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a b s t r a c t

Acute patellar ligament disruption in the setting of a distal femur fracture is an uncommon presentation
with a variety of treatment options available to the practitioner. The following case report presents an
85-year-old female with a highly comminuted supracondylar distal femur fracture with intercondylar
extension and a soft-tissue avulsion of the patellar ligament insertion discovered intraoperatively. A
detailed technique review for acute patellar ligament repair with suture anchors and synthetic mesh
reinforcement in the setting of distal femoral replacement is then provided. One-year follow-up revealed
an intact extensor mechanism with minimal extensor lag and a painless gait. Surgeons faced with such a
unique, complex problem may consider mesh augmentation of an acute patellar ligament repair while
performing distal femoral replacement.
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 license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Distal femur fractures can be devastating injuries in the
elderly, resulting in morbidities and mortality similar to those
with geriatric femoral neck fractures [1,2]. Highly comminuted
fractures involving the articular surface and metaphyseal region
impose a significant task upon the orthopedic surgeon. If open
reduction with internal fixation (ORIF) is not viable, an alterna-
tive option is prosthetic replacement using a distal femoral
replacement (DFR). This technique was first described in 1982
and is now widely accepted and utilized among orthopedic sur-
geons [3]. Patellar ligament disruption in the setting of a closed
supracondylar femur fracture is exceptionally rare [4]. The
following work describes a combination of 2 well-described
surgical techniques for acute repair of a patellar ligament soft-
tissue avulsion off the tibial tubercle using suture anchors
bolstered with synthetic mesh in the setting of a DFR for a distal
femur fracture. One-year follow-up was completed with
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excellent clinical outcomes and patient satisfaction. The purpose
of this case report is to present a complex problem and detailed
surgical technique for future surgeons to employ and successfully
treat such patients.
Case history

Consent was obtained from the patient for the writing of this
manuscript and publication. The patient was an 85-year-old female
community ambulator without assisted devices who was involved
in a head-on motor vehicle collision. Pertinent medical history
included insulin-dependent diabetes mellitus. On initial physical
exam, the patient complained of right knee and foot pain with
significant swelling and obvious deformity without open wounds.
She was found to be neurovascularly intact distally. Plain radio-
graphs of the right knee revealed a highly comminuted and
shortened supracondylar distal femur fracture with intercondylar
extension as well as a Chopart fracture dislocation of the ipsilateral
foot (Fig. 1). Proximal tibial skeletal traction was placed, and the
Chopart dislocation reduced and splinted. The case was reviewed
by several orthopedic traumatologists that determined her to be a
poor candidate for ORIF due to significant articular and
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Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by/4.0/
mailto:cwpowell91@gmail.com
www.sciencedirect.com/science/journal/23523441
http://www.arthroplastytoday.org/
https://doi.org/10.1016/j.artd.2022.04.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.artd.2022.04.001
https://doi.org/10.1016/j.artd.2022.04.001


Figure 1. Anteroposterior (a) and lateral (b) injury radiographs demonstrating supracondylar intercondylar distal femur fracture with intercondylar extension with significant
comminution of the articular and metaphyseal segments. Insall-Salvati ratio of 1.5.
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metaphyseal comminution. A referral was placed to an orthopedic
joint reconstruction surgeon for consideration of a DFR.

Surgical technique

Once adequately stabilized and resuscitated, the patient was
taken to the operating room for DFR. Intraoperative images were
not obtained. However, a cadaveric specimen was utilized to
recreate the patellar ligament avulsion and simulate suture anchor
repair with synthetic mesh augmentation as detailed in Figure 2.
An anterior midline incision was utilized. Upon further dissection,
her patellar ligament soft tissue was found to be completely
stripped from the tibial tubercle in its entirety, which was not
previously recognized on injury films. A medial parapatellar
arthrotomy to include a prior traumatic retinacular and capsular
tear was completed. Greater than 7 independent articular frag-
ments were identified and subperiosteally excised. Further
dissection revealed similar comminution of the metaphyseal
segment with fragments removed in a similar fashion.

The distal femur metadiaphyseal regionwas exposed allowing a
freshening cut to be carried out proximal to the metaphyseal
comminution followed by reaming and trialing of the femoral
component. Once satisfied, attention was turned to the tibial cut
and preparation followed by trialing of the hinged components.
Soft-tissue tensioning, gaps, leg length, and alignment were found
to be appropriate. The patella was then measured and prepared.
Attention was then turned to fixation of the synthetic mesh, which
was a Bard Mesh, 10 in � 14 in (25 cm � 35.5 cm) by Becton,
Dickinson and Company (BD) medical technology company,
Franklin Lakes, NJ (Fig. 2a) [5]. The original description of the
employed technique was described by Browne and Hanssen, spe-
cifically in the intramedullary position [6]. The mesh was folded 10
layers thick and approximately 2 cm wide and held with nonab-
sorbable suture (Fig. 2b). The proximal tibia was prepared for mesh
placement within the intramedullary canal using a proximal met-
aphyseal reamer. Additionally, an anterior cortical notch matching
the approximate width of the mesh and less than 5 mm in length
was formed with a rongeur allowing anterior egress of the mesh
from the eventual intramedullary position (Fig. 2c). Confirmation of
adequate preparation was obtained by placing the mesh into the
canal with the trial tibial component. Both intramedullary canals
and bony surfaces were prepared for cementation followed by
placement of cement restrictors. The mesh and tibial implant were
then cemented into position with 2 to 5 cm of graft seated into the
canal (Fig. 2d). This was held in place until hard with excess cement
removed. Once cement hardening was confirmed, traction was
applied to the mesh confirming fixation within the canal, allowing
the surgeon to elevate the tibia independently from the surgical
table. The femoral and patellar components were cemented into
position using a second package of cement, the polyethylene liner
impacted into position, and the hinge mechanism assembled. The
tourniquet was deflated, and hemostasis was obtained.

The mesh was then tunneled between the infrapatellar fat pad
and ligament exiting through the lateral retinaculum to create soft-
tissue interposition between the mesh and the tibial components
and polyethylene liner (Fig. 2e). Two suture anchors were then
placed on the medial and lateral borders of the tibial tubercle.
Krakow sutures were placed through the patellar ligament while
providing inline distal traction to the ligament (Fig. 2f). Once
secured, anatomic approximation of the patellar ligament to its
footprint was achieved. The knee was ranged to 60 degrees of
flexion to ensure the extensor mechanism functioned as a single
unit as well as to assess for individualized potential for advance-
ment of range-of-motion restrictions postoperatively similar to that
described by Browne and Hanssen [6].

The mesh was then passed proximally through a lateral reti-
nacular tunnel advancing proximally, superficial to the quadriceps
tendon (Fig. 2g). The mesh was secured along its path with single-
stranded polyethylene suture. The retinacular tunnel was closed
over the mesh. Finally, the vastus medialis oblique is brought
laterally to cover the proximal mesh and secured to vastus lateralis
(Fig. 2h). The proximal arthrotomywas closed in a standard fashion.



Figure 2. Surgical technique: (a) Bard Mesh, 10 in � 14 in (25 cm � 35.5 cm). (b) The mesh was folded 10 layers thick and approximately 2 cm wide and held with nonabsorbable
suture. (c) An anterior cortical notch was formed with a rongeur approximately the width of the mesh and approximately 5 mm in length. (d) Two to five centimeter of mesh was
cemented into the canal with the final tibial component. (e) The mesh was then tunneled between the retropatellar fat pad and ligament exiting through the lateral retinaculum. (f)
Two suture anchors were placed medial and lateral to the tibial tubercle and Krakow stitched to the patellar ligament and tensioned, returning the ligament to its native footprint.
(g) The mesh was then passed proximally through a lateral retinacular tunnel advancing proximally, superficial to the quadriceps tendon securing the mesh along its path with
single-stranded polyethylene suture. (h) The retinacular tunnel is closed. Additionally, the vastus medialis oblique is mobilized, brought laterally covering the mesh overlying the
quadriceps tendon, and secured to the vastus lateralis with single-stranded polyethylene suture.
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Again, the extensor mechanism was assessed to 60 degrees of
flexion with no excess tension applied to the patellar ligament
insertion allowing ascertainment of previously mentioned param-
eters as well as to ensure appropriate patellar tracking after mesh
placement. Intrawound antibiotics and hemostatic agents were
injected into the joint as well as placed superficial to the arthrot-
omy followed by a layered closure and finally application of inci-
sional negative pressure wound therapy. Closed reduction and
splinting in anatomic alignment of the Chopart joint were carried
out.

The patient was made non-weight-bearing due to the Chopart
dislocation. Neither a hinge knee brace locked in full extensionwith
no range of motion nor quadriceps isometric exercises restrictions
were applied. While many surgeons advocate casting post-
operatively, the primary investigator elected to utilize a hinge knee
brace for the following reasons: excellent patient reliability
demonstrated preoperatively, easier access for direct wound care
purposes, avoidance of potential soft-tissue complications from
long-term casting, and lighter weight allowing for increased ease
with postoperative mobilization. Deep vein thrombosis and anti-
biotic surgical prophylaxis were initiated. She was neurovascularly
intact postoperatively, following postoperative restrictions, and
discharged home once she met appropriate criteria. The patient
was seen at approximately 2 weeks postoperatively with pristine
incisions. Radiographs revealed components to be well aligned,
sized, and fixed with an Insall-Salvati ratio of 1.18 (Fig. 3). Foot ra-
diographs revealed maintenance of reduction. The hinge knee
brace was continued, locked in full extension with application of a
short leg cast and continued non-weight-bearing restrictions. At 6
weeks postoperatively, radiographs were unchanged. The patient
could maintain active knee extension with no extensor lag. Non-
weight-bearing restrictions were continued. The patient was
allowed active knee flexion to 30 degrees, advancing 10 degrees per
week, with no active knee extension or passive flexion. The hinge
knee brace was locked in extension at night. At 3 months, the pa-
tient’s passive knee range of motion was 0 to 45 degrees, and there
was no extensor lag with active extension. Radiographic assess-
ment remained unchanged. The patient was made weight-bearing
with full active and passive range of motion as tolerated. At 4
Figure 3. Anteroposterior (a and b) and lateral (c) 2-week postoperative radiographs demon
and fixation. Insall-Salvati ratio of 1.18.
months, the patient was ambulating with a rolling walker in a boot
with passive knee range of motion of 0 to 110 degrees with less than
5 degrees of extensor lag. The patient was transitioned to an ath-
letic shoe with a scheduled 1-year postoperative follow-up. At 1
year, the patient was ambulating with the use of a rolling walker
while out of the house. Physical exam revealed active flexion and
extension from 130 degrees to �5 degrees from full extension
(Fig. 4). Radiographs revealed maintained alignment and fixation of
the femoral and tibial components as well as integrity of the
extensor mechanism (Fig. 5). Annual follow-up was scheduled.

Discussion

DFR is a viable option for distal femur fracture, with studies
comparing surgical fixation to arthroplasty finding similar out-
comes and overall complication rates [7e11]. Specific types of
complications, however, vary between the 2 procedures. Potential
complications of DFR include extensor mechanism disruption
despite being intact at the index procedure, later failure with
loosening, prosthetic joint infection, and limited salvage options if
treatment fails or major complications develop. Complications of
ORIF, in contrast, include nonunion, malunion, knee stiffness, and
compromised function, with the latter 2 likely related to prolonged
non-weight-bearing following the operation [12]. A benefit of DFR
is the allowance of immediate postoperative full weight-bearing
and decreased time to mobilization. Due to the presented pa-
tient’s ipsilateral Chopart dislocation, weight-bearing restrictions
were required for 3 months postoperatively. It is unknown how this
would have affected the patient’s outcome.

Other considerations with our patient presentation include
the technique for repair of her extensor mechanism disruption.
In chronic cases, primary repair has largely been abandoned and
replaced by reconstructive methods such as medial gastrocne-
mius flap reconstruction, alloplastic cord, allograft, and synthetic
mesh [6,13e15]. In contrast, acute presentation allows for direct
primary repair. In the setting of significant soft-tissue stripping
and retinacular and capsular destruction as that found with
distal femoral fracture, the surgeon may wish to bolster the
acute repair using described reconstructive techniques with
strating cemented distal femoral replacement with maintenance of alignment, rotation,



Figure 4. Photographs demonstrating (a) active flexion to approximately 130 degrees and (b) active extension to approximately 5 degrees from full extension at one-year follow-up
appointment.
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synthetic mesh. Additionally, due to the known complication of
extensor mechanism disruption following arthroplasty, it may
be prudent to include a secondary fixation construct following
direct repair. The literature describing proximal tibial modular
endoprosthetic reconstructions comparing direct reattachment
of the extensor mechanism to mesh augmented reattachment
showed a lower incidence and smaller degree of extensor lag
with mesh reconstruction [16]. Additionally, when compared
with allograft, the use of synthetic mesh has shown equivalent
success of reconstruction and knee outcome scores while
Figure 5. Anteroposterior (a and b) and lateral (c) 1-year postoperative radiographs demons
and fixation. Insall-Salvati ratio of 1.22.
potentially eliminating pitfalls of allograft including availability,
graft mismatch to host, immune reaction, disease transmission,
and cost [17].

Primary repair of a patellar ligament avulsion from its tibial
tubercle insertion is possible in the acute setting. When signifi-
cant soft-tissue stripping is present or a large arthrotomy is
performed for arthroplasty, bolstering of the primary repair can be
completed with synthetic mesh. For those completing DFR for
distal femoral fractures, having synthetic mesh readily available is
wise as patellar ligament disruption may be missed during
trating cemented distal femoral replacement with maintenance of alignment, rotation,
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preoperative planning as occurred in the presented case. This
repair allows range-of-motion limitations to be gradually
decreased at 6 weeks postoperatively, with excellent clinical
outcomes and patient satisfaction at 1 year.

Summary

This case report describes a combination of 2 well-described
techniques that could aid orthopedic surgeons in addressing such
a unique scenario. Future studies on this topic should focus on
prospectively comparing this technique with previously described
methods for extensor mechanism reconstructions in patients un-
dergoing arthroplasty for fracture.

Conflict of interest

The authors declare that there are no conflicts of interest.
For full disclosure statements refer to doi:10.1016/j.artd.2022.

04.001.

Informed patient consent

The author(s) confirm that informed consent has been obtained
from the involved patient(s) or if appropriate from the parent,
guardian, power of attorney of the involved patient(s); and, they
have given approval for this information to be published in this case
report (series).

References

[1] Myers P, Laboe P, Johnson KJ, et al. Patient mortality in geriatric distal femur
fractures. J Orthop Trauma 2018;32:111e5. https://doi.org/10.1097/BOT.000
0000000001078.

[2] Konda SR, Pean CA, Goch AM, et al. Comparison of short-term outcomes of
geriatric distal femur and femoral neck fractures: results from the NSQIP
database. Geriatr Orthop Surg Rehabil 2015;6:311e5. https://doi.org/10.1177/
2151458515608225.

[3] Wolfgang GL. Primary total knee arthroplasty for intercondylar fracture of the
femur in a rheumatoid arthritic patient. A case report. Clin Orthop 1982;171:
80e2.
[4] Aharram S, Mounir Y, Derfoufi A, et al. Patellar tendon rupture with distal
closed fracture of the ipsilateral femur. Pan Afr Med J 2019;26:32. https://
doi.org/10.11604/pamj.2019.32.149.17723.

[5] https://www.bd.com/en-us/products-and-solutions/products/product-page.01
12660. Becton, Dickinson and Company. 1 Becton Drive Franklin Lakes, NJ
07417-1880 [accessd 2.11.2022].

[6] Browne J, Hanssen A. Reconstruction of patellar tendon disruption after total
knee arthroplasty: results of a new technique utilizing synthetic mesh. J Bone
Joint Surg Am 2011;93:1137e43. https://doi.org/10.2106/JBJS.J.01036.

[7] Beltran MJ, Gary JL, Collinge CA. Management of distal femur fractures with
modern plates and nails: state of the art. J Orthop Trauma 2015;29:165e72.
https://doi.org/10.1097/BOT.0000000000000302.

[8] Kubiak EN, Beebe MJ, North K, et al. Early weight bearing after lower ex-
tremity fractures in adults. J Am Acad Orthop Surg 2013;21:727e38. https://
doi.org/10.5435/JAAOS-21-12-727.

[9] Son DW, Kim HS, Choi WY. Risk factors for knee stiffness in distal femoral
fractures. J Korean Fract Soc 2018;31:123e31. https://doi.org/10.12671/
jkfs.2018.31.4.123.

[10] Thomson AB, Driver R, Kregor PJ, et al. Long-term functional outcomes after
intra-articular distal femur fractures: ORIF versus retrograde intramedullary
nailing. Orthopedics 2008;31:748e50. https://doi.org/10.3928/01477447-
20080801-33.

[11] KorimMT, Esler CNA, Reddy VRM, et al. A systematic review of endoprosthetic
replacement for non-tumour indications around the knee joint. Knee
2013;20:367e75. https://doi.org/10.1016/j.knee.2013.09.001.

[12] Salazar BP, Babian AR, DeBaun MR, et al. Distal femur replacement versus
surgical fixation for the treatment of geriatric distal femur fractures: a sys-
tematic review. J Orthop Trauma 2021;35:2e9. https://doi.org/10.1097/
BOT.0000000000001867.

[13] Gitomirski ML, Finn HA. Medial gastrocnemius flap for reconstruction of knee
extensor mechanism disruption after total knee replacement (TKR). Surg
Technol Int 2004;12:221e8.

[14] Holzapfel BM, Pilge H, Toepfer A, et al. Proximal tibial replacement and
alloplastic reconstruction of the extensor mechanism after bone tumor
resection. Oper Orthop Traumatol 2012;24:247e62. https://doi.org/10.1007/
s00064-012-0187-2.

[15] Diaz-Ledezma C, Orozco FR, Delasotta LA, et al. Extensor mechanism recon-
struction with achilles tendon allograft in TKA: results of an abbreviate
rehabilitation protocol. J Arthroplasty 2014;29:1211e6. https://doi.org/
10.1016/j.arth.2013.12.020.

[16] Osman EA, Bu�gra A, Emre O, et al. Functional and radiologic results of extensor
mechanism reconstruction methods following proximal tibial modular
endoprosthetic reconstructions: direct versus medical textile augmented
reattachment. Knee 2021;30:337e43. https://doi.org/10.1016/j.knee.2021.
04.020.

[17] Shau D, Patton R, Patel S, et al. Synthetic mesh vs. allograft extensor mecha-
nism reconstruction in total knee arthroplasty - a systematic review of the
literature and meta-analysis. Knee 2018;25:2e7. https://doi.org/10.1016/
j.knee.2017.12.004.

https://doi.org/doi:10.1016/j.artd.2022.04.001
https://doi.org/doi:10.1016/j.artd.2022.04.001
https://doi.org/10.1097/BOT.0000000000001078
https://doi.org/10.1097/BOT.0000000000001078
https://doi.org/10.1177/2151458515608225
https://doi.org/10.1177/2151458515608225
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref3
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref3
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref3
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref3
https://doi.org/10.11604/pamj.2019.32.149.17723
https://doi.org/10.11604/pamj.2019.32.149.17723
https://www.bd.com/en-us/products-and-solutions/products/product-page.0112660
https://www.bd.com/en-us/products-and-solutions/products/product-page.0112660
https://doi.org/10.2106/JBJS.J.01036
https://doi.org/10.1097/BOT.0000000000000302
https://doi.org/10.5435/JAAOS-21-12-727
https://doi.org/10.5435/JAAOS-21-12-727
https://doi.org/10.12671/jkfs.2018.31.4.123
https://doi.org/10.12671/jkfs.2018.31.4.123
https://doi.org/10.3928/01477447-20080801-33
https://doi.org/10.3928/01477447-20080801-33
https://doi.org/10.1016/j.knee.2013.09.001
https://doi.org/10.1097/BOT.0000000000001867
https://doi.org/10.1097/BOT.0000000000001867
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref13
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref13
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref13
http://refhub.elsevier.com/S2352-3441(22)00097-8/sref13
https://doi.org/10.1007/s00064-012-0187-2
https://doi.org/10.1007/s00064-012-0187-2
https://doi.org/10.1016/j.arth.2013.12.020
https://doi.org/10.1016/j.arth.2013.12.020
https://doi.org/10.1016/j.knee.2021.04.020
https://doi.org/10.1016/j.knee.2021.04.020
https://doi.org/10.1016/j.knee.2017.12.004
https://doi.org/10.1016/j.knee.2017.12.004


Appendix

1. An 85-year-old female presents with a highly comminuted distal
femur fracture following a high-speed motor vehicle crash.
Clinical exam is significant for a palpable defect at the insertion
point of the patellar ligament. The decision is made to proceed
with acute distal femoral replacement. Treatment of the asso-
ciated injury shown in the Figure A can best be accomplished by

1. Allograft
2. Medial gastrocnemius flap reconstruction
3. Alloplastic cord
4. Suture anchor repair with synthetic mesh
5. Nonoperative care with knee immobilizer postoperatively.

Discussion: The above radiograph reveals a highly comminuted
distal femoral fracture with disruption of the extensor mecha-
nism. Answers A, B, and C are typically completed for chronic
patellar ligament reconstruction. Answer E is inappropriate for
extensor mechanism disruption in the setting of DFR.

2. An 85-year-old female presents with a highly comminuted distal
femur fracture following a high-speed motor vehicle crash
(Figure A). Clinical exam is significant for a palpable defect at the
insertion point of the patellar ligament. She is found to have a
patellar ligament disruption at its tibial insertion intraoperatively.

The decision is made to proceed with acute distal femoral
replacement with direct repair with mesh augmentation. Post-
operative restriction should include

1. Non-weight-bearing for 6 weeks
2. Aggressive range of motion immediately
3. Continuous passive motion machine once wounds have healed
4. Full extension until 6 weeks postoperatively with graduate

return
5. Hinge knee brace set 0-30 degrees immediately

Discussion: The above radiograph reveals a highly comminuted
distal femoral fracture with disruption of the extensor mecha-
nism repaired with suture anchor and mesh augmentation.
Answer D has been shown to protect the repair with knee range
of motion of 0 to 110 degrees with less than 5 degrees of
extensor lag at 1 year.

3. An 85-year-old female presents with a highly comminuted
distal femur fracture following a high-speed motor vehicle
crash (Figure A). Clinical exam is significant for a palpable
defect at the insertion point of the patellar ligament. She is
found to have a patellar ligament disruption at its tibial inser-
tion intraoperatively. The decision is made to proceed with
acute distal femoral replacement with direct repair using mesh
augmentation. Fixation of the mesh distally best can be
accomplished by
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1. Bone tunnels distally in the tibiawith suture fixation to themesh
2. Two double loaded anchors
3. Suture fixation to periosteum and anterior compartment fascia
4. Cementing into the canal with the tibial component
5. Cerclage wire

Discussion: Answer D has been shown to provide strong distal
fixation of synthetic mesh without impacting tibial component
placing. One can ensure it fits into the canal with the component
while trialing. Fixation can then be tested intraoperatively once
the cement mantle is hardened by simply lifting the mesh and
the tibia along with it.
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