ABSTRACT. Eleven patients exhibiting decreased
Mrength of knee extension following wide resection
i prosthetic reconstruction for malignant bone
limors of the knee performed gait exercises with
tompensatory muscle training. Two patients whose
knee extension strength was assessed as manual
muscle test (MMT) grade 4 were able to develop a
pnit with double knee action and to maneuver stairs,
Mep-by-step, due to compensation by the gluteus
iminximus, biceps femoris, and gastrocnemius muscles,

l'our patients whose knee extension strength was less
r than MMT grade 4, and whose ankle dorsal and
plantar flexion was MMT grade 4 or higher, acquired
the ability to go up and down stairs step-by-step,
ilthough their gait pattern was a knee-extended gait.
Illectromyographie studies demonstrated continuous
discharges of the gluteus maximus, biceps femoris,
ind gastrocnemius muscles during the stance phase
w5 compensation for decreased strength in knee
extension.

INTRODUCTION

lLimb salvage surgery for malignant bone tumors of the
knee tends to be accompanied by a marked decrease in
knce extensor muscle power. In many patients with
osicosarcomas of the distal femur, for example, the
femoral vastus muscles, with the exception of the rectus
femoris, are removed with the tumor in order to obtain a
sile surgical margin (wide resection) (1, 2). The patellar
tendon is sacrificed and cannot be functionally reat-
tuched to the prosthesis after wide resection in nearly all
putients with a proximal tibial malignancy, although the
(uadriceps muscles are preserved. In both cases, without
any expectation of significant improvement in knee
cxlension torque, patients will walk with the knee in an
extended position during the stance phase.
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Patients are taught to maneuver stairs step-by-step,
since maximum function of the knee extensor muscles is
required for weight support during contact of. the ‘foot
with the ground. However, if flexion and extensu‘)n of the
knee can be obtained in the stance phase of a limb that
has been subjected to limb-saving surgery, the patient’s
gait will be closer 10 normal. The other muscles of the
lower extremity compensate for quadriceps function, so
physical therapy treatment should be designed ' to
strengthen and achieve compensatory muscle- function
in patients with functional loss of the quadriceps, the

prime mover of the knee extensor muscles (4, 6). In this

paper, exercise procedures for achieving compensati(?n
for loss of knee extension strength with other muscles in
the lower extremity and their effects on patient? who
have undergone limb-saving operations for malignant

bone tumors of the knee are discussed.

MATERIALS AND METHODS

Patients

(7 males, 4 females, age range 8—20fyca;s,
avers s) undergoing limb-saving surgery for the
zz:muf:ntlgl%s{::;rcoma in the distal fer|_1ur and prox imal tibia
participated in this study. All the patients exhibited knei
extension strength on mal_mal muscle tzslmg (MMT) of gradet 3
or less. or marked extension lag gf 30° or more for those w_uh
MMT gradc 4. The effect of exercise was measured by assess-mg
gait capacity, lower extremity muscle strength, and surfdcg
electromyography. Gait was evaluated at a selfnsej]ectec‘i spee:

on a 6-m walkway. TWO forc_c platforms un_d two v:_deo La]‘[‘ICI’E‘IS
were used to record the gail pattern. _Gmt capacity was al?u
estimated when going up and down stairs. Musc]e strength was
estimated with the manu_al mL!s:c[e test. Gait annl}:sm and the:
muscle manual test were mvesugated_by three examiners. Three
muscular activities, the gluteus maximus, the hamstrings, and
gastrocnemius muscles, were recordcd_ by a surface electro-
myograph. Miniature silver-silver chloride eh_aclr?des,. measur-
ing 8 mm in diameter. were attacl'led to the patient’s sk.m. in ]Hze
with the muscle fibers. By bipolar recording using t_he.se
electrodes, rectified filtered c]cctromyc_:grams were Obm“@i
A common ground electrode was positioned over the externa
ear. The stability of the myograms was also checked.

Eleven patients
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Fig. 1. Nlustration of operative procedure in the distal femur.
The rectus femoris muscle was preserved, but the medial and
lateral vastus muscles were resected with the tumor. The ori-
gin of the gastrocnemius muscle was reattached to the adja-
cent tissues.

Fig. 2. Nlustration of operative procedure in the proximal ti-
bia. The insertion of the patellar ligament into the tibia was
resected with the tumor and reconstructed by medial

gastrocnemius  muscle rotated anteriorly. The hamstrings were
resutured to the adjacent tissues.

Operative procedures

General operative procedures are described briefly, although
they differed slightly in each case. In nearly all patients with
malignant bone tumors in the distal femur, the rectus femoris

Fig. 4. Exercise procedures for compensatory muscle training.
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Fig. 3. Compensation for knee extension as a result of a dg|
ciency in the strength of the quadriceps muscle.

muscle was preserved with resection of the other extengy
muscles of the knee with tumor. The hamstrings were usugll
preserved. and the gastrocnemius muscle was sutured to (I
adjacent soft tissues after cutting at the level of origin (Fig. 1),
resecting tumors of the proximal tibia, the anterior tibial g
soleus muscles were resected partially with the tumor, and
insertions of the hamstrings and patellar tendon were cut.
resected patellar tendon was reattached to the medial ga
cnemius muscle which was rotated anteriorly (o cover I
prosthesis, and the hamstrings were reattached to the adjacery
soft tissue (Fig. 2). Osteoarticular defects were replaced using |
tumor prosthesis with a hinge or rotating hinge mechanism,

Exercise

The theoretical background for the exercise came fi
observing patients with idiopathic quadriceps paralysis wh
exhibited no giving way in the stance phase of gait despils
complete lack of strength in the quadriceps muscles. Thes
patients could go up and down stairs slowly with the support g
the affected limb without an abnormal gait pattern. Howevel,




Jly. 5 Gait exercise in parallel bar.

Wy could not extend the knee at all in the sitting position, and
ke cxiension on swing phase was achieved by performing a
fenidulum movement of the lower extreniity, as is the case for
wfificial limb gait. The findings in these cases suggest that
Wiincles other than the quadriceps play a significant role in
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extension of the knee joint during contact of the affected foot
with the ground, even in the case of patients having undergone
limb-saving operations for bone tumors of the knee. The knee
extensor muscles in closed kinetic chain during foot contact
with the ground include the gluteus maximus, hamstring,

Py 0. Ascending and descending stairs, step by step. after compensatory muscle training in a 20-year-old male with a wide re-

weetion of the tumor in the distal femur (case 5).
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gastrocnemius, and soleus muscles in addition to the quadriceps
muscle (5, 6). When the foot is firmly planted on the ground, the
gluteal, gastrocnemius, and soleus muscles pull the femur and
tibia backward, and, as a consequence, the knee joint is
exlended. It thus seems possible that to extend the knee patients
could learn the timing of muscle contraction and centroid
metakinesis (Fig. 3).

Based upon the exercise theory, the gluteus maximus,
hamstring, gastrocnemius, and soleus muscles were reinforced
in patients with limb-saving operations of the knee. Patients
learned the timing of muscle contractions as well as a method
for transferring the center of gravity of locomotion. During non-
full weight bearing in the early stage, post-surgery, the gluteus
maximus and hamstring muscles were reinforced by resistance
to extension of the hip with the knee fixed in an extended
position (Fig. 4). Many patients were able to walk with ease with
the fixed extension position of the knee in the stance phase upon
full weight bearing. Patients learned to contract the muscles that
compensate for loss of knee extension and learned how to
transfer the center of gravity through the exercise program.
After stability was obtained in the knee-extended gait, the
exercise for knee extension by simultaneous contraction of the
gluteus maximus and gastrosoleus muscles was begun in the
supine position and then progressed to standing with the
affected limb alone. As a result of these exercises, the patients
were able to maneuver stairs, step-by-step, and could walk with
a double knee action. After learning the appropriate knee action
with weight bearing, the height of the stairs could be increased
(6). Once the patient mastered knee control in weight bearing,
he could learn the double knee action in the stance phase (Figs.
S, 6).

RESULTS

The results of this study are summarized in Table I. All
of the patients were able to walk without any supportive
aids. Two patients who maintained a knee extension
strength of MMT grade 4 had double knee action, a
normal phenomenon in which the knee joint moves
consecutively in extension—flexion—extension during the
stance phase. These patients were able to ascend and
descend stairs using a reciprocal step-by-step pattern. In
the other 9 patients, whose knee extension strength was
less than MMT grade 4, the knee was fixed in the fully
extended position and no knee flexion was observed
during the entire period of the stance phase. Five of these
9 patients could go up and down stairs using a step-by-
step technique. This finding was related to muscle
strength around the ankle, i.e. those patients whose ankle
extension and flexion strength evaluation was higher
than MMT grade 4 could achieve a step-by-step pattern,
while those with strength lower than MMT grade 3 could
not.

On surface electromyography, a continuous discharge
pattern of the gluteus maximus, the hamstrings, and
gastrocnemius muscles was observed during the total
period of the stance phase in earlier gait training. The
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Table 1. Results after gait exercises of patients with decreased strength of knee extension

Stairs

Gait profile of the knee

(stance phase)

Ankle

Knee

Hip

Going down

Going up

Dorsi flexion Plantar flexion

Flexion

Extension

Flexion

Site of tumor  Extension

Age/Sex

Case

Step-by-step  Step-by-step

Step-by-step  Step-by-step
Step-by-step ~ Step-by-step
Step-by-step  Step-by-step
Step-by-step  Step-by-step

With double knee action

Fixed extension
Fixed extension
Fixed extension
Fixed extension

Step-to-step  Step-to-step
Step-to-step  Step-to-step
Step-by-step  Step-by-step
Step-to-step ~ Step-by-step

Fixed extension With AFO
Fixed extension With AFO

Fixed extension
Fixed extension

Step-to-step  Step-to-step
Step-by-step  Step-by-step

Fixed extension With AFQ

With double knee action

+
Tttt tOoOOODNOO T

1+
1+

4
4—
4
4

Distal femur
Distal femur
Distal femur
Distal femur

8/F
14/F
20/F
15/M

= el <

4
3+
4

Distal femur
Proximal tibia

17/M
14/F

4+
8
3+
5

Proximal tibia
Proximal tibia
Proximal tibia
Proximal tibia
Proximal tibia

15/M
16/M
16/M

19/M
15/M

Step-to-step: Stepping up with the sound leg or down with the affected leg, and placing the other leg next to it.

Step-by-step: stepping up or down with one leg, and placing the other leg next through it.

AFQ:; Shoe-hom-type Ankle Foot Orthosis.




lkeharge pattern subsequently changed with time, and
Al discharge of the gluteus maximus and hamstring
Wiiscles became limited during the early period of the
Wunce phase. However, the discharge of the gastro-
ieinius muscle was not observed during the early period
Wl (he stance phase, and was detected during and after the
Widdle period of the stance phase. These findings
\lggest that the gluteus maximus and hamstring muscles
impensate for knee extension in the early period of the
slince phase and that continuous contraction of the calf
Wiiscles prevents any giving way during the middle
tlol of the stance phase.

DISCUSSION

[lils study demonstrated that patients whose knee
{onsion strength was MMT grade 3 retained a basic

[iibited strenuous propelling force on each side,

e than grade 4. Generally speaking, a slight decrease
fhe sirength of knee extension causes difficulty in

ialension due to limb-saving operations for malignant
Wimors of the knee rapidly develop knee flexion while
weending stairs. They therefore descend stairs in a
Mep-to-step fashion..

Currently, it is difficult sufficiently to restore the knee
\ensor mechanism surgically, and therefore compen-
lory muscle training is becoming increasingly im-
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portant. A gait with double knee action, in which vertical
and forward components of a floor reaction force are
diminished, may prevent loosening and breakage of
prostheses, since the impact on the prosthesis is
decreased. The provision of compensatory muscle
training for these patients, most of whom are young,
appears to be highly beneficial. These results demon-
strate the significance of postoperative rehabilitation
exercise in patients with limb salvage surgery.
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