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Purpose: Our study compares the outcome and cost of distal femoral arthroplasty to that of Fixation
(Plating/Retrograde Nailing) in the management of distal femur peri-prosthetic fractures.
Methods: We reviewed our database for patients admitted with peri-prosthetic distal femoral fractures
between 2005 and 2013 (n¼ 61). The patients were stratified into 2 groups based on management
method. The Distal Femoral Arthroplasty group (Group A) had 21 patients and the Fixation group (Group
B) had 40 patients. Outcome & cost were compared. Minimum follow-up was 3 years.
Results: The mean length of stay in group Awas 9 days whereas in group B was 32 days. All patients were
fully weight bearing by day 3 in group A, compared to a mean of 11 weeks in group B. Mean OKS was 28
and KSS score was 70 in group A compared to 27 and 68 in group B. In group A, there were 2 deaths, 1
superficial infection, and 1 DVT. In group B, there were 6 deaths, 1 failure of fixation, 6 mal-unions, 1 non-
union and 2 infections. Overall, the distal femoral arthroplasty procedure costs approximately £9600 and
the fixation group costs were on average of £9800.
Conclusion: Distal femoral arthroplasty appears to provide good clinical results, with comparable overall
costs to fixation.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

The management of periprosthetic distal femur fractures
following TKA (Total Knee Arthroplasty) in elderly population re-
mains a challenge with little or no consensus on the best treatment
for these fractures.

Supracondylar periprosthetic femur fractures are those within
15 cm of the knee joint line or within 5 cm of the proximal end of
the implant1 (Fig. 1). An incidence of 1.1% of patients after primary
TKR and 2.5% of patients after revision TKR has been recently
reported.2

Risk factors for periprosthetic fractures include poor bone stock,
advancing age, female gender, chronic use of corticosteroids, in-
flammatory arthropathy, previous surgery, excessively stiff joints,
various neurological conditions and stress risers.3e6

A wide variety of treatment options have been described in the
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literature for this challenging and complex subgroup of fractures
with complications as high as 25e75%, even when treated by
experienced surgeons.7

Modern day treatment methods are superior to conventional
treatment options in the management of distal femur fractures
above TKAs.8 These range from open reduction and internal fixation
using locked plates and retrograde nails to stemmed revision TKA
and DFA (Distal Femoral Arthroplasty).9e13

DFA is perceived to be an extensive surgical procedure, techni-
cally demanding and has a high complication rate. It is also
perceived to be expensivewith no long-term results available in the
literature.

We did this study to evaluate the results of DFA as an alternative
to fixation and compare their clinical outcomes and cost in the
management of distal femur periprosthetic fractures in the elderly
patient.

2. Materials & methods

A retrospective review of our prospectively collected data be-
tween 2005 and 2013was undertaken following institutional ethics
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Fig. 1. (Pre-operative X-ray).

Fig. 2. (Post-operative DFA).
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review board approval.
The patients were stratified into 2 groups based on the man-

agement method. The Distal Femoral Arthroplasty group (Group A)
(n¼ 21) and the Fixation group (Group B) (n¼ 40), 23 of those had
plating of the fracture, while 17 had a retrograde nail inserted.

Choice of treatmentmethodwasmade using the classification of
Kim et al. (Table 1) for periprosthetic fractures.4 It takes into ac-
count the status of the prosthesis, quality of distal bone stock, and
reducibility of the fracture.
Fig. 3. (Post-op locking plate).
2.1. Demographics in group A (Fig. 2)

In group A, we had 21 patients who underwent DFA for distal
femur periprosthetic fractures. This group had a mean age of 78
years (range 68e90). Of these, there were 18 females and 3 males.
The mechanism of injury was low velocity except for one patient
who had a road traffic accident. All these patients were mobile and
walking prior to the injury. 18 patients were Type 3 and 3 were
Type 2 in the Kim classification.

All procedures were performed under tourniquet control
through anterior midline approach and medial parapatellar
arthrotomy.
2.2. Demographics in group B (Fig. 3)

In group B, we had 40 patients who underwent internal fixation
for distal femur periprosthetic fractures. This group had a mean age
of 74 years (range 65e83). Of these, there were 31 females and 9
males. 23 patients had plating (locking plates and standard non-
locking peri articular plates) and 17 patients had retrograde nail-
ing. There were 26 in Type 1B and 14 Type 2 fractures in the Kim
classification. Most patients had a low velocity trauma and were
independently mobile with or without walking aids.
Table 1
Kim et al. Classification.

Type Fracture reducible Bone quality in distal fragment Co

I A Yes Good W
Sa

B No Good W
Sa

II Yes/No Good Lo
III Yes/No Poor Lo
2.3. Outcomes

Outcomes were analysed between the 2 groups using such pa-
rameters as length of hospital stay, day of full weight bearing
mobilisation and fracture healing times. Functional outcomes were
also assessed using Oxford knee scores, KSS scores, VAS pain
assessment and knee ROM from last follow up appointment. The
follow up was at 6 weeks, 3 months and then at 6 monthly basis in
outpatient clinic with radiographic analysis at each visit.
mponent fixation & Component position Treatment

ell fixed
tisfactory position

Conservative

ell fixed
tisfactory position

Surgical fixation

ose or Unsatisfactory position Revision/Long stem prosthesis
ose or Unsatisfactory position Distal Prosthetic replacement
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2.4. Cost analysis

The cost analysis was done for management in both groups
including implant costs, consumable costs (man power included),
theatre utilisation time and length of hospital stay. The calculation
was done based on the PbR(payment by results) system and “best
practise tariffs -2010-11” utilised by the NHS (National Health
Service) in England.

PbR is the payment system in England in which commissioners
pay healthcare providers for each patient seen or treated, taking
into account the complexity of the patient's healthcare needs.

The two fundamental features of PbR are nationally determined
currencies and tariffs. Currencies are the unit of healthcare for
which a payment is made. Tariffs are the set prices for a given
currency.

The currencies for admitted patient care are set out in
HRG4(Healthcare resource groups-latest version). HRGs are clini-
cally meaningful groups of diagnoses and interventions that
consume similar levels of NHS resources, covering a spell of care
from admission to discharge.

Each intervention has been provided a unique OPCS code (Office
of Population, Census and Surveys Classification of Surgical Oper-
ations and Procedures-OPCS 4.6). These clinical codes are grouped
into HRGs followed by calculation of “best practise tariffs”.14

3. Results (Table- 2)

Results are summarized in Table 2. Blood loss was significantly
higher in Group B (800ml), but operative times were similar.

The mean length of hospital stay in group Awas 9 days whereas
in group B was 32 days. All patients were mobilising full weight
bearing by day 1.5(range 1e3 days) in group A compared to a mean
of 11 weeks in group B.

There was no real difference in functional outcomes or pain
scores between the groups.

In group A, all patients returned to their own homes except for 5
patients who came from care homes and returned to the same
facility.

Radiographic analysis in group A showed no progressive lucent
lines suggestive of loosening and radiographic measurements
confirmed that all knees were neutral to 6� of valgus.

3.1. Complications

We had 4 complications in group A. There were 2 deaths due to
medical co-morbidities within 1 year of surgery, 1 superficial
infection (treated with antibiotics) and 1 DVT.

In the fixation group, there were 6 deaths (medical co-
morbidities), 1 failure of fixation, 6 malunions (>8 loss of sagittal
or coronal alignment), 1 non-union (Fixation revised) and 2 in-
fections. The failure of fixation and non-union involved
Table 2
Comparison of outcomes.

Group A Group B

Average Surgical Time 116min 123min
Average Blood Loss 400ml 800ml
Minimum Follow up 72 months 72 months
Length of Stay 9 days 32 days
Full Weight Bearing (days) 1.5 days 11 weeks
Oxford Knee Score 28 27
KSS Score 70 68
Pain VAS 2 1.5
Fracture Healing (Weeks) - 11.5 weeks
Range of Motion at last follow-up 3.5e95� 5-85�
periarticular plates. Both were revised to distal femoral re-
placements. Of the infections, 1 was a superficial infection and the
other deep with the later patient opting for suppressive long term
antibiotics.

3.2. Cost implications

Comparing the costs, the average implant of DFA (Distal
segmental femoral replacement-Zimmer Plc) was £7500 and for
Fixation group, the average implant costs for locking plates(NCB
Plating system, Zimmer Plc) were £2300 and interlocking nailing
system(Stryker Plc) was £1500. The average theatre time of 2 h was
comparable and the same in either group. The length of stay in DFA
group cost on an average, £2115(£235/day� 9days) whereas in the
fixation group, it was £7520(£235 day� 32 days).

Taking into account of other consumables, investigations and
rehabilitation, again there was no major cost differences in either
group. Overall, the DFA procedure costs on average were approxi-
mately £9600 and fixation group costs were on average of £9800.

For NHS Payment by Results (PbR) system in the UK, DFA was
coded using OPCS 4.6 coding system (W42$3/W 42.8) and HRG was
coded as Major Reconstructive procedure category 4(HA03Z) with
inpatient long stay trim point of 55 days with tariff payment of
£9805. On the other hand, the fixation group was coded as OPCS
W19.2/20.1/20.4/21.1/21.5, and HRG coding as Major Knee proced-
ure (Category 2 Trauma HA21B) with inpatient long stay trim point
of 21 days and tariff payment of £5679. As most patients in this
group overstayed the trim point by at least 2 weeks, it resulted in an
average additional cost of £3300 above the assigned best practice
tariff making the ultimate cost comparable in the two groups.

4. Discussion

Kurtz et al. have estimated an increase in demand for primary
TKA to grow by 673% in the United States from 2005-2030.15

Periprosthetic distal femur fractures are expected to rise in
direct proportion to the number of primary TKAs.

Moreover, the ageing population with TKA in conjunction with
increased activity levels following TKA may further amplify the
incidence of this complex problem.

The demographics of our study identified that most injuries
occurred in active elderly osteoporotic females following low ve-
locity trauma.

Early-midterm results were favourable following DFA in our
group. Most patients were discharged from hospital by 9 days and
weremobilizing FWB by post-operative day 1. In the fixation group,
average hospital stay was 32 days and mean time to FWB was 11
weeks following fracture fixation.

No significant difference was noted in functional outcome be-
tween the 2 groups using Oxford scores, KSS scores, Pain VAS
assessment and final knee ROM. Fewer medical and surgical com-
plications were noted in the Arthroplasty group compared to the
fixation group.

On one hand, mixed results have been shown in literature
following fixation of these fractures, whilst, on the other hand,
there is a paucity of literature on treating these fractures with DFA.

In 1970s and 1980s, large numbers of periprosthetic distal femur
fractures were treated conservatively with either plaster immobi-
lisation or traction and cast bracing and were associated with high
incidence of complications and less than desirable results.5

With the advent of modern methods of fixation such as locked
plates, LISS plates and retrograde nails, increasing number of pa-
tients were treated with surgical fixation.

Osteosynthesis in these fractures in elderly patients with poor
bone stock are fraught with high incidence of non-union, malunion
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and failure of surgical fixation.
Rorabeck et al.16 described the ultimate management goal in

these injuries was to achieve a pain free knee ROM with fracture
union in less than 6 months to allow ambulation and ROM to 90�.
We feel that these timescales to return to function in the vulnerable
elderly population are too long. Also, failure to mobilise FWB in
elderly makes them more dependent resulting in need of more
inpatient or rehabilitation beds adding to the economic burden.

McLaren et al., showed a return to pre-fracture function in 3
months using retrograde nails for fixation.17

Norrish AR et al. using LISS plates for fixation identified an
average time to union of 3.7 months.18

Herrera et al., in their meta-analysis of 29 case series with a total
of 415 fractures treated by retrograde nails, condylar locking and
non-locking plates showed a non-union rate of 9%, fixation failure
rate of 4%, revision surgery rate of 13% and infection rate of 3.1%.8

A recent study by Ebraheim et al.,19 using locked plates for fix-
ation identified an average time to fracture healing and FWB was
4.5 months± 2.7 months with union rate of 89% at 6 months. Up to
37% of patients experienced complications such as delayed union
(7.4%), non-union (3.7%) and fixation failures (26%)

Only, a few reports in literature are available using DFA and long
stem revision (hinged) knee prosthesis for treating these peri-
prosthetic fractures.

Srinivasan K et al., in a small series of 8 patients with a mean age
of 78 years highlighted the role of long stem revision (hinged) knee
prosthesis in periprosthetic and some complex distal femur frac-
tures in offering stability and early mobilisation.12 Appleton P et al.,
in their cohort of 54 periprosthetic distal femur fractures concluded
that constrained knee prosthesis offers a useful alternative treat-
ment to internal fixation in selected elderly patients and has a
probability of surviving as long as the patient intowhom it has been
implanted.20

Mortazavi et al. reviewed 20 patients following DFA and
considered it a viable option for complex periprosthetic femoral
fractures after TKA. Their cohort had a mean age of 69.5 years with
an average follow up of 58.6 months. Mean KSS score improved to
82.8 and mean SF-36 physical and mental score functional scores
improved to 55.8 and 65.6 respectively.13

Lombardi et al. in their cohort of 39 rotating hinged distal
femoral replacements, with 13 due to periprosthetic fractures
identified excellent pain relief and function with a low short term
re-operation rate and an implant survivorship rate of 87% at 46
months.21

More recently, Chen AF et al., supported the role of primary DFA
to ORIF in osteopenic patients and those at high risk of non-union
in these complex fractures.22

There is a perception that use of distal femoral replacement is
cost prohibitive in revision knee settings.

Saidi K et al. compared allograft implant composites, standard
revision components and distal femoral replacement prosthesis for
treatment of supracondylar periprosthetic fractures of the knee in
elderly.23 They mentioned the need for a thorough and formal cost
benefit analysis between different management techniques in this
complex injury.

To our best knowledge, our study is the first one to perform a
detailed cost analysis between DFA and internal fixation in the
management of distal femur periprosthetic fractures.

It appears that actual costs are comparable with no major dif-
ferences between the 2 procedures.

The higher cost of implants in DFA is recouped in the much
shorter hospital stay in this procedure. The lower cost of the im-
plants added to the cost of prolonged hospital stay due to pro-
longed recovery and ambulatory dysfunction in the fixation group
resulted in the actual costs between the 2 groups being
comparable.
In fact, hospitals in the NHS (National Health Service) use pay-

ment by results (PbR) system and “best practise tariff” appear to
lose on an average of £3300 per procedure in the fixation group.

5. Conclusion

Our study has a few limitations. It is a case-control study, with a
small number of patients having an early-midterm follow up. Also,
Group A (fixation group) has a less severe spectrum of fractures
compared to Group B (DFA) based on the Kim et al. classification.
However, Kim et al. classification (including radiological appear-
ance, bone quality and stability/alignment of prosthesis) was not
the sole criterion for choosing either treatment option. There were
other confounding co-factors looked at in both groups of patients.
These included medical co-morbidities, ASA grade, pre-injury
mobility and social circumstances (living independently, home
support etc). These confounding factors were essentially similar in
fixation and DFA group.

The aim of our study was to evaluate the results of DFA as an
alternative to fixation and compare their clinical outcomes and cost
in the management of distal femur periprosthetic fractures in the
elderly patient.

However, it has identified several interesting findings in the
management of this complex and challenging subgroup of
fractures.

DFA allowed earlymobilisation avoiding prolonged hospital stay
and preventing medical co morbidities. Complication rates were
less than the fixation group and actual costs were comparable be-
tween the 2 groups.

DFA appears to be promising as an alternative treatment to in-
ternal fixation in elderly patients in these complex fractures. With
appropriate patient selection, the prosthesis has a high probability
of surviving as long as the patient into whom it is implanted.

In a scenario, with pre-existing loose total total knee replace-
ment, this procedure itself can be a definitive treatment. One has to
be aware that distal femoral arthroplasty does not match the
function and longevity of the surface replacements in a primary
situation; nevertheless, modern rotating hinged knee distal
femoral replacements allowing increased freedom of rotation with
decreased bone-prosthesis interface stresses, can be used in
appropriate fractures and in low demand patients for good func-
tional outcome.

Certainly, there is a need for randomised, multicentre trials and
longer-term studies to assess the management of these complex
and challenging group of fractures.
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