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Post-traumatic  knee  stiffness  and  loss  of  range  of motion  is  a common  complication  of injuries  to the
knee  area.  The  causes  of  post-traumatic  knee  stiffness  can  be  divided  into  flexion  contractures,  extension
contractures,  and  combined  contractures.  Post-traumatic  stiffness  can  be  due  to  the  presence  of  dense
intra-articular  adhesions  and/or  fibrotic  transformation  of  peri-articular  structures.  Various  open  and
arthroscopic  surgical  treatments  are  possible.  A  precise  diagnosis  and  understanding  of  the  pathology
is  mandatory  prior  to  any  surgical  treatment.  Failure  is  imminent  if all pathologies  are  not  addressed
correctly.  From  a general  point  of view,  a flexion  contracture  is due  to posterior  adhesions  and/or  anterior
impingement.  On  the  other  hand,  extension  contractures  are  due  to  anterior  adhesions  and/or  posterior
impingement.  This  overview  will  describe  the  different  modern  surgical  techniques  for  treating  post-

traumatic  knee  stiffness.  Any  bony  impingements  must  be  treated  before  soft tissue release  is  performed.
Intra-articular  stiff  knees  with  a  loss of flexion  can  be  treated  by an anterior  arthroscopic  arthrolysis.
Extra-articular  pathology  causing  a flexion  contracture  can be  treated  by  open  or  endoscopic  quadriceps
release.  Extension  contractures  can  be treated  by  arthroscopic  or open  posterior  arthrolysis.  Postoperative
care  (analgesia,  rehabilitation)  is  essential  to maintaining  the  range  of motion  obtained  intra-operatively.

©  2014  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

Knee stiffness, or more accurately, a limitation in range of
otion, is a potential complication after any intra-articular or

xtra-articular injury. It can be caused by a flexion contracture, an
xtension contracture or a combined contracture (affecting both
exion and extension) relative to the contralateral side (if healthy).

This stiffness has two components:

intra-articular: tissue remodeling [1] leading to intra-articular
adhesions, excessive proliferation of fibrous scar tissue, retrac-
tion of peri-articular soft tissues and bone impingement due to
intra-articular malunion;
extra-articular: quadriceps adhesions to a femoral callus, femoral
aponeurosis and intermuscular septum, retraction of the muscle
due to scar tissue and skin adhesions in the deeper layers.
Depending on the nature of the initial injury and the treatments
pplied, these two components will be present in variable amounts
2].

∗ Corresponding author. Tel.: +33 1 39 63 89 51; fax: +33 1 39 63 95 07.
E-mail address: npujol@ch-versailles.fr (N. Pujol).
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Treatment consists of analyzing the condition and then surgi-
cally releasing certain anatomical structures as needed. Various
open and arthroscopic surgical techniques have been used over the
past 30 years to treat all of the causes of stiffness while reducing
morbidity [3,4]. We  will sequentially review the causes of stiffness,
the various techniques used to address them and their indications.

2. Analysis of stiffness

It is important to determine the source of the stiffness, as this
information will determine which procedures should be performed
and the prognosis. Adhesion and bone impingement are the key
words. In all cases of post-traumatic stiffness, any fractures must be
healed before release can be performed, thus, a 3–6-month waiting
period is required. The surgeon must compromise between man-
aging stiffness and obtaining bone union. Moreover, any complex
regional pain syndrome (CRPS) must be detected. If the condition
does not revolve spontaneously, surgery should only be performed
during the quiet phase. Surgery must be delayed if active CRPS
is suspected. However, it is hard to distinguish between post-
traumatic stiffness and CRPS, since these two conditions are often

interlinked. The signs of CRPS (warm, inflamed knee; pain that is
not relieved by analgesics; stiffness that persists or gets worse) are
in direct contrast with those of a non-swollen knee that is mod-
erately painful and has undergone progressive changes in range

dx.doi.org/10.1016/j.otsr.2014.06.026
http://www.sciencedirect.com/science/journal/18770568
http://crossmark.crossref.org/dialog/?doi=10.1016/j.otsr.2014.06.026&domain=pdf
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2.3.2. Was  the initial injury closed or open?
If it was  open, where the soft tissue severely damaged? A large

open femoral shaft fracture with adhered, retracted scar tissue is a
Fig. 1. Post-traumatic patella baja is responsible for loss of flexion.

f motion over time (up to a certain point). There will be an area
f increased uptake on bone scan for several months after a frac-
ure. A progressive reduction of this uptake is a sign that CRPS will
esolve. MRI  can be useful in these cases. But, it should be kept in
ind that the results of mobilization procedures are not as good

eyond 6 months.

.1. Loss of flexion

In cases of limited flexion, one must look for posterior impinge-
ent (femoral malunion), anterior adhesions or retractions (joint

apsule, quadriceps bursa, patellar retinaculum, quadriceps), and
atella baja/infera. Recent knee radiographs are essential: A/P
nd lateral weight bearing, Schuss view, 30◦ flexion view of
atellofemoral joint. Radiographs of the femur are also needed if

t was fractured, along with long-leg standing views. CT arthrog-
aphy and/or MRI  can be useful in characterizing the reasons for
tiffness. These can help determine the presence of intra-articular
alunion, the capsule volume, and the presence of meniscus, car-

ilage and ligament injuries. Patellar height is measured using the
aton–Deschamps index [5]. Patella baja or infera (index less than
.6) is one of the main causes of limited knee flexion. It can be a
irect consequence of the initial injury (Fig. 1) or the result of CRPS.

.2. Loss of extension

In cases of limited extension (flexion deformity), one must
ook for anterior impingement (e.g. malunion of the intercondy-
ar eminence), contracture of anterior cruciate ligament (ACL) and
osterior cruciate ligament (PCL) (retraction of the PCL, which is
aut during flexion, primarily limits flexion, unless the PCL inser-
ions were brought closer together due to malunion, in which case,
he PCL will also limit extension) (Fig. 2), and contracture of the
osterior joint capsule over the condyles. This posterior capsule
ontracture may  be asymmetric; it can be analyzed on axial slices
f the CT arthrography (or MRI  in cases of significant swelling) by
etermining the posterior joint volume (Fig. 3). An ACL contracture
s more difficult to evaluate; it is often revealed during arthroscopy.
 contracture of the gastrocnemius muscles may  also be present. It
an be detected during the clinical exam by looking for a change in
he flexion deformity when the ankle is maximally dorsiflexed. If a
Fig. 2. Anterior impingement or posterior adhesions are the cause of extension-
limiting stiffness.

contracture exists in the gastrocnemius, the maneuver will increase
the knee’s passive flexion deformity. If this occurs, gastrocnemius
release may  be needed.

2.3. Other components

2.3.1. Was  the initial injury purely intra-articular (patella
fracture, Hoffa’s syndrome, immobilized severe knee sprain, etc.),
purely extra-articular (mid-shaft femur fracture) or both?

This contributes to determining if the stiffness has intra-
articular, extra-articular or combined origins, respectively.
Fig. 3. Asymmetric appearance of the posterior joint capsule due to medial contrac-
ture (MRI, axial view).
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Table  1
Average results according to the technique used.

Loss of flexion Average preoperative
flexion

Average postoperative
flexion at follow-up

Arthroscopic arthrolysis [6] 66◦ 117◦

Isolated endoscopic
quadriceps release [7]

60◦ 120◦

Open quadriceps release
[8]

30◦ 95◦

Loss of extension Average preoperative
extension deficit

Average postoperative
extension deficit at
follow-up

◦ ◦
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clearly visible (Fig. 6). Any excess fibrous tissue is excised, along
with the anterior synovial membrane. The retracted patellar reti-
naculum and adhesions to the femoral cortex (Fig. 7) are then
Arthroscopic posterior
release [1]

26 3

Open posterior release [9] 17◦ 2◦

ign of quadriceps adhesions to the femur, which crossed through
he quadriceps and skin at the time of the injury.

.3.3. How long ago did the initial injury occur?
The more chronic the injury, the less the previous rules apply.

ure intra-articular stiffness will be complicated over time by
uadriceps contracture; pure extra-articular stiffness will be com-
licated over time by intra-articular adhesions and capsule and

igament contractures.

.3.4. Does the joint have signs of malunion and/or
ost-traumatic osteoarthritis?

In these cases, there is greater uncertainty around the outcome
f a mobilization procedure. This is an essential prognostic factor
nd also a main component of the indication. In the most serious
ases, arthroplasty can be performed right away, especially if the
ntra-articular malunion (or osteoarthritis) is significant and the
atient is older. This type of case will not be discussed going for-
ard, as this review will focus on cases of stiffness when the joint

utline is normal or minimally disrupted.

. Surgical techniques

We  will describe the treatment for loss of flexion and then
oss of extension using open and arthroscopic techniques. These
an complement each other and also be synergistic. Postoperative
ain management will be planned by the anaesthesia and surgical
eams before the procedure. It is essential to plan for postopera-
ive regional anaesthesia, ideally using a crural or even a sciatic
atheter to allow for immediate rehabilitation. A morphine pump
an be proposed. The expected outcomes for each type of procedure
re summarized in Table 1.

.1. Manipulation under anaesthesia

There is practically no use anymore for manipulation under
naesthesia (MUA), no matter how much time has elapsed since
he injury event. It is fraught with many potential problems: frac-
ure, failure of fixation construct, tendon rupture, cartilage damage,
tc. Nevertheless, gentle manipulations can be an option before

 months, for example, after IM nailing of an isolated femoral shaft
racture with radiological signs of union, because the contractures
re not yet severe and the risk of fixation failure is low.

.2. Anterior arthroscopic arthrolysis for loss of flexion

This is now a standard technique that can be considered start-

ng 3 months after the injury event, and sometimes earlier [10]. In
act, it should be suggested early on if the joint range of motion
s no longer improving and there are no signs of active CRPS. Any
ractures must have healed.
Fig. 4. Standard arthroscopic portals for anterior arthrolysis.

3.2.1. Patient positioning
The patient is placed supine with a tourniquet cuff placed at the

base of the thigh and inflated to 300 mmHg. The range of motion is
assessed again under general anaesthesia. The arthroscopy proce-
dure requires a tower with arthroscopy pump, motorized shaver,
electrocautery probe, Mayo scissors, clamps and basket forceps.
The main arthroscopic release procedures for the knee, which were
reviewed during a symposium of the French Arthroscopy Society
(SFA) about 10 years ago, are still relevant [6].

3.2.2. Surgical approach
Standard anteromedial and anterolateral arthroscopic portals

are made with the knee flexed; the scope is introduced into the
suprapatellar area with the knee extended. Medial and lateral
suprapatellar portals can be added as needed (Fig. 4). The supra-
patellar bursa, which is often the source of adhesions (Fig. 5), is
then released using electrocautery or a shaver down to the ante-
rior femoral cortex, until the deep fibres of the quadriceps are
Fig. 5. Adhesions to the suprapatellar fat pad.
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Fig. 6. Release of adhesions to the suprapatellar fat pad.

xtensively divided (ideally using electrocautery to limit postop-
rative bleeding) practically up to the subcutaneous tissue. The
ateral retinaculum is typically the first structure to be released
Fig. 8). The anteromedial portal is used for the scope and the lateral
uprapatellar and infrapatellar portals are used for the instruments.
he scope and instrument portals are reversed to divide the medial
etinaculum. This division can be completed using Mayo scissors,
ith one blade placed in the subcutaneous space and the other

nside the joint. Any adhesions on the lateral femoral cortex are
lso released [11]. The knee is then flexed 45◦ and the notch freed
p. In particular, the infrapatellar (Hoffa’s) fat pad will need to be
eleased from the tibia and the front of the intermeniscal ligament.

During the final intra-articular assessment, no significant adhe-
ions must remain. Each step of the release procedure has an
mportant role: release of suprapatellar bursa, division of retinacu-
um, freeing up of femoral cortex and anterior side of notch, release
f fat pad adhesions. They are almost always performed in a sys-
ematic manner.

The irrigation liquid is then drained from the joint. At this point,
nd only at this point, gradual and reasonable mobilization can be
arried out to further increase the range of motion. This is done after
aving released the tourniquet, so as to slacken the quadriceps, but
efore adding a lightly compressive bandage over the joint. It is

ecommended to palpate the patella and patellar tendon with one
and, and then to gradually flex the knee to let any remaining adhe-
ions release themselves. Nevertheless, excessive force should not

Fig. 7. Contracture of the patellar retinaculum.
Fig. 8. Release of the posterior joint capsule.

be used as this may  lead to fracture (femur, patella, tibia), patel-
lar tendon avulsion, chondral damage due to excessive pressure,
etc. After these manipulations, the maximum range of motion pos-
sible using the limb’s weight is recorded (Fig. 9), along with the
maximum passive range of motion. The final objective after rehabil-
itation is to at least match the flexion found using the limb’s weight.
In practice, it is rare to achieve more. The incisions are closed and
a suction drain placed inside the joint. It is removed 2 or so days
after the surgery, depending on its flow.

3.3. Open release for loss of flexion

The intra-articular causes of loss of flexion are now almost
exclusively treated by arthroscopy with good results [12–15]. As
a consequence, open release is reserved for knee stiffness cases
that have a significant extra-articular component (quadriceps con-
tracture and/or adhesions). The indications are now limited to
sequelae of open femur fracture, femoral osteomyelitis, and femur
shaft malunion. The surgeon must still be aware of how to perform
quadriceps release techniques, which may  be necessary in cases
of major stiffness. This is a very extensive procedure. Hence, the

expected benefits must be weighed against its risks (haemorrhage,
haematoma, infection, repeated fracture, recurrence of stiffness,
etc.) before starting.

Fig. 9. Postoperative measurement of the range of motion using the limb’s weight
after the tourniquet has been released.
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Fig. 10. Lateral approach used for quadriceps release.

.3.1. Patient positioning
The patient in placed a slight ¾ supine position with a cush-

on under the ipsilateral buttock and counter-support pad against
he contralateral greater trochanter. The procedure is performed
ithout a tourniquet for the quadriceps phase. A sterile tourniquet

s useful during the first intra-articular phase. The operative field
ncompasses the entire lower limb so as to provide access to the
ip at the end of the procedure, if needed.

.3.2. Arthrolysis
Even if the stiffness is thought to have an extra-articular source,

 tailor-made intra-articular release will be performed in the first
hase to cut away any intra-articular adhesions. In the ideal case,
his phase will be performed arthroscopically according to the
forementioned principles. In many cases, this will improve the
ange of motion by dozens of degrees. If this improvement is not
ufficient, quadriceps release will be carried out next.

.3.3. Open quadriceps release
This procedure was first described in 1956 by Robert and Jean

udet; it is performed through a wide lateral approach [7] (Fig. 10).
he goal is to re-establish the sliding planes of the anterior thigh
ompartment. A longitudinal incision is made into the fascia lata
nd any adhesions between it and the quadriceps are released. The
astus lateralis muscle is detached from its aponeurosis and the
inea aspera. Perforating blood vessels are coagulated or ligated. The
astus lateralis and intermedialis are completely detached from
he femoral shaft. Judet recommended not releasing the muscle
own to the bone and leaving fibrous tissue on the deep aspect of
he muscle, but instead sectioning the muscle fibres with a scalpel
nd leaving the fibrous tissue on the bone. If the release is per-
ormed down to the bone, the fibrous tissue on the deep aspect of
he quadriceps must then be excised to restore its flexibility.

Quite often, this release is not sufficient, which requires addi-
ional procedures:

the vastus lateral tendon is detached under the greater
trochanter. This provides access to the anterior and medial part
of the femur by detaching the vastus medialis muscle (Fig. 11);
if there is large amount of palpable tension in the tendon of the
rectus femoris when the knee is maximally flexed, this tendon
needs to be divided. The incision is extended superiorly and ante-
riorly and the rectus femoris tendon dissected free before being
divided;
in some cases, it may  be necessary to section the anterior half
of the vastus intermedialis aponeurosis in the middle part of the
thigh.
The various steps of this quadriceps release are performed little
y little and as needed based on the intra-operative observations.
he incisions are closed with the knee in maximum flexion, so as
Fig. 11. Retrovastus approach of the femoral shaft.

to lose the least amount of flexion possible; division of the anterior
half of the vastus intermedialis aponeurosis makes it possible to
close the fascia lata above and below this cut.

The goal is to obtain at least 90–100◦ flexion using the limb’s
weight; this is a significant improvement in view of the preop-
erative flexion often being severely limited and averaging 25◦ in
various published studies [8,16,17]. The flexion range of motion
obtained using the limb’s weight and then passively is recorded.

3.4. Endoscopic quadriceps release

In cases with combined intra- and extra-articular involve-
ment, some authors have proposed doing an endoscopic release
of quadriceps adhesions to the femur, in addition to the standard
arthroscopic arthrolysis [18–20]. The outcomes seem satisfactory
but there are certain limitations. The advantage of this technique is
that it is less invasive and still allows for an open release procedure
during the same step (conversion) if the arthroscopic results are
not satisfactory. However, the indications have only been vaguely
defined in published studies and there are no reliable recommen-
dations as to the role of an endoscopic procedure relative to an open
one.

3.5. Patella baja/infera

Acquired patellar baja (or infera) occurs when the patellar ten-
don is retracted due to scar tissue, adheres to the proximal end
of the tibia, with contracture of the infrapatellar fat pad located
on its posterior aspect [21]. This has also been called “infrapatellar
contracture syndrome” [5,22]. It can severely restrict knee flexion.

Several procedures have been proposed for this condition:
lengthening of patellar tendon [23] or even allograft reconstruc-
tion (if the tendon is too retracted to be lengthened) [24,25], but
especially proximalization of the tibial tubercle [22]. The amount
of proximalization needed to achieve a Caton–Deschamps index
of 1 must be calculated; the patellar retinaculum must be exten-
sively released down to the quadriceps, the infrapatellar fat pad
resected and a standard tibial tubercle osteotomy performed. The
strip should be 5–7 cm long and 2 cm wide. The tibial tubercle is
raised 1.5 to 2 cm and secured 1 cm distal to the tibial plateaus
using two bicortical 4.5-mm diameter screws (Fig. 12). The pro-
cedure can be performed under fluoroscopy control. Immediate
weight bearing is allowed while using a Zimmer splint; rehabili-
tation is initiated immediately; active extension is allowed after

the first month; flexion is limited to 60◦ during the first 21 days
and then up to 90◦ by the 45th day). This osteotomy can be per-
formed in combination with soft tissue release in cases of severe
patella baja.
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The scope is then introduced by the anterolateral portal under
the posterior cruciate ligament (PCL) towards the posteromedial
space. The posteromedial portal is located using a needle and
ig. 12. Proximalization of the tibial tubercle for flexion contracture and patella
aja.

.6. Posterior arthrolysis for loss of extension

Once any anterior abutments have been eliminated, the reason
or the loss of extension can be a posterior capsular contracture.
his can be analyzed using axial MRI  or CT arthrography slices by
ooking for adhesions of the posterior joint capsule, which can be
symmetric.

If an active patient has a persistent 10–15◦ flexion deformity
hat does not respond to conservative treatment and rehabilita-
ion, arthrolysis seems justified. Open [9,26–28] and arthroscopic
19,29] techniques have been described. They will be summarized
elow.

.7. Open posterior arthrolysis

A vertical posteromedial retroligamentous arthrotomy is carried
ut using a 4-cm incision with the knee flexed 90◦ (Fig. 13). Patient
ositioning assumes that an anterior arthrolysis was  performed
eforehand as needed to obtain sufficient flexion and posterior
pace, and to move any nerve and vascular structures away. The
edial part of the posterior joint capsule is dissected from the

emur and sectioned down to it. The posterior nervous and vas-
ular elements are a notable distance away (more than 2 cm)  when
he knee is flexed 90◦ and we stay against the posterior aspect of the
emur. The knee is then extended to determine if this release was
ffective. If it was  not, a 4-cm long, lateral retroligamentous inci-
ion over the head of the fibula and in front of the biceps femoris
endon will be performed. After performing a retrocondylar arthro-
omy, the capsule will be opened down to the femur. The lateral
osterior capsule is then completely detached from the posterior
spect of the femoral metaphysis. At this point, gradual mobiliza-
ion can be carried out to further increase the range of motion. The
poneurosis of the gastrocnemius muscles, and even the tendon
nsertions on the femur, can be divided at this stage as needed.
he incisions are closed over an intra-articular drain left in place
or at least 2 days (depending on the amount of bleeding) and then
ehabilitation initiated immediately.

.8. Arthroscopic posterior arthrolysis
This procedure is technically more challenging and requires
ood mastery of posterior arthroscopic approaches [30,31] (Fig. 14).
he patient is placed with the knee flexed 90◦ and the foot resting
Fig. 13. Open posterior lateral and medial release.

against a pad. Anterior release is performed systematically first
using standard anterior arthroscopy portals. Any impingement in
the notch must be ruled out with the knee extended.
Fig. 14. Arthroscopic release of the posterior joint capsule through the posterome-
dial portal.
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trol of postoperative pain and rehabilitation (early, daily, extensive
ig. 15. Decision tree used by the Versailles (France) Orthopedic and Trauma Su
ntra-articular malunion.

he scope’s trans-illumination feature. The scope is then pointed
pwards. The posterior capsule and adhesions are cut level with
he femur surface using a motorized shaver or electrocautery probe
ntil the fibres of the medial gastrocnemius muscle are visible.

As with an open procedure, the knee is extended to deter-
ine if this release was effective. If it was not, a posterolateral

pproach is made using back-and-forth movements from the pos-
eromedial portal, through the intercondylar septum above the PCL,
gainst the condyles with the knee flexed 90◦. This technique was
rst described by Beaufils in 2003 [30] and is benign if performed
orrectly. The septum is excised to allow easier access to the pos-
erolateral compartment. The capsule and lateral portion of the
osterior joint capsule are sectioned down to the femur using the
ethods described previously. The gastrocnemius muscles can also

e released at this point through arthroscopy. This is more of an
pening of the deep surface of their aponeurosis. Gentle mobiliza-
ion is the last step of the procedure. The incisions are closed over

 suction drain placed inside the joint.

. Postoperative recovery

.1. Main principles

These include:

limit the risk of postoperative haematoma by keeping the surgical
drain in place long enough (at least 2 days), using a lightly com-
pressive bandage early on and cold therapy multiple times every
day. The risk of bleeding is high and the scar tissue induced by
haematoma resorption increases the risk that stiffness will recur;
start the rehabilitation with intermittent mobilization (when the
patient arrives in the recovery room) and transfer the patient to
a rehabilitation center on the 3rd postoperative day;
combat pain effectively (catheter, morphine pump, analgesics,
anti-inflammatory drugs, etc.) during, before and after the reha-
bilitation sessions.
All of these measures aim to stem the decrease in the range of
otion that was obtained during the mobilization procedure. They

re as important as the surgical procedure itself. Medical (surgeon,
 Department for cases of post-traumatic knee stiffness without osteoarthritis or

anesthesiologist, physiatrist) and paramedical (physiotherapist,
nurses) teams must pay particular attention to these patients
and provide coordinated care. The surgeon must re-evaluate the
patient’s joint range of motion on a regular basis (every 15 days) to
guide the rehabilitation protocol. This protocol must be aggressive
enough to maintain the initial result.

4.2. After extension release

Rehabilitation is undertaken right away, with intermittent
mobilization using a knee continuous passive motion (CPM) unit,
extension postures (several hours per day, as tolerated), repeated
static quadriceps contractions and wear of an extension brace at
night.

4.3. After flexion release

Rehabilitation is undertaken right away with a CPM unit for
3–6 h per day with the flexion range set to the value obtained
using the limb’s weight under anaesthesia. Manual passive flex-
ion maneuvers and isometric toning work for the quadriceps and
hamstring muscles are also carried out.

5. Conclusions

Post-traumatic knee stiffness is a common condition. It requires
an accurate assessment of the injuries. Any CRPS must be controlled
and fracture sites must have healed. A 3 to 6-month wait seems rea-
sonable before any release surgery is carried out, however the final
decision is made on a case-by-case basis according to the clinical
and imaging findings (Fig. 15).

There is practically no role for isolated manipulation under
anaesthesia. Arthroscopic and open techniques can be used in com-
bination within a well thought-out surgical plan to treat the various
components of the stiffness in a single procedure. Drainage, con-
and monitored) are essential to the success of this procedure. The
final outcome will at best be equal to the one obtained using the
limb’s weight under anaesthesia, thus this value must be carefully
recorded during the surgery.
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