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Abstract
Purpose  Nonunion is a common complication after a distal femoral fracture (DFF). Standard treatment consists of revision 
plating and/or bone grafting. Single lateral plating for a distal femoral nonunion can be insufficient in case of a persistent 
medial gap and compromised bone stock. Alternatively, dual plating can be used to treat a distal femoral nonunion, but to 
date there is no Gold standard. The aim of our study was to report our results after use of a minimally invasively placed 
proximal humeral internal locking system (Philos) plate as a medial buttress in the treatment of a distal femoral nonunion.
Methods  Fifteen adult patients with a distal femoral nonunion were prospectively entered in a trauma database and ret-
rospectively assessed. All patients underwent a similar operation, which included removal of failed hardware, nonunion 
debridement, fixation with a lateral plate, and a medial Philos plate combined with bone grafting. Data collected included 
union rate, time to union, complications and functional outcome.
Results  In twelve out of fifteen patients (80%), the fracture united after our index operation. Median time to union was 
4.8 months (range 1.6–15). Three patients (20%) needed additional bone grafting surgery. One patient underwent a Judet 
quadricepsplasty.
Conclusion  This study suggests that the Philos plate is a safe and effective adjunct as a medial buttress plate for distal femoral 
nonunions.

Keywords  Distal femoral fracture · Nonunion · Dual Plating · Philos

Introduction

Distal femoral fractures (DFF) account for about 5% of all 
femoral fractures. The incidence will continue to grow as 
the population ages [1, 2]. These fractures are most often 
treated using a (minimally invasive) locking compression 
plate (LCP) or retrograde intramedullary nail (RIMN) [3, 
4]. DFFs are often intra-articular fractures with metaphyseal 
comminution, which makes achieving adequate reduction 
challenging [5]. In addition, the short distal femur fragment, 
the proximity of the knee joint, and the poor bone quality 
predispose to complications after fixation [6, 7].

Numerous studies have reported on nonunion following 
a DFF, with rates varying widely (0–31.8%) [3]. Nowadays, 
a pragmatic definition is used: “a nonunion is a fracture that 
will not heal without further surgical intervention”. This def-
inition shortens the classic time of 9 months to intervention 
significantly. However, this definition leaves an interpreta-
tion gap between the treating surgeons.

Nonunions of the distal femur often present with loss 
of vital bone stock, osteopenia and stiffness. A persistent 
medial cortical gap leads to inadequate support with pro-
gressive varus malalignment resulting in collapse and hard-
ware failure [8–10]. Literature suggests salvage with addi-
tion of a medial plate if single lateral plating is insufficient, 
but there is no consensus on which plate type to use [10–13].

We have used the proximal humeral internal locking sys-
tem (Philos) plate for this location. This plate was originally 
designed for the proximal part of the humerus, but its flex-
ibility and shape allow for application in other parts of the 
human body [14, 15]. To the best of our knowledge, there are 
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no studies on the use of dual-plate fixation using the Philos 
plate for distal femoral nonunions (DFN).

The aim of our study was to investigate the applicabil-
ity and outcome of the Philos plate in dual plating of distal 
femoral nonunions.

Methods

Patient cohort

For our retrospective cohort study, we searched the data-
base of senior author’s logbook for patients treated for a 
DFN. Fifteen patients met the following inclusion criteria: 
(1) persistent nonunion after initial DFF treatment, (2) surgi-
cal treatment consisting of dual plating with a Philos plate 
on the medial side of the distal femur, (3) minimum age of 
18 years old at the time of surgery. Exclusion criteria were: 
(1) no informed consent, (2) lack of previous DFF treatment 
history and/or incomplete files, (3) pathologic fractures. We 
obtained IRB-approval.

The first surgical intervention to procure healing was 
considered the initial DFF treatment and was often (13/15) 
performed in another institution. The surgical intervention 
using the Philos plate was considered the index procedure. 
Two patients in our cohort received all interventions and 
follow-up appointments in another medical facility, but 
were operated on by the senior author. As we had sufficient 
follow-up data, they were included in our study. Patient 
demographics, treatment history and fracture characteristics 
were documented. The nonunion severity score (NUSS) was 
calculated [16].

Surgical technique

In eight patients, we started harvesting posterior iliac crest 
bone graft (ICBG) because the anterior ICBG had already 
been used previously, or because we anticipated the need for 
a large (up to 6–7 cm) tricortical graft. No antibiotics were 
administered before five deep cultures from the nonunion 
site were taken. All failed hardware was removed; lateral 
plates remained in situ if they were stable. The prosthetic 
implant in four patients was checked intra-operatively. None 
were loose. Adhesions between quadriceps and femur were 
removed. Non-viable fragments were aggressively debrided 
using a scalpel, rongeur or electrocautery. The nonunion was 
opened and the bone marrow canal was drilled anterograde 
and retrograde until blood was seen to egress. An area of 
2.5 cm on the visible anterolateral and posterolateral surface 
was petalled with a sharp osteotome to increase bleeding 
bone surface. Large defects were filled with either tricortical 
ICBG, autologous grafts or allografts from the bone bank.

For lateral fixation, we used different plate types being 
a variable angle (VA) distal femur lateral condylar plate 
(VA-LCP, DePuy Synthes, Amersfoort, the Netherlands), 
a 95-degree condylar blade plate (DePuy Synthes), a less 
invasive stabilization system (LISS, DePuy Synthes) plate 
or an AxSOS locking plate (Stryker, Amsterdam, the Neth-
erlands). After correction of alignment, the AO-tensioner 
device was used to compress the nonunion while maintain-
ing alignment. The plate was then fixated with hybrid fixa-
tion. Using a minimal invasive technique the Philos plate 
was inserted from distal to proximal along the medial side 
of the distal femur (Fig. 1). Proximally the plate was percu-
taneously fixed using cortical screws, distally using locking 
screws.

Fig. 1   Application of the Philos plate on the distal femur. Medial incision on the distal femur (a). The Philos plate which is inserted along the 
medial border using a small single incision (b) Percutaneous minimal invasive attachment of the plate to the femur (c, d)
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Post‑operative management and follow‑up

On post-operative day one, the patient started toe-touch 
weight bearing. Continuous passive motion (CPM) machine 
was used for three patients because they had undergone 
extensive adhesiolysis. Antibiotic use was continued until all 
cultures were proven negative. If two or more of five cultures 
resulted positive a personalized plan to treat infection was 
obtained. Toe-touch weight baring was allowed for 6 weeks 
after operation, approval for further increase in weightbear-
ing was given if patients were in good clinical condition 
and/or radiographic imaging showed sufficient strength of 
the bone. Follow up was performed at 6 weeks, 3 months, 
6 months and 1 year after surgery. In addition, we used the 
Knee Injury and Osteoarthritis Outcome Score (KOOS) [17] 
as a patient derived outcome score.

Results

We identified 15 patients (9 females) with a median age of 
68 (range 19–81) who underwent surgery for a DFN using 
the Philos plate as a medial buttress between November 
2013 and October 2019. Fall from standing height was the 
most common low energy trauma (LET) cause (n = 5). A 
motor vehicle accident (MVA) was the fracture cause for all 
patients involved in a high-energy trauma (HET) (n = 6). In 
one patient, mechanism of injury (MOI) was not specified. 
Fractures were classified using the AO/OTA classification 
system. Four patients sustained a DFF above total knee pros-
thesis. Fractures were classified as open (4/15) or closed 

(11/15) according to the Gustilo-Anderson Classification 
system. Three patients presented with a broken plate. For 
specifications and additional demographics, see Table 1.

Initial treatment strategies differed; eleven patients 
were treated with single lateral plating alone, four patients 
received plating combined with bone grafting (Table 2). Pre-
sumed underlying nonunion causes were lack of medial cor-
tical support resulting in a persistent medial gap (14/15) and 
inadequate lag-screw fixation and a too short plate (1/15). 
In addition, preoperatively taken computed tomography 
(CT) scans were screened for sclerotic closure of the mar-
row canal at the proximal and distal femur fragment around 
the nonunion. The canal appeared open on both sides in six 
patients, and closed in seven. In one patient, only the proxi-
mal fragment appeared open. For one patient, there was no 
pre-operative CT scan available. No patients presented with 
an active infection (i.e. no draining sinuses or open wounds).

All patients had undergone multiple previous surger-
ies (median 2; range 2–8). Median time from initial DFF 
treatment to our index procedure was 13 months (range 
6.8–40.5). Nonunions were classified as hypertrophic 
(n = 4), oligotrophic (n = 10) or atrophic (n = 1) according 
to the Weber&Çech classification system. Median nonunion 
severity score (NUSS) was 34 (range 26–58) (Table 2).

Seven patients received a VA-LCP, six a 95-degree con-
dylar blade plate (in one patient the angular blade plate was 
not replaced), one a LISS plate and one an AxSOS locking 
plate. For medial fixation, all patients received the Philos 
plate, but different lengths were used: short in three patients, 
Philos long with 5 shaft holes for one patient, with 7 holes 
for one patient, with 8 holes for eight patients and with 10 

Table 1   Patient and fracture 
characteristics

ASA American Standardisation Association; MOI mechanism of injury; AO/OTA American Orthopaedic 
Trauma Association; M Male; HET high energy trauma; F Female; LET low energy trauma; TKP total knee 
prosthesis; * Gustilo and Anderson classification

Patient Age Sex ASA Side MOI AO/OTA Prosthesis Open/Closed*

1 19 M 1 Left HET 33C3 – Open, grade II
2 30 M 1 Left HET 33C3 – Closed
3 40 M 2 Left HET 33C3 – Open, grade IIIA
4 49 M 2 Right HET 33C3 – Open, grade IIIA
5 55 F 2 Left LET 33C2 – Closed
6 58 M 3 Left HET 33C3 – Open, grade I
7 68 M 2 Right LET 33C3 – Closed
8 68 F 2 Left LET 33A3 [VB1] TKP Closed
9 71 F 3 Right HET 33A3 – Closed
10 71 F 3 Left LET 33A3 [VB1] TKP Closed
11 71 F 2 Left - 33C2 – Closed
12 71 F 3 Left LET 33A3 [VB1] TKP Closed
13 71 F 3 Right LET 33C2 – Closed
14 76 F 3 Left LET 33A3 – Closed
15 81 F 3 Left LET 33A3 [VB1] TKP Closed
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holes for two patients. We err on the long size when choos-
ing a plate size. All patients received autologous cancel-
lous ICBG. In 12 patients, this was supplemented with a 
tricortical ICBG. In 7 patients, ICBG was insufficient so 
either 5 or 10 cc allograft demineralized bone matrix (DBM, 
DePuy Synthes) was added. In two patients, we added a 
femoral head allograft because the defect was larger than 
could be filled with bone chips (Table 2). Per-operatively 
taken cultures showed positive results in three patients 
(resp. staphylococcus epidermidis (n = 2) and staphylococ-
cus hominis (n = 1). All three patients received antibiotics. 
One patient continued levofloxacin (oral) and rifampicin 
(oral) for 3 months. The second patient was given vanco-
mycin intravenous via a peripherally inserted central catheter 
(PICC) line for two weeks followed by clindamycin (oral) 
and rifampicin (oral) for 2.5 months. For the patient who 
was infected with staphylococcus hominis, no specifications 
on antibiotic treatment were documented. All fifteen patients 
were discharged in good clinical condition after a median of 
eight days (range 4–111).

Median follow-up was 24 months (range 3–56). Twelve 
patients (80%) united without complications after our index 
nonunion surgery. Median time to union for this group was 
4.8 months (range 1.6–15). Three patients underwent addi-
tional bone grafting. Eventually all patients united (100% 
union) (Table 2, Fig. 2).

Subsequent surgeries and complications

Three patients needed additional surgeries to procure 
healing. Two received surgeries at respectively 2 and 

6.5 months after the index operation. One patient received 
additional posterior ICBG and united after 9 months. The 
second patient also received posterior ICBG with addi-
tion of three cancellous screws and united 2 months later. 
The third patient visited us when we contacted her as part 
of this study. Co-incidentally, she had noted to have pro-
gressive pain in the distal femur. A persistent nonunion 
was seen on CT. We decided on additional bone grafting 
surgery, performed 51 months after the index surgery. She 
united three months later.

One patient underwent a Judet quadricepsplasty for a 
stiff knee (arc of motion 30 degrees) one month after union 
was confirmed.

Functional outcome

Ten patients completed the KOOS questionnaire at a 
median of 27 months (range 14–56). Five patients did not 
complete the questionnaire due to the following reasons: 
non-responders (n = 2), TKP (n = 2), death (n = 1). The 
median KOOS score of all subscales (5) combined was 76 
out of 100. For pain respectively 86 (range 58–100), for 
other symptoms 77 (range 51–82), for activities of daily 
living 89 (range 51–99) and for quality of life 50 (range 
19–63). Only two patients (aged 21 and 56) completed the 
questions on sport and recreative activities. Other patients 
did not participate in any sport or recreative activities 
because of their age. Overall patient satisfactory was good 
and the median range of knee motion (ROM) was 100 
(range 70–130).

Fig. 2   A seventy-six year old female was referred to us after several 
attempts to heal a comminuted extra-articular distal femur fracture 
(33A3) (a). Initial fracture treatment in another institution consisted 
of a LISS plate (b). Revision surgery with a new LISS plate and cer-
clage around hip prosthesis was performed 8 months after initial frac-
ture treatment (c). Three days later a second revision surgery with a 
LISS plate was performed due to malposition of the previous plate 
(d). Six months later the patient underwent additional bone graft-

ing surgery and was then referred to us with a persistent nonunion. 
At 20 months after the initial fracture we performed our index non-
union surgery with a 95-degree condylar blade plate and a Philos 
plate medially. In addition, autologous bone grafting was performed 
(e). Another bone grafting surgery with addition of three cancel-
lous screws  was performed six months later. Union was confirmed 
2 months later (f). Radiographic imaging 19 months after index non-
union surgery show bone union and a well preserved knee joint (g)
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Discussion

Nonunions of the distal femur are difficult to treat. Often, 
multiple revisions are needed. A single lateral plate may 
not be sufficient in providing the required stability. Lack 
of medial cortical support will likely result in a persistent 
medial gap, increasing the chance of varus collapse and 
hardware failure. Poor bone quality and stiffness further 
complicate revision surgeries on the distal femur.

We have used the Philos plate for distal femoral nonun-
ions. Currently there is no specific plate designed for the 
medial distal femur. The Philos plate was developed for the 
proximal humerus. Interestingly, we –and others- use it in 
various other locations (e.g. proximal femur, wrist, ankle, 
proximal tibia). We especially like the titanium Philos for 
the distal femur because it shape fits nicely on the medial 
condyle and it has a small footprint that does not interfere 
with most knee prostheses. We first fix the plate distally 
with unicortical locking screws to not interfere with the 
lateral fixation. More proximally we use standard (non-
locking) screws in the narrow part of the plate. Because of 
the flexibility of the plate, these screws contour the plate to 
the shaft providing a low profile. The most proximal screw 
can be placed percutaneously via a stab incision. Because 
of the trapezoid shape of the distal femur when viewed 
axially, the direction of the distal (locking) screws is from 
anteromedial to posterolateral providing stability in the 
coronal and sagittal plane. In the future, for this specific 
fracture/nonunion configuration, an anatomic medial distal 
femur plate (ideally with variable angle locking) may be 
helpful.

Using our technique with the Philos plate as medial 
buttress, we were able to achieve an initial union rate of 
80%, eventually all patients (100%) united.

Medial stability can be obtained using various tech-
niques. Wang and Weng [18] treated 13 patients using 
internal fixation combined with an allograft strut and 
autologous bone grafting. They report a 100% union rate 
at an average of 5 months and speculate that the added 
fixation with the allograft strut might be comparable with 
that of a dual plating technique. However, a relatively high 
proportion of their patients showed functional impairment. 
A study by Kanakeshwar et al. [9] treated 22 distal femur 
nonunions using locking plates in combination with an 
allograft strut and autologous bone grafting reports a 
100% union rate at an average of 6.2 months. Their aver-
age age of 39 years is however lower than of our patients. 
Another study by Matelic et al., [19] obtained medial sta-
bility using endosteal substitution with a medial plate for 
recalcitrant nonunions of the femur. Seven patients, of 
which 3 patients with a DFN, were treated. Although the 
results indicate adequate union rates, two of three patients 

with a DFN needed additional surgeries. In a more recent 
analysis by Al Farii et al., [20] an almost similar tech-
nique with an endosteal plate was used, but this study con-
cerned a very heterogenous group of patients with acute 
distal femur fractures instead of nonunions. Their results 
have also been questioned by Shekhar et al., [21] and they 
highlight the fact that additional medial cortical support 
is not routinely indicated for extraarticular metaphyseal 
fractures.

The application of medial distal femoral plates has been 
controversial because of the concern for damage to the 
branching arteries of the deep femoral artery (DFA) and 
the distal femur nerves. Cadaveric studies suggest how-
ever, that medial plate application can be performed safely 
[22, 23].

In a similar study, Holzman et al. [10] treated patients 
with the addition of a medial locking plate (large fragment 
4.5 mm LCP). However, none of the patients received both 
plates in one surgical procedure, but only after (repeated) 
lateral plating. They report high union rates (19/20), but sev-
eral complications did occur. We show similar union rates 
and fewer complications and suggest that both lateral plate 
replacement and medial plate application can be performed 
safely during one procedure.

In a study by Chapman et al. [24], thirteen patients with 
a nonunion of the supracondylar region were treated with 
dual plating and bone grafting. The study used an ante-
rior approach for full exposure of the knee joint. Although 
all patients except one healed without complications, five 
patients needed additional surgeries.

Studies that are more recent describe techniques on the 
addition of a medial plate using minimal invasive techniques 
comparable with the technique we used to apply the Philos 
plate. Eleven patients studied by Swentik et al., [6] were 
treated with small plates percutaneously placed along the 
medial border. A union rate of 80% was reported. Beeres 
et al., [25] described five patients with a DFN. A helical 
locking plate was used for the medial side and four received 
additional bone grafting.

A recent analysis of 62 patients by Liu et al., [26] showed 
superior outcomes for dual plating compared to single lateral 
plating. The dual plating group showed significant higher 
union rates (93.8% vs 56.7%).

Others have reported on the use of a mega-prosthesis as a 
salvage for a distal femur nonunion [27] as well as for severely 
comminuted distal femur fractures [28]. Our orthopedic oncol-
ogy service regularly uses these mega-prostheses for recon-
struction after a distal femoral tumor resection. We strongly 
believe that all fractures and nonunions have tremendous 
intrinsic capacity to heal. Therefore, only in case of severe pre-
existing degenerative, post-traumatic or rheumatoid arthritis of 
the knee we will consider a mega-prosthesis for a DFN. The 
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risks of infection, residual instability and/or pain are simply 
too high. In addition, they are very expensive.

A study by Rajasekaran et al., [29] proposed an algorithm, 
including length of medial gap, for recalcitrant distal femur 
nonunions (RDFN). They were able to obtain an impressive 
success rate of 98%. Since almost all of our patients presented 
with a medial gap we tried to measure the length and volume 
of the gap using their pre-index CT scans. Given the retro-
spective design, it was impossible to accurately measure both 
factors. For a reliable measurement, we would suggest measur-
ing the length of the gap intra-operatively after correction of 
alignment, as was done by Rajasekaran et al. [29]

Our study has –usual– limitations. The retrospective design 
resulted in difficulty obtaining comparable pre-operative 
clinical records. Second, all operations were performed by an 
orthopedic trauma surgeon with extensive experience in treat-
ing nonunions, making generalizability difficult. Finally, our 
patient population was quite heterogeneous and small.

Strengths of the study are that is it the first description of 
an intuitively attractive minimally invasive augmentation. 
No patient was lost to follow up. We used a patient-based 
outcome score as well as the NUSS to assess nonunion 
severity.

Obviously, as this is the first study using the Philos plate 
as a medial buttress for distal femoral nonunions, it is dif-
ficult to compare the results to other related reports. The 
technique described herein seems to be a safe and reproduc-
ible technique to address distal femur nonunions. Almost all 
our patients underwent multiple –unsuccessful- surgeries to 
treat their DFN, but did not unite until we performed our 
dual plating surgery with the Philos plate. For now, dual 
plating nonunions of the distal femur with a long lateral 
plate, bone grafting and a minimally invasive placed medial 
Philos buttress plate is our Gold standard.

Authors’ contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by J.C.P. and P.K. The first draft of the manuscript was 
written by J.C.P. and all authors commented on previous versions of 
the manuscript. All authors read and approved the final manuscript.

Declarations 

Conflict of interest  In the conflict of interest disclosure form we certify 
that there is no potential conflict of interest in relation to this article.

Ethical Approval  We obtained institutional review board approval for 
this study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 

were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Court-Brown CM, Caesar B (2006) Epidemiology of adult frac-
tures: a review. Injury 37(8):691–697

	 2.	 Elsoe R, Ceccotti AA, Larsen P (2018) Population-based epi-
demiology and incidence of distal femur fractures. Int Orthop 
42(1):191–196

	 3.	 Yoon BH, Park IK, Kim Y, Oh HK, Choo SK, Sung YB (2021) 
Incidence of nonunion after surgery of distal femoral fractures 
using contemporary fixation device: a meta-analysis. Arch Orthop 
Trauma Surg 141(2):225–233

	 4.	 Ebraheim NA, Buchanan GS, Liu X, Cooper ME, Peters N, Hes-
sey JA, Liu J (2016) Treatment of distal femur nonunion fol-
lowing initial fixation with a lateral locking plate. Orthop Surg 
8(3):323–330

	 5.	 von Keudell A, Shoji K, Nasr M, Lucas R, Dolan R, Weaver MJ 
(2016) Treatment options for distal femur fractures. J Orthop 
Trauma 30(Suppl 2):S25–S27

	 6.	 Swentik A, Tucker M, Jones T (2018) Percutaneous application of 
a medial plate for dual plate stabilization of supracondylar femur 
fractures. J Orthop Trauma 32(1):e31–e35

	 7.	 Beltran MJ, Gary JL, Collinge CA (2015) Management of distal 
femur fractures with modern plates and nails: state of the art. J 
Orthop Trauma 29(4):165–172

	 8.	 Gardner MJ, Toro-Arbelaez JB, Harrison M, Hierholzer C, Lorich 
DG, Helfet DL (2008) Open reduction and internal fixation of dis-
tal femoral nonunions: long-term functional outcomes following 
a treatment protocol. J Trauma 64(2):434–438

	 9.	 Kanakeshwar RB, Jayaramaraju D, Agraharam D, Rajasekaran 
S (2017) Management of resistant distal femur non-unions with 
allograft strut and autografts combined with osteosynthesis in a 
series of 22 patients. Injury 48(Suppl 2):S14–S17

	10.	 Holzman MA, Hanus BD, Munz JW, O’Connor DP, Brinker MR 
(2016) Addition of a Medial Locking Plate to an In Situ Lateral 
Locking Plate Results in Healing of Distal Femoral Nonunions. 
Clin Orthop Relat Res 474(6):1498–1505

	11.	 Sain A, Sharma V, Farooque K, V M, Pattabiraman K (2019) Dual 
plating of the distal femur: indications and surgical techniques. 
Cureus 11(12):e6483

	12.	 Park KH, Oh CW, Park IH, Kim JW, Lee JH, Kim HJ (2019) 
Additional fixation of medial plate over the unstable lateral locked 
plating of distal femur fractures: a biomechanical study. Injury 
50(10):1593–1598

	13.	 Lodde MF, Raschke MJ, Stolber-Stolberg J, Everding J, Rosslen-
broich S, Katthagen JC (2021) Union rates and functional out-
come of double plating of the femur: systematic review of the 
literature. Arch Orthop Trauma Surg. https://​doi.​org/​10.​1007/​
s00402-​021-​03767-6

	14.	 Ahmad J, Pour AE, Raikin SM (2007) The modified use of a 
proximal humeral locking plate for tibiotalocalcaneal arthrodesis. 
Foot Ankle Int 28(9):977–983

	15.	 Acklin YP, Jenni R, Walliser M, Sommer C (2009) Minimal 
Invasive PHILOS(®)-Plate Osteosynthesis in Proximal Humeral 
Fractures. Eur J Trauma Emerg Surg 35(1):35–39

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00402-021-03767-6
https://doi.org/10.1007/s00402-021-03767-6


433European Journal of Orthopaedic Surgery & Traumatology (2023) 33:425–433	

1 3

	16.	 Calori GM, Philips M, Jeetle S, Tagliabue L, Giannoudis PV 
(2008) Classification of non-union: need for a new scoring sys-
tem? Injury 39(Suppl 2):S59–S63

	17.	 Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD 
(1998) Knee Injury and Osteoarthritis Outcome Score (KOOS) – 
development of a self-administered outcome measure. J Orthop 
Sports Phys Ther 28(2):88–96

	18.	 Wang JW, Weng LH (2003) Treatment of distal femoral nonunion 
with internal fixation, cortical allograft struts, and autogenous 
bone-grafting. J bone Joint Surg Am 85(3):436–440

	19.	 Matelic TM, Monroe MT, Mast JW (1996) The use of endosteal 
substitution in the treatment of recalcitrant nonunions of the 
femur: report of seven cases. J Orthop Trauma 10(1):1–6

	20.	 Al Farii H, Cloutier JP, AlQahtani S, Kreder H, Mutch J (2021) 
Endosteal substitution with medial plate in the treatment of acute 
distal femur fracture (AO/OTA type A): surgical technique and 
case-series. Eur J Orthop Surg Traumatol. https://​doi.​org/​10.​1007/​
s00590-​021-​02945-x

	21.	 Shekhar S, Bansal H, Sharma V, Farooque K (2021) Do we really 
need added endosteal substitution with medial plate in the treat-
ment of acute extra-articular distal femur fracture (AO/OTA 
type A)? Eur J Orthop Surg Traumatol. https://​doi.​org/​10.​1007/​
s00590-​021-​02993-3

	22.	 Rollick NC, Gadinsky NE, Klinger CE, Kubik JF, Dyke JP, Helfet 
DL, Wellman DS (2020) The effects of dual plating on the vascu-
larity of the distal femur. Bone Joint J 102-B(4):530–538

	23.	 Jiamton C, Apivatthakakul T (2015) The safety and feasibil-
ity of minimally invasive plate osteosynthesis (MIPO) on the 
medial side of the femur: A cadaveric injection study. Injury 
46(11):2170–2176

	24.	 Chapman MW, Finkemeier CG (1999) Treatment of supracondylar 
nonunions of the femur with plate fixation and bone graft. J Bone 
Joint 0Surg Am 81(9):1217–1228

	25.	 Beeres FJP, Emmink BL, Lanter K, Link BC, Babst R (2020) 
Minimally invasive double-plating osteosynthesis of the distal 
femur. Oper Orthop Traumatol 32(6):545–558

	26.	 Liu JF, Zhou ZF, Hou XD, Chen YX, Zheng LP (2021) Hybrid 
locked medial plating in dual plate fixation optimized the heal-
ing of comminuted distal femur fractures: A retrospective cohort 
study. Injury 52(6):1614–1620

	27.	 Rajasekaran RB, Palanisami DR, Natesan R, Jayaramaraju D, 
Rajasekaran S (2020) Megaprosthesis in distal femur nonunions 
in elderly patients-experience from twenty four cases. Int Orthop 
44(4):677–684

	28.	 Tibbo ME, Parry JA, Hevesi M, Abdel MP, Yuan BJ (2021) Distal 
femoral replacement versus ORIF for severely comminuted distal 
femur fractures. Eur J Orthop Surg Traumatol. https://​doi.​org/​10.​
1007/​s00590-​021-​03061-6

	29.	 Rajasekaran RB, Jayaramaraju D, Palanisami DR, Agraharam D, 
Perumal R, Kamal A, Rajasekaran S (2019) A surgical algorithm 
for the management of recalcitrant distal femur nonunions based 
on distal femoral bone stock, fracture alignment, medial void, and 
stability of fixation. Arch Orthop Trauma Surg 139(8):1057–1068

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00590-021-02945-x
https://doi.org/10.1007/s00590-021-02945-x
https://doi.org/10.1007/s00590-021-02993-3
https://doi.org/10.1007/s00590-021-02993-3
https://doi.org/10.1007/s00590-021-03061-6
https://doi.org/10.1007/s00590-021-03061-6

	Modified use of the proximal humeral internal locking system (PHILOS) plate for distal femoral nonunions
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patient cohort
	Surgical technique
	Post-operative management and follow-up

	Results
	Subsequent surgeries and complications
	Functional outcome

	Discussion
	References




