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Abstract Extension contracture of the knee is a common
complication of femoral lengthening. Knee flexion exer-
cises to stretch the contracture with physical therapy can be
effective but take a prolonged amount of time to work and
place increased stress across the patellofemoral joint. We
developed a minimal-incision limited quadricepsplasty
surgical technique to treat knee extension contracture
secondary to femoral lengthening and retrospectively
reviewed 16 patients treated with this procedure. The mean
age of the patients was 23 years. Range of motion of the
knee and quadriceps strength were recorded preoperatively,
after femur lengthening but before additional surgery, after
quadricepsplasty, and at each followup. The mean femoral
lengthening performed was 4.4 cm. We compared range of
motion and time to regain knee flexion with those of
historical controls. The minimum followup after quadri-
cepsplasty was 6 months (mean, 38 months; range, 6-84
months). The mean range of motion was 129° preopera-
tively, 29° after the distraction phase of femoral
lengthening, and 108° after limited quadricepsplasty, and at
final followup, the mean knee flexion was 125°. There were
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no major complications. Limited quadricepsplasty
improved knee flexion after a knee extension contracture
developed secondary to femoral lengthening. In compari-
son to historical controls who did not have
quadricepsplasty, the patients with limited quadriceps-
plasty had quicker return of knee flexion, although there
was no difference in knee flexion achieved ultimately.
Level of Evidence: Level III, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Quadricepsplasty is a well-known procedure to improve the
range of motion (ROM) in patients with knee stiffness [,
11, 12, 21]. Some causes for the stiffness include scarring
after trauma or intraarticular knee surgery and quadriceps
tightness after femoral lengthening. Femoral lengthening
using distraction osteogenesis and the Ilizarov method is a
recognized treatment modality for patients with lower
extremity limb length discrepancy (LLD) [5, 19, 20].
However, femoral lengthening requires substantial muscle
and tendon stretching, which often leads to knee stiffness
and an extension contracture [7, 9, 17].

Numerous methods have been used to treat knee
extension contractures associated with lengthening,
including the Thompson quadricepsplasty [21], Judet
quadricepsplasty [1, 11, 12], and their modifications [6].
These procedures are associated with risks of complica-
tions, such as severe extensor mechanism weakness and
extensor lag [4, 15, 16] and infection associated with a
large exposure [15, 16].

We describe our technique of a minimal-incision limited
quadricepsplasty. We determined gains in ROM with this
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procedure, time to regain flexion, quadriceps strength, and
complications. Finally, we compared the ROM of our
patients with those from historical controls [7].

Material and Methods

We retrospectively reviewed the charts of 66 patients who
underwent femur lengthening procedures from 2000 to
2006. Of these 66 patients, 16 (24%) had an extension
contracture of the knee develop (Table 1). These patients
were not able to bend their knee greater than 60° despite
aggressive physical therapy. We considered these findings
indications for a minimal-incision limited quadriceps-
plasty. There were 10 males and six females. Their mean
age was 23 years (range, 4.5-54 years). These patients had
various underlying diagnoses (Table 1). The femoral
lengthening was performed using the EBI Multi-Axial
Correction frame (Biomet/EBI, Parsippany, NJ) in five
patients, the EBI rail frame (Biomet/EBI) in nine patients,
and the Ilizarov/Taylor spatial frame (Smith and Nephew,
Inc, Memphis, TN) in two patients. Fifteen patients (93%)
had a distal femur osteotomy and one patient had a mid-
shaft femur osteotomy. One patient (Patient 1) also had
tibia lengthening after the femur lengthening. All 16
patients were evaluated during regular followups in the
office. None of the 16 patients was to lost followup; none
was seen specifically for this study. The minimum fol-
lowup after quadricepsplasty was 6 months (mean,
38 months; range, 684 months). This study was approved
by Institutional Review Board of the Hospital for Special
Surgery.

The mean preoperative LLD, including the femur and
tibia, before lengthening was 4.5 cm (range, 2—12 cm).
The mean femoral lengthening performed was 4.4 cm
(range, 2—12 cm). The mean percentage femur lengthening
performed was 11.6% (range, 5.3%-26.8%) of the entire
bone length. The average final LLD was 0.6 cm (range,
0.7-3 cm). The mean difference between starting LLD and
final LLD was 3.9 £+ 2.0 cm (p < 0.001).

ROM of the knee was measured by the senior surgeon
(SRR), using a goniometer, before femur lengthening, after
femur lengthening, after quadricepsplasty, and at each
followup. Watkins et al. [22] mentioned measuring ROM
of the knee in the clinical setting is reasonably reliable.

All 66 patients who had femoral lengthening underwent
physical therapy during active lengthening to maintain
ROM. Therapy consisted of passive, active-assisted, and
active ROM knee stretching exercises, bicycle, quadriceps
electrical stimulation or ultrasound, patellar mobilization,
and weightbearing as tolerated ambulation. Therapy began
Postoperative Day 1 and continued for two to three times
per week. For patients identified as having an early knee
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extension contracture, therapy was increased to three to
five times per week with a therapist and a daily home
program. They were allowed to ambulate with weight-
bearing as tolerated with an assistive device the next day.

Patients who had less than 60° flexion and showed no
improvement despite aggressive therapy were considered
for surgery. ROM results were categorized into functional
groups according to Judet et al. [11] as knee flexion greater
than 100°, flexion between 80° and 100°, and flexion less
than 80°.

The mean knee flexion after lengthening and before
limited quadricepsplasty was 29° (range, 10°-60°). The
average time from the end of distraction for lengthening to
limited quadricepsplasty was 35 days (range, —3-
193 days). (A negative number indicates the quadriceps-
plasty was performed before the end of distraction.) The
mean time wearing the frame was 7.2 months (range, 0.9—
28 months). We compared our series with an historical
control. Herzenberg et al. [7] reported results of knee ROM
over time in a series of patients who underwent femoral
lengthening. They did not use quadricepsplasty.

We used epidural anesthesia with intravenous sedation
for all procedures. The external fixator was prepped in the
field, and pin sites were wrapped with Betadine®-soaked
(Purdue Frederick, Norwalk, CT) sponges. We did not use
a tourniquet for any procedures. A 5-cm anterolateral skin
incision was made beginning from the superolateral aspect
of the patella and extended 5 cm proximally (Fig. ).
Dissection was carried down to the fascia. We incised the
fascia in line with the fibers of the iliotibial band. A
transverse fasciotomy was performed to release the ilio-
tibial band and the anterior fascia of the thigh. The vastus
lateralis then was exposed and split longitudinally. This
exposed the vastus intermedius muscle and overlying fas-
cia. The rectus femoris muscle and fascia were retracted
anteriorly with a right-angled retractor and protected from
the field. The vastus lateralis was retracted posteriorly. This
exposed the entire vastus intermedius. The anterior fascia
then was released with a transverse cut across its fibers. We
took care not to incise any of the muscle tissue. The tight
bands of the vastus intermedius were most apparent with
the knee in maximum flexion. After releasing these fascial
bands, we performed gentle manipulation to obtain maxi-
mum knee flexion. The hip was flexed during the
manipulation to avoid excessive stretching of the femoral
nerve. The wound was irrigated copiously and a drain was
placed. The fascia was not repaired. We closed the skin in
layers. We did not find the need to release the iliotibial
band proximally around the distal femur pins.

Postoperative pain control typically was achieved with
epidural patient-controlled analgesia. Patients were started
on a continuous passive movement machine in the recovery
room with ROM of 0° to 40° and were advanced as
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Fig. 1A-E The schematic diagrams show the surgical steps for
limited quadricepsplasty. The (A) anatomy of the distal thigh, (B)
location of the incision, (C) splitting of the vastus lateralis muscle,

tolerated. The drain was removed the morning after sur-
gery. Physical therapy was started on the first postoperative
day with weightbearing as tolerated ambulation and knee
ROM. Active-assisted knee flexion, passive flexion, active
and passive extension, and isometric quadriceps exercises
were encouraged immediately after the surgery. Physical
therapy was supervised during the hospital stay and after
discharge for 4 weeks by a physical therapist. After
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descending genicular artery

anterolateral incision

patella

Split vastus lateralis muscle

Transverse cut of vastus  patella
intermedius tendon

(D) exposure and incision of the vastus intermedius tendon/fascia, and
(E) the separated vastus intermedius tendon/fascia are shown.

approximately 5 to 6 weeks of outpatient physical therapy,
unsupervised therapy was recommended.

Differences (mean =+ standard deviation [SD]) and
comparisons were calculated between: ROM before quad-
ricepsplasty and after quadricepsplasty; ROM before
femoral lengthening and at final followup; ROM before
quadricepsplasty and at final followup, intraoperative
ROM, and ROM at last followup. All comparisons were
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performed using a paired t test. P values were Bonferroni
corrected for the above four comparisons. The statistical
program used was SYSTAT™ Version 10 (Systat Software
Inc, Richmond, CA).

Results

The mean maximum knee flexion before lengthening was
129° (range, 80°-140°) (Table 2). The mean knee flexion
at the end of distraction was 29° (range, 10°-60°). The
mean knee flexion obtained immediately after limited
quadricepsplasty improved (p < 0.001) to 108° (range,
80°-120°). At final followup, the mean knee flexion further

Table 2. Knee ROM during course of treatment

Patient ROM (degrees)

Before Before Achieved during At last
treatment quadricepsplasty —quadricepsplasty  followup

1 130 30 110 130
2 140 60 110 130
3 135 25 120 130
4 130 40 120 130
5 135 30 120 130
6 130 40 120 140
7 130 20 120 130
8 135 35 80 120
9 140 15 110 130
10 130 25 110 130
11 130 15 115 130
12 130 30 115 135
13 130 10 115 90
14 80 30 90 130
15 130 40 100 130
16 130 20 90 90
Mean 129 29 108 125

(80-140)  (10-60) (80-120) (90-140)

ROM = range of motion.

improved (p < 0.001) to 125° (range, 90°-140°) (Table 2).
Fourteen of the 16 patients regained their preoperative
ROM by the final followup. We observed no difference
(9° £ 30° p = 1.0) between mean preoperative flexion
and final flexion (Table 3), suggesting patients tended to
regain preoperative ROM after limited quadricepsplasty.
Fourteen of the 16 patients had knee flexion greater than
100° and two of 16 had knee flexion between 80° and 100°
according to the criteria of Judet et al. [11]. None of our
patients had knee flexion less than 80° at final followup.

Two patients (Patients 13 and 16) did not regain their
preoperative ROM. Patient 13 had extension contracture
develop during femoral bone transport after segmental
resection of the femur for periosteal osteosarcoma. In this
patient, lengthening was continued after quadricepsplasty,
and ultimately, a 12-cm bone transport was accomplished.
Other complications included nonunion of his femur
docking site, which required exchange femoral nailing
twice. Patient 16 had postpolio residual paralysis with
quadriceps weakness. This patient underwent the quadri-
cepsplasty during active femur lengthening. Based on these
two patients, we do not think quadricepsplasty should be
performed during active lengthening; it seems better to
continue the lengthening or the bone transport and then
perform the quadricepsplasty after the distraction phase.

Quadriceps muscle power was graded as 5/5 in all but
one patient (Patient 14) who was graded 4/5. A 10°
extensor lag was seen in one patient (Patient 16). This
patient had postpolio residual paralysis with quadriceps
weakness in which extensor lag was present even before
the femoral lengthening.

During femoral lengthening, two patients (Patients 2 and
7) had superficial pin tract infections, which were treated
successfully with local wound care and oral antibiotics
(Table 1). Femoral nerve sensory symptoms were seen in
one patient during lengthening (Patient 2), which resolved
but slowed down the rate of distraction. A subcutaneous
abscess of the thigh was seen in one patient (Patient 13),
who was treated with incision and drainage under anes-
thesia and intravenous antibiotics. None had skin necrosis
or wound dehiscence.

Table 3. Differences in knee ROM at different times during course of treatment

Comparison times Difference in ROM (degrees)* p Value
Before treatment Before quadricepsplasty 99 £+ 19 < 0.0001
Before treatment During quadricepsplasty 20 £ 15 < 0.0001
Before quadricepsplasty During quadricepsplasty -79 4+ 20 < 0.0001
Before treatment At last followup 9+ 30 1.0
Before quadricepsplasty At last followup —90 + 26 < 0.0001
Intraoperative At last followup —11+ 29 0.1

* Values are expressed as mean =+ standard deviation; ROM = range of motion.
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Discussion

Femoral lengthening can lead to knee stiffness and an
extension contracture. The Thompson quadricepsplasty, the
Judet quadricepsplasty, and their modifications are asso-
ciated with increased risks of complications. We describe a
minimal-incision limited quadricepsplasty for extension
contracture of the knee. We analyzed the gain in ROM of
the knee, time to regain flexion, quadriceps strength, and
complications. We compared ROM of our patients and
time to regain knee flexion with those from historical
controls.

The major limitation in our study is the heterogeneity of
case series. Patients were of different age groups, and
femoral lengthening was done for leg length discrepancy
attributable to multiple reasons, for example congenital,
posttraumatic, postirradiation growth arrest or postseptic
joint. Another limitation was the different method of fix-
ation during femoral lengthening. These included
application of a monolateral external fixator, a ring fixator,
or lengthening over a nail. We think these limitations do
not jeopardize our conclusions. Our patient group is dif-
ferent in that their contractures were acute and were related
specifically to femur lengthening. These patients tend not
to have arthrofibrosis, patellar tendon scarring, and patellar
retinacular contraction often seen in posttraumatic or
postsurgical generated knee extension contractures. We do
not recommend limited quadricepsplasty for a chronic knee
extension contracture from nonlengthening-related etiolo-
gies. Our technique is effective for extension contracture in
the context of femoral lengthening and although we have
no data, we believe it works best if performed soon after
the distraction phase. We have not found the pins to
mechanically block ROM of the knee. We also did not find
the need to release the iliotibial band around the distal
femur pins.

Herzenberg et al. [7] reported followup ROM of 25
patients with extension contractures after femoral length-
ening treated nonoperatively. The mean age of their
patients was 20.2 years. Fifteen patients underwent femoral
lengthening for atraumatic (congenital or developmental)
and 10 for posttraumatic shortening. The mean femoral
lengthening was 6 cm (range, 3—15 cm). ROM decreased
from 127° + 16° to 37° £ 15° after femoral lengthening.
All patients underwent daily aggressive physiotherapy. All
but one patient achieved 90° knee flexion by 6 months after
frame removal and full recovery was seen during the
course of 1 year after frame removal. Patients required
very aggressive physical therapy during the course of
1 year to recover ROM of the knee. At final followup, knee
flexion was 122° £ 23°. A comparison of ROM of our
patients with the historical series of Herzenberg et al. [7] is
shown in Fig. 2. We did not have access to the raw data of
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Fig. 2 A comparison of ROM of our patients with ROM of the
patients of Herzenberg et al. [7] is shown.

Herzenberg et al. [7]. For this reason, we could not establish
matching patient groups, and we also could not statistically
compare ROMs of the two groups. Our patient group had
greater than 90° of knee flexion immediately after quadri-
cepsplasty which led to a much more rapid return of knee
flexion compared with the patients of Herzenberg et al. [7].
Their patients were young with short-term followup; it is
not known whether they are at increased risk for
patellofemoral arthritis secondary to the increased joint
surface contact pressures required to nonsurgically release
these contracted tissues. Others have observed the flexing of
knees with extension contractures treated with a combina-
tion of surgical releases and therapy has led to a substantial
increase in patellofemoral arthritis [3, 14]. Intuitively, one
could reason, without the surgical releases, the even tighter
joint may suffer even greater compression with flexion, but
to our knowledge, this has not been proven. A more rapid
recovery of motion may be advantageous.

Merchan and Myong [13] reported results of 21 Judet
quadricepsplasties for posttraumatic stiffness: 9.5% had
knee flexion greater than 100°, 57.1% had knee flexion
between 80° and 100°, and 33.3% had flexion between 50°
and 80° according to the criteria of Judet et al. [11]. Nicoll
[16] reported 33% of his patients had knee flexion greater
than 80° after Judet quadricepsplasty. Ali et al. [1] reported
the results of 10 patients treated with Judet quadriceps-
plasty for severe extension contracture of the knee after
femoral fracture with an external fixator. Their results
showed an improvement from 33° preoperatively to 88° at
an average of 24 months’ final followup. Bellemans et al.
[2] reported the results of 16 patients who had Judet
quadricepsplasties with a mean followup of 22 months.
The mean gain in knee flexion was 68°, with maximum
movement as much as 90° [2]. Masse et al. [12] studied the
clinical outcomes of 21 patients who had Judet quadri-
cepsplasties after an average followup of 101 months.
Knee flexion was greater than 100° in eight patients
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(38.10%), greater than 80° and less than 90° in nine
(42.86%), and between 50° and 80° in four (19.05%), with
no patients with knee flexion less than 50° [12]. Judet et al.
[11] reported active flexion greater than 100° in most of
their patients and extensor lag in 11% of patients. The
complications associated with the Thompson procedure
were severe quadriceps muscle weakness and extensor lag
[1, 4, 7-10]. Moore et al. [15] and Pick [18] observed
extensor lag after the Thompson quadricepsplasty of 33%
and 66% respectively. Patient 14 had some relative
weakness of the quadriceps compared with the opposite
side at latest followup. Patient 16 showed no change from
preoperative regarding quadriceps weakness.

The minimal incision limited quadricepsplasty was
effective for treating knee extension contractures after
femoral lengthening. In comparison to historical controls, it
was easier and quicker for patients to achieve maximum
knee flexion.
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