allowing aggressive rehab [17, 18]. Leroux et al.
demonstrated that patients who underwent an ACL recon-
struction versus a matched control cohort were seven times
more likely to undergo TKA [19]. Prior studies have noted
that patients with a history of ACL reconstruction and a sub-
sequent TKA experience 9-15 minutes of increased operative
time; however, there was no difference in EBL or postopera-
tive complications [2]. Watters et al. performed a retrospec-
tive cohort study of 122 patients with a history of ACL
reconstruction and a matched control cohort. They found
the ACL reconstruction group to have a statistically signifi-
cant risk of infection, in 3.3% of the ACL reconstruction
group, and a 5.5 times relative risk of reoperation [20]. Mag-
nussen et al. demonstrated that there were no differences in
final range of motion, outcome scores, or alignment at the
3-year follow-up. However, they did note that tibial exposure
was more difficult with 14% of patients requiring a tibial
tubercle osteotomy. 23% of the patients required manipula-
tion under anesthesia due to refractory stiffness, which was
corrected [4]. On one case study, we were able to locate dis-
cussed a supracondylar distal femur fracture above a TKA
at the site of a previous retained ACL femoral staple [21].
Yet, it should be noted that this case was due to a fall 8 years
after the TKA and was not an intraoperative complication
like ours. Technical errors that can lead to intraoperative
fractures include improper bone cuts, aggressive impaction
during impaction of a posterior stabilized femoral compo-
nent, and eccentrically placing a trial component [8]. We
were unable to find any other literature describing complica-
tions related to the bone mulch ACL screw. Our patient had
other risk factors such as being a female, having a history of
rheumatoid arthritis, and corticosteroid use, but it was not
until the bone mulch screw was removed intraoperatively
that the fracture occurred.

As previously mentioned, treatment for periprosthetic
fractures includes internal versus external fixation, prosthe-
ses with increasing constraint, and stemmed options. Exter-
nal fixation has largely been abandoned as a treatment
option due to poor outcomes with pin tract infections and
the potential for deep infection [15]. ORIF is a common

Figure 4: Immediate postoperative radiographs following hinged
distal femoral replacement.
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and successful treatment option. ORIF is associated with a
higher nonunion rate than RIMN, while RIMN is associated
with a higher rate of malunion [13]. When components are
loose, a revision must be performed to a stemmed compo-
nent. However, when poor bone stock is present or if there
is a highly comminuted fracture, a distal femoral replacement
may need to be performed. Distal femoral replacement
should be reserved as a last resort due to the significant
amount of bone that must be removed, uncertain implant
longevity, and few bailout treatment options that remain
[9, 10, 14]. Kim et al. report that these implants should not
be used in patients who are young and active, even if there
is poor bone stock due to the highly likelihood of early failure
and few alternative treatment options [8]. Our patient has
been lost to follow-up; however, to our knowledge, she has
not undergone any revision since her distal femoral replace-
ment. Lundh et al. found that their 17 patients who under-
went megaprostheses of the knee or hip for fractures had
94% implant survival at 44 months [14]. Several shortcom-
ings of our case include no follow-up data after 6 months
and no pain analog or functional score data being collected,
as well as our small sample size. Mortazavi et al. evaluated
20 patients (22 knees) that underwent distal femoral replace-
ment. Of those, they obtained preoperative clinical knee soci-
ety scores (KSS) of 71.8 and functional KSS scores of 42.7 on
10 patients. Postoperatively, the 16 patients followed up
long-term had a mean clinical score of 82.8 and mean func-
tional score of 40. They did note a high complication rate
with 8 postoperative complications that did not require sur-
gical intervention. Five patients required repeat surgical
intervention. They did not note any deep infections [10]. Dis-
cretion should be used when using these implants as they
have a high complication rate and a relatively high failure
rate due to infection and aseptic loosening. Even in the face
of poor bone stock, young and active patients should have
other forms of reconstruction attempted first [8, 10]. The
patient noted in our case was relatively young; however, there
were no other salvageable treatments noted intraoperatively.
She had significant improvement of her pain and function
postoperatively with good function. In the indicated cases,
distal femoral replacement is a viable treatment option for
periprosthetic fractures.

4. Conclusion

Periprosthetic fractures are difficult to treat and may compli-
cate attempted total knee arthroplasty in patients with a pre-
vious ACL reconstruction. Distal femoral replacement is a
viable option for treatment in comminuted bicondylar distal
femoral fractures in patients with poor bone stock.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] S. Kurtz, K. Ong, E. Lau, F. Mowat, and M. Halpern, “Projec-
tions of primary and revision hip and knee arthroplasty in

the United States from 2005 to 2030,” The Journal of Bone
and Joint Surgery-American Volume, vol. 89, no. 4, pp. 780–
785, 2007.

[2] A. C. M. Chong, B. T. Fisher, L. N. MacFadden, and B. E. Piatt,
“Prior anterior cruciate ligament reconstruction effects on
future total knee arthroplasty,” The Journal of Arthroplasty,
vol. 33, no. 9, pp. 2821–2826, 2018.

[3] National Institutes of Health (NIH) and National Institute of
Arthritis and Musculoskeletal and Skin Diseases (NIAMS),
“Prognosis and predictors of ACL reconstruction - a multicen-
ter cohort study,” 2015, October 2019, http://clinicaltrials.gov/
ct2/show/NCT00463099.

[4] R. A. Magnussen, G. Demey, S. Lustig, E. Servien, and
P. Neyret, “Total knee arthroplasty for secondary osteoarthri-
tis following ACL reconstruction: a matched-pair comparative
study of intra-operative and early post-operative complica-
tions,” The Knee, vol. 19, no. 4, pp. 275–278, 2012.

[5] L. Padgett, Surgical Technique for the Cannulated Bone Mulch
Screw and WasherLoc Device, Biomet, Inc., 2002.

[6] H. P. Bezwada, P. Neubauer, J. Baker, C. L. Israelite, and N. A.
Johanson, “Periprosthetic supracondylar femur fractures fol-
lowing total knee arthroplasty,” The Journal of Arthroplasty,
vol. 19, no. 4, pp. 453–458, 2004.

[7] K. J. Alden, W. H. Duncan, R. T. Trousdale, M. W. Pagnano,
and G. J. Haidukewych, “Intraoperative fracture during pri-
mary total knee arthroplasty,” Clinical Orthopaedics and
Related Research®, vol. 468, no. 1, pp. 90–95, 2010.

[8] K.-I. Kim, K. A. Egol, W. J. Hozack, and J. Parvizi, “Peri-
prosthetic fractures after total knee arthroplasties,” Clinical
Orthopaedics and Related Research, vol. 446, pp. 167–175,
2006.

[9] M. J. Kraay, V. M. Goldberg, M. P. Figgie, and H. E. Figgie III,
“Distal femoral replacement with allograft/prosthetic recon-
struction for treatment of supracondylar fractures in patients
with total knee arthroplasty,” The Journal of Arthroplasty,
vol. 7, no. 1, pp. 7–16, 1992.

[10] S. M. J. Mortazavi, M. F. Kurd, B. Bender, Z. Post, J. Parvizi,
and J. J. Purtill, “Distal femoral arthroplasty for the treatment
of periprosthetic fractures after total knee arthroplasty,” The
Journal of Arthroplasty, vol. 25, no. 5, pp. 775–780, 2010.

[11] W. L. Healy, J. M. Siliski, and S. J. Incavo, “Operative treatment
of distal femoral fractures proximal to total knee replace-
ments,” The Journal of Bone & Joint Surgery, vol. 75, no. 1,
pp. 27–34, 1993.

[12] M. F. Hoffmann, C. B. Jones, D. L. Sietsema, S. J. Koenig, and
P. Tornetta III, “Outcome of periprosthetic distal femoral frac-
tures following knee arthroplasty,” Injury, vol. 43, no. 7,
pp. 1084–1089, 2012.

[13] B. Ristevski, A. Nauth, D. S. Williams et al., “Systematic
review of the treatment of periprosthetic distal femur frac-
tures,” Journal of Orthopaedic Trauma, vol. 28, no. 5,
pp. 307–312, 2014.

[14] F. Lundh, A. S. Sayed-Noor, O. Brosjö, and H. Bauer, “Mega-
prosthetic reconstruction for periprosthetic or highly commi-
nuted fractures of the hip and knee,” European Journal of
Orthopaedic Surgery & Traumatology, vol. 24, no. 4, pp. 553–
557, 2014.

[15] M. P. Figgie, V. M. Goldberg, H. E. Figgie III, and M. Sobel,
“The results of treatment of supracondylar fracture above total
knee arthroplasty,” The Journal of Arthroplasty, vol. 5, no. 3,
pp. 267–276, 1990.

4 Case Reports in Orthopedics

http://clinicaltrials.gov/ct2/show/NCT00463099
http://clinicaltrials.gov/ct2/show/NCT00463099


[16] L. A. Delasotta, F. Orozco, A. G. Miller, Z. Post, and A. Ong,
“Distal femoral fracture during primary total knee arthro-
plasty,” Journal of Orthopaedic Surgery, vol. 23, no. 2,
pp. 202–204, 2015.

[17] T. Kudo, H. Tohyama, A. Minami, and K. Yasuda, “The effect
of cyclic loading on the biomechanical characteristics of the
femur–graft–tibia complex after anterior cruciate ligament
reconstruction using Bone Mulch™ screw/WasherLoc™ fixa-
tion,” Clinical Biomechanics, vol. 20, no. 4, pp. 414–420, 2005.

[18] E. Monaco, L. Labianca, A. Speranza et al., “Biomechanical
evaluation of different anterior cruciate ligament fixation tech-
niques for hamstring graft,” Journal of Orthopaedic Science,
vol. 15, no. 1, pp. 125–131, 2010.

[19] T. Leroux, D. Ogilvie-Harris, T. Dwyer et al., “The risk of knee
arthroplasty following cruciate ligament reconstruction: a
population-based matched cohort study,” The Journal of Bone
and Joint Surgery-American Volume, vol. 96, no. 1, pp. 2–10,
2014.

[20] T. S. Watters, Y. Zhen, J. R. Martin, D. L. Levy, J. M. Jennings,
and D. A. Dennis, “Total knee arthroplasty after anterior cru-
ciate ligament reconstruction: not just a routine primary
arthroplasty,” The Journal of Bone and Joint Surgery, vol. 99,
no. 3, pp. 185–189, 2017.

[21] S. Kooner, E. Gibson, and M. Clark, “Periprosthetic total knee
fracture after remote reconstruction of the anterior cruciate
ligament: a case report,” Journal of Medical Case Reports,
vol. 11, no. 1, p. 276, 2017.

5Case Reports in Orthopedics



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

