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allowing optimum internal fixation and recovery of 
the integrity of the affected joint with less surgical 
incisions and low soft tissue damage, emerging 
devices such as LISS (Less Invasive Stabilization 
System) Synthes plate (West Chester, PA. USA).
  The LISS plate was initially used in proximal 
tibial fractures, and later with supracondylar femur 
fractures, especially fractures associated with 
osteoporosis, obtaining better outcomes in these 
patients (11,15).
  According to previous biomechanical studies 
(8,16), the LISS plate has shown similar load 
resistance compared to other devices used in 
fractures of the distal femur, such as condylar plate 
95° and DCS (Dynamic Condylar Screw), with 

The aim of the present study is to evaluate the use 
of the Less Invasive Stabilization System (LISS) plate 
for distal femoral fractures, examining variables such 
as type of fracture and length of plate.
A retrospective study of 30 patients with a distal 
femoral fracture, treated with a distal femur LISS 
plate (Synthes) was performed. Average age was 71 
years old (20-101). According to the AO classification, 
16 fractures were type A, 5 type B, and 9 type C. The 
consolidation index and clinical outcomes measured 
with Knee Society Score (KSS) questionnaire were 
evaluated.
Fracture consolidation took an average time of 16 
weeks (14-20). Mean KSS was 77,3 (50-97) at the 
2-year follow-up visit, observing better outcomes on 
type C fractures (84,25). According to the KSS score, 
only two cases were described with bad functional 
outcomes (6%).
Distal femur fractures treated with the LISS plate 
achieved 94% of good and acceptable outcomes. 
Unlike the previously published, the best results 
were obtained with AO type C fractures, probably 
associated to the lower age (mean 53 years old) and 
better functional recovery capacity of this group. 
Keywords : LISS plate ; distal femoral fracture ; femur ; 
Knee Society Score ; outcomes.

INTRODUCTION

  In recent years the research for minimally invasive 
systems in the treatment of fractures has increased, 
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greater stability to torsional forces and axial load 
(12,20).
  The fracture consolidation rates of LISS plates in 
previous studies accounts for 80% (1,20). There is a 
complication rate of 20% according to the literature, 
being the main complication described within its 
technique fracture nonunion (with implant rupture 
or loosening) and misalignment (10).
  The aim of the present study is to relate the 
complexity of the femoral distal fracture (classified 
according to the AO classification) and the length 
of the LISS plate used, with subsequent clinical-
functional short-medium term outcomes (measured 
by test Knee Society Score (KSS), rate of fracture 
healing and complications (if any).

MATERIALS AND METHODS

  A retrospective study of all patients with femoral 
distal fracture surgically treated in our center using 
LISS plate between September 2010 and September 
2014 was performed. Inclusion criteria were: distal 
femur fracture treated by LISS plate, patient over 
18 years old and minimum follow-up of two years.
Exclusion criteria were: pathological fractures 
(Paget’s disease, metastatic fractures, etc), peri-
prosthetic or peri-implant fractures and distal 
femoral fracture treated with another type of 
treatment (other surgical implant or conservative 
treatment).
  Fifty cases were reviewed, and 30 patients were 
finally included, with an average age of 71 years old 
(20-101 a). 90% of patients were women (27/3).
  In relation to relevant associated comorbidities, 
17 patients had previous diagnosis of osteoporosis 
(osteoporotic fracture densitometry or prior), 20 had 
hypertension and 7 Diabetes mellitus type II.
  Fractures were described according to AO 
classification: extra-articular fractures (type A), 
partial articular affection (type B) and complete 

articular affection (type C). Table I show the 
distribution of fractures within our sample. Most 
cases (24/30) were caused by low-energy trauma(fall 
from standing), and the remaining 6 by high-energy 
trauma (traffic accidents, high fall).
  The average time between admission to the 
emergency room and surgery was four days (3-7 d).
Cases were divided into two groups based on the 
LISS plate length used (counting number of holes). 
For the present study, short plate was defined as 
5-10 holes (13 cases), and long plate as 11-16 holes 
(17 cases). 
  In all patients a fluoroscopy-guided reduction 
was performed, without using the distractor or 
provisional AO external fixator. The same surgical 
technique performed by the same surgical team, 
was carried out in all patients : first, the patient is 
placed supine with knee flexion at 60 °, lateral knee 
approach, temporary fixation of fracture fragments 
with Kirschner wires and subvastus LISS plate 
insertion. No grafts were required. All surgeries were 
performed at the same center. The leading surgeon 
chose the length of the plate intraoperatively, based 
on the type of fracture, following the guidelines of 
our service.
  During postoperative care, patients were an 
average time of eight weeks with non-bearing of 
the affected limb (4-16 weeks), due to the high 
mean age of patients included (71 years old) and 
the difficulty in many cases of performing an partial 
weight-bearing, authorizing to start full weight 
bearing when the radiological callus was observed. 
The same physical therapy protocol was used in all 
patients, using continuous passive motion (CPM) 
by Kinetec during the first two postoperative weeks.
  An X-ray (Fig. 1) was performed to all patients, 
following the follow-up protocol, at immediate 
postoperative, and further on at two, six and twelve 
months after surgery. Two years after surgery, the 
KSS questionnaire was given to all patients. This 

LISS plate length Number of cases Medium age 
(years old)

KSS
(2 year post-op)

Consolidation time 
(weeks)

Pseudoarthrosis Infection

Short 13 71,88 75 14 1 1
Long 17 73,95 79 20 0 0

Table 1. — Clinical and functional outcomes associated with LISS plate length

  LISS : less invasive stabilization system ; KSS : Knee Society Score.
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questionnaire was chosen as it is widely used in the 
literature and validated to Spanish (1). Furthermore, 
we considered a greater objectivity and reliability 
of its results as it does not only consider the knee 
joint’s range of movement; it also evaluates the 
knee’s function (ability functional patient), and 
associated symptoms (pain, instability).The test’s 
outcomes are subdivided into good results (85-100 
points), acceptable (60-85 points), and bad (less 
than 60 points).

RESULTS

  Mean fracture healing was16 weeks (range 14-
20 weeks), considering consolidation of the fracture 
when the radiological callus was observed, without 
associated symptoms. Fracture healing according 
to the length of the LISS plate used is described in 
Table 1.

  Functional outcomes were studied with the 
KSS questionnaire at the 2-year follow-up visit 
in all patients, observing a mean score of 77.3. 
Distribution according to the type of fracture is 
described in Table 2. According to score 8 cases 
with good results (26,7%), 20 cases acceptable 
(66,7%) and 2 bad results (6,7%). Medium Balance 
knee joint through 92-0 degrees (-5 to 140). 
  Two complications were observed during the 
study. One patient presented a pseudoarthrosis 
and the other a deep infection. Both cases had a 
short plate and requireda second surgery to solve 
the complication. The first patient resolved after 
removal of plate, autograft and new synthesis with a 
longer plate, whereas the second case resolved with 
debridement and removal of the plate. There was no 
cases of breakage or loosening of the plate. Up to 
date, no patient has complaint of discomfort of the 
plate that would require removal.

DISCUSSION

  The present study shows that the LISS plate is a 
safe method of osteosynthesis, especially in elderly 
patients with osteoporosis, with a low complication 
rate and good functional outcomes.
  Historically, distal femoral fractures presented 
relatively high rates of complications in the litera-
ture describing non-union rates of 29% to 38% (7), 
and infection rates of 7 to 20% according to the 
literature (10,17).
  The LISS plate offers great advantages in fracture 
fixation of distal femur, including the fact of 
requiring minimal soft tissue dissection and being 
a fixed angle device, which seems to favor lower 
infection rates and higher rates of consolidation, 
as described in the literature. In the present study 
we have had one nonunion (1/30) 3,3% and one 
infection (1/30) 3,3%.

Fig. 1. — Radiological control of distal femur fracture AO type 
A (AP and lateral knee view).Consolidated without signs of 
poor alignment.

Type of distal femoral fracture (AO classification) Number of cases Mean age (years old) Men/Women KSS mean score
A 16 77 0/16 75
B   5 70 1/4 74
C 9* 53 2/7 84,25

Table 2. — Type of distal femoral fracture associated with KSS mean score

  KSS : Knee Society Score. *1 open fracture (Gustilo type II).
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  Regarding the time of authorizing complete 
weight bearing, there is no agreement within the 
different studies. Kregor et al suggests that it is safe 
to start progressive and significant weight bearing 
when callus formation is evident (13).
  Early onset weight bearing, implant length too 
short, improper implant placement, and insufficient 
fixation of the femoral shaft with monocortical 
screws, are major causes of implant failure in 
the studied series (15-18). Pakula et al. (18,19) 
recommend to verify proper placement of the 
plate intraoperative, finding several cases of bad 
reduction in axial plane (valgo-varus), and even 
intra-articular. In the present study, mean time to 
start allowing weight bearing was two months. 
  Studies advise against using the LISS shorter 
plate (5 holes) in osteoporotic fractures, indicating 
that the shorter plate may reduce the working 
length, causing loosening of the plate at its proxi)
mal portion, thereby recommending the use of 
longer plates for osteoporotic bone (20). We had no 
case loosening in the distal region of the plate, as 
described previously (6,16).
  Regarding nonunion, the main risk factors 
described in the literature are: obesity, diabetes, 
open fracture, age> 70 years old, comminute 
fractures, alcoholism, smoking, and shorter length 
plates (5,8,21,22,23). We had one case in our series 
that had a short plate, as well as age over 70 years 
old.
  When reviewing the present study, several limi-
tations have to be taken into consideration. First, 
ours is a single-center and retrospective study. 
Furthermore, up to three surgeons performed all 
surgeries, despite all of them follow the same 
protocol, variabilities regarding the length decision 
may occur.

CONCLUSIONS

  The use of the LISS plate has shown good or 
acceptable results in 94% of patients included in the 
present study. Therefore, we can conclude that the 
LISS plate is a good choice for complex fractures 
(supracondylar femur fracture AO type C) and 
especially in osteoporotic fracture. In the present 
study better outcomes were observed when longer 

plates were used, especially in complex articular 
fractures (type C) in the elderly.
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