
AbstrAct
We retrospectively studied postop- 
erative knee function and leg-length 
discrepancy (LLD) in 31 patients 
with femoral diaphyseal fractures 
treated with retrograde intramedul-
lary nailing (IMN) between October 
1998 and April 2000. Mean follow-up 
was 25 months, mean knee range of 
motion was 126°, mean Hospital for 
Special Surgery knee scores were 
89.2 (pain) and 78.3 (function), and 
mean LLD was 1.19 cm. Despite the 
theoretically higher knee pain and 
LLD rates associated with retrograde 
IMN, we believe it may offer a viable 
treatment option when the antegrade 
nailing technique is restricted.

Fractures of the femoral shaft 
are associated with high-
energy trauma. Different 
treatments have had varied 

results.1-3 Closed intramedullary nail-
ing (IMN) has been shown to be an 
effective treatment, with high success 
rates and minimal complications.1-8

The current standard of care for 
femoral shaft fractures is IMN through 

an antegrade entry point at the pirifor-
mis fossa.1,2,4,8-12 This technique has 
several drawbacks, including a dif-
ficult starting point at the piriformis 
fossa, postoperative Trendelenburg 
gait, iatrogenic fracture of the femo-
ral neck, need for a fracture table 
with difficult patient positioning, and 
limitations in use with concomitant 
surgical procedures.3,5,6

Over the past 20 years, retrograde 
IMN has emerged as an alternative 
that overcomes the shortcomings of 
antegrade IMN in treating femoral 
shaft fractures.1,3-5,7,8,13,14 The advan-

tages of retrograde IMN include no 
need for fracture table, ease of entry 
at the intercondylar notch, and acces-
sibility for performing additional 
surgical procedures with the patient 
in a supine position.5 The original 
indications for retrograde IMN were 
femoral shaft fractures with ipsilat-
eral femoral neck fractures, femoral 
shaft fractures in polytrauma patients, 
and obese patients.1,2,7-9,14 With the 
advantages of this technique, indi-
cations for retrograde IMN have 
expanded. The increasing popularity 
of the procedure has raised concerns 
in the orthopedic community about 
possible complications with respect 
to knee function, knee pain, and leg-
length discrepancy (LLD) secondary 
to the procedure.4,6

In the study reported here, we 
reviewed postoperative knee function 
and LLD after retrograde IMN for 
femoral diaphyseal fractures.

MAteriAls And Methods
Between October 1998 and April 2000, 
a surgeon at University of Puerto Rico 
District Hospital and Puerto Rico 
Medical Center used retrograde IMN 
to treat 46 femoral shaft fractures con-
secutively. For the purpose of this study,  
we selected only those fractures 
located both 5 cm below the lesser  
trochanter14 and above the femoral 
condyles. Patients were contacted by 
telephone, by mail, or through local 
government agencies.

Of the 46 patients, 15 (33%) were 
excluded (4 had passed away, and 11 

had insufficient follow-up because of 
poor patient compliance, or they were 
unavailable for evaluation at a specif-
ic clinic). The remaining 31 patients 
(67%) had a minimum follow-up of 1 
year and were evaluated by the senior 
authors at a clinic specially set up 
for this study. In accordance with the 
approved protocol of our Institutional 
Review Board, all patients received a 
complete orientation to the study and 
signed release and consent forms for 
participation.

The medical records of these 
patients were reviewed for vari-
ables such as accident type, associ-
ated injuries, degree of comminution, 
open fracture classification, compli-
cations, and need for concomitant 
surgical procedures. For each patient, 
the Winquist and Hansen classifica-
tion for comminution of femur frac-
tures was used: 0 (no comminution), 
1 (insignificant butterfly fragment), 
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2 (large butterfly fragment less than 
50% the width of the bone), 3 (large 
butterfly fragment more than 50% 
the width of the bone), 4 (segmental 
comminution). Open fractures were 
classified according to Gustilo and 
Anderson: type I, low-energy trauma 
with wound size less than 1 cm; 
type II, moderate-energy trauma with 
wound size 10 cm or less; type III, 
high-energy trauma with wound size 
more than 10 cm.

Knee pain and function were 
assessed with Hospital for Special 
Surgery (HSS) knee scores.15 Patients 
were assigned one of the standard 
clinical categories: excellent (90-100 
points), good (80-89 points), fair (70-
79 points), poor (<70 points). Plain 
films of the involved femur and ipsi-
lateral hip and knee were obtained. 
Radiographic union was defined as 
presence of a bridging callus across 3 
cortices on anteroposterior and lateral 
plain films. Clinical union was diag-
nosed when there was no pain with 
ambulation or single leg stance.9,14 

In each patient, a scanogram was 
obtained to objectively determine 
LLD, defined as more than a 2-cm 
difference between the legs.9

Surgical Technique
Each patient was placed on a radio-
lucent operating room table in supine 
position, and the affected lower 
extremity was prepped and draped in 
standard surgical fashion. 
   The knee was positioned in 40° of 
flexion with a bolster, and a 4-cm skin 
incision was made just medial to the 
patellar tendon, from the inferior pole 
of the patella to the tibial tubercle. 
The infrapatellar fat pad was partially 
excised, and then a medial patellar 
knee arthrotomy was performed. 
   With the help of the fluoroscope, a 
guided pin was inserted in the mid-
line just anterior to the intercondylar 
notch in the anteroposterior view. In 
the lateral view, the pin should be 
above the Blumensaat line. A cannu-
lated drill was used to open the dis-
tal femur metaphysis. A ball-tipped 
guide wire was inserted through the 
entry points just to the distal fracture 
border. After the fracture was reduced, 
the guide wire was introduced across 
the fracture to maintain the alignment 
of the reduction. Flexible reaming 
was performed until adequate cortical 
contact was achieved. 
   For implants, Russell-Taylor femo-
ral nails (Smith & Nephew Richards, 
Memphis, Tenn) were used. The 
intramedullary nail was placed to 
a level below the lesser trochanter 
proximally and flush to the chondral 
surface distally. The length of this 
nail was selected after using a radi-
opaque ruler, or by measuring the 
contralateral femur in case of severe 
comminution; the selected width was 
1 mm less than the largest reamer 
diameter. Distal locking was done 
with the insertion handle jig, and 
proximal locking was performed with 
the freehand technique. 

The rehabilitation protocol was 
identical for each patient.

results
Thirty-one patients (25 men, 6 
women) with 35 femur fractures were 

included for evaluation in the study. 
Minimum follow-up was 1 year, 
and mean follow-up was 25 months 
(range, 12-38 months). Mean age 
was 33.9 years (range, 18-80 years). 
There were 17 right and 10 left femur 
fractures, and 4 patients had bilat-
eral femur fractures. The most com-
mon fracture mechanism was motor 
vehicle accident (70%) (Figures 1A, 
1B), followed by gunshot wound 
(17%) (Figures 2A, 2B) and fall from 
a height (13%). Ten (29%) of the 35 
fractures were open: 3 of these were 
type I, 5 were type II, and 2 were type 
III. There were 18 Winquist grade 0 
fractures, 4 Winquist grade 1 frac-
tures, 6 Winquist grade 2 fractures, 
4 Winquist grade 3 fractures, and 3 
Winquist grade 4 fractures.

Eleven patients had multiple inju-
ries, and 20 had isolated femur frac-
tures. Associated injuries included 
head trauma (2 patients), peroneal 
nerve palsies (2 patients), vascular 
injuries (2 patients), 1 radioulnar 
fracture, 1 humeral fracture, 1 pilon 
fracture, 1 simultaneous talus and cal-
caneous fracture, 1 acetabular frac-
ture, 1 odontoid fracture, 1 abdominal 
trauma, 1 pneumothorax, 1 testicular 
contusion, and 1 urethral injury.
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Figure 1. Twenty-year-old man with 
distal shaft femur fracture sustained 
in a motor vehicle accident. Antero-
posterior (A) and lateral (B) plain 
films obtained 24 months after ret-
rograde intramedullary nailing show 
fracture union.

Figure 2. Fifty-five-year-old man with 
distal shaft femur fracture caused by 
a gunshot. Anteroposterior (A) and 
lateral (B) plain films obtained 18 
months after retrograde intramedul-
lary nailing show fracture union.
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Mean knee range of motion (ROM) 
was 126° (range, 85°-130°). At fol-
low-up, 8 (23%) of 35 femur frac-
tures showed loss of knee ROM; of 
these, 5 had lost more than 10° of 
ROM, and the remaining patients had 
less than 10° of limitation. Mean HSS 
knee score for pain was 89.2 points 
(range, 52-100 points). Lower scores 
were seen in patients with concomi-
tant comorbidity, such as extreme 
age, diabetes mellitus with bilateral 
below-knee amputations, severe men-
tal retardation, high-degree scoliosis, 
nonambulators, and juvenile rheuma-
toid arthritis. Mean HSS knee score 

for function was 78.3 points (range, 
30-100 points). In spite of good mean 
knee scores for pain, 21 (68%) of the 
31 patients complained of occasional 
knee pain, and 6 of these reported 
their knee pain was associated with 
prominent distal screws. Five patients 
required a second procedure for distal 
screw removal.

Scanograms were available for all 
31 patients. Mean LLD was 1.19 
cm. Five patients (16.1%) had more 
than 2 cm of LLD, 11 (35.5%) had 
LLD between 1.0 and 1.9 cm, and 15 
(48.4%) had less than 1 cm of LLD. 
All patients with LLD of more than 
2 cm had Winquist 3 or Winquist 4 
femur fractures. No patient in this 
study presented with complications 
associated with retrograde IMN, such 
as infection, nonunion, or malalign-
ment of more than 10°.

discussion
Antegrade IMN is an effective treat-
ment for femoral shaft fractures 
(high-energy injuries), and outcomes 
have been reliable.1,2,4,8-12 Although 
this technique has a high union rate, 
it also has several drawbacks, such 
as limited application of this opera-
tive method to ipsilateral femoral 
neck fractures, possibility of hetero-
topic bone formation around the hip, 

pudendal nerve palsy, and need for a 
fracture table. Other limitations are 
hip stiffness, reduced walking dis-
tance, Trendelenburg gait, weak hip 
abductors, difficult entry point, and 
hip or thigh pain.1,3,6,10,14

For many years, different types 
of IMN have been used through a 
retrograde extra-articular entry 
point in attempts to minimize short- 
comings of the antegrade technique, 
but there have been several complica-
tions.3,7,8,16-18 Given the multiple com-
plications associated with an extra-
articular entry point, the technique 
was revised to use the intercondylar 

entry point, eliminating the poten-
tial complications of malreduction 
in varus and crack propagation at the 
entry point.4,5,19,20 With introduction 
of this technique, current indications 
for retrograde IMN include ipsilat-
eral femoral shaft and neck fractures, 
obese and pregnant patients, ipsi-
lateral pelvis and acetabular inju-
ries, and other polytrauma patients 
requiring concomitant surgery.1,3,4,9,14 
Contraindications are skeletal imma-
turity, past history of knee joint sep-
sis, fracture within 5 cm of the lesser 
trochanter, type III-b open fractures, 
and severe soft-tissue injury about 
the knee.1,5

The technical advantages of ret-
rograde IMN include minimal dis-
section, possible use of the standard 
surgical table, easier and faster setup, 
less surgical time, and less blood 
loss.13 These advantages have moti-
vated orthopedic surgeons to stretch 
the indications for retrograde IMN to 
include isolated femoral shaft frac-
tures. Although retrograde IMN is 
an alternative for managing isolated 
femoral shaft fractures, this tech-
nique is not without disadvantag-
es. With use of these nails, serious 
complications have been reported, 
including LLD, knee pain, knee joint 
stiffness, knee septic arthritis, knee 

metallurgy, malunion, nonunion, and 
implant failure.2,4 Incidence of knee 
pain after retrograde IMN for femoral 
shaft fractures has varied from 0% to 
60%.3-5,7-9,14,21 In a comparative study 
of retrograde versus antegrade nail-
ing, time to union was slightly longer 
in the retrograde group compared 
with the antegrade group, and more 
secondary procedures were needed to 
obtain union.1,6,8,9,11,12 The retrograde 
group had more symptomatic distal 
screw pain, requiring removal.1

In this series, mean HSS knee 
scores were 89 (pain) and 78 (func-
tion). Patients with poor clinical sta-

tus before trauma had the lowest 
scores. There was no difference in 
knee pain and LLD between patients 
with isolated fractures and patients 
with polytrauma. Mean knee ROM 
was 126°, comparable to what has 
been found previously.1,4,6-8 Clinical 
assessment of our patients showed 
that 60% of them were complaining 
of occasional knee pain in spite of 
postoperative conservative treatment. 
It is very interesting that only 5 (16%) 
of the 31 patients required surgical 
treatment for knee pain (distal screw 
removal). The high incidence of knee 
pain in our series could be attributed 
to our follow-up being longer than 
that in previous studies and the possi-
bility that many of our patients were 
involved in legal issues.

We also evaluated LLD in all our 
patients by performing scanograms at 
follow-up. To the best of our knowl-
edge, this study is the first in which 
LLD was objectively evaluated. Mean 
LLD was 1.19 cm. As reported in the 
Results section, 16.1% of our 31 
patients had more than 2 cm of LLD, 
35.5% had LLD between 1.0 and 1.9 
cm, and 48.4% had less than 1 cm of 
LLD. Patients with higher LLD had a 
higher degree of comminution.

One third of our patients had insuf-
ficient follow-up. Nevertheless, we 
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believe that retrograde nailing may 
offer a different treatment option 
for femoral shaft fractures. Its indi-
cations, however, must be limited 
to specific situations in which the 
antegrade nailing technique may be 
restricted, as in cases of concomitant 
femoral neck fractures, acetabular 
fractures, multiple injuries, obesity, 
and pregnancy. Results from recent 
clinical and experimental studies sup-
port use of retrograde nailing in cer-
tain situations.

Clinical studies are still answer-
ing questions about the long-term 
consequences of retrograde IMN in 
isolated femoral shaft fractures.1,5,13,14 
Our findings preclude recommend-
ing its routine use for stabilization 
of isolated femoral shaft fractures. 
Antegrade IMN continues to be the 
standard of care for isolated femoral 
shaft fractures. However, particular 
clinical situations would dictate use 
of the retrograde over the antegrade 
technique despite theoretically more 
knee pain and larger LLD associated 
with retrograde IMN.
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