
The objective of this study was to determine if surgi-
cal lengthening of the hamstrings and gastrocnemius/
Achilles complex affects muscle tone in patients with
cerebral palsy. The question was if the dynamic
component  of muscle length changes after orthopedic
surgery. A retrospective study was performed on
ambulatory children with cerebral palsy who under-
went either hamstring lengthening or gastrocnemius/
Achilles tendon lengthening.
A total of 135 consecutive patients with an average
age of 13 years were included in the study. A single
random side was selected for children with bilateral
surgery and the affected limb was analyzed for those
undergoing unilateral surgery. 
The popliteal angle measurement was performed
with a quick and slow stretch, as well as the ankle
dorsiflexion, and measurements were made using a
goniometer. 
The difference (�ml) between initial grab with fast
stretch and end of range (EOR) with slow stretch was
used as a measure of spasticity. The Bohannon modi-
fication of the Ashworth score was also assessed.
Postoperatively, 18° popliteal angle improvement in
end-of-range and 32° improvement in quick stretch in
the hamstrings group were noted, with change in slow
stretch, quick stretch and �ml (comparison between
quick and slow stretch) being significant at p < .0001.
In the triceps surae group, 14° ankle dorsiflexion
improvement in end-of-range, and 18° improvement
in quick stretch were noted postoperatively, with
change in slow stretch, quick stretch and �ml at
p < .0001, p < .0001, and p < .0180 respectively.
Ashworth scale was reduced by at least one grade in
89% of subjects in the hamstring group and 78% of

subjects in the triceps surae group of the children
with preoperative Ashworth 3 and above.

Keywords : spasticity ; cerebral palsy ; tendon lengthen-
ing.

INTRODUCTION

Patients with cerebral palsy present specific
 features like the loss of selective muscle control,
dependence on primary reflex patterns for ambula-
tion, abnormal muscle tone, and relative imbalance
between the agonists and antagonists across joints,
which with growth leads to muscle contracture and
bony deformity, as well as to deficient equilibrium
reactions. As spasticity is defined as an increased
velocity-dependent resistance to joint motion, its
degree increases with the amplitude and the veloci-
ty of stretch.
The spastic muscle tends to hold the joint about

which it functions in an abnormal position, its
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excursion is reduced and consequently the muscle
does not grow as rapidly as its adjacent bone, thus
becoming contracted.
The effect of spasticity on the growth and devel-

opment of skeletal muscle results in a muscle that
has fewer fibers, shorter fiber length, and a longer
tendon. This aberration results in a muscle that
is weaker with a diminished excursion because of
a decreased cross-section area, resulting in a
decreased joint range of motion (8).
Opposing muscles should be in harmony to grow

relative to the growth of the bones. When disharmo-
ny is present, the weaker antagonist group cannot
stretch the stronger agonist group, resulting in a rel-
ative shortening of the agonist group, in relation to
the growing bone (7). In spasticity, the antagonists
have to exert greater force to stretch the muscles
functioning with reduced reflex inhibition.
For normal function of a muscle group, the

opposing muscles must be sufficiently long and free
from spasticity. Lengthening is performed to cor-
rect the deformity (contracture), or to weaken the
muscle if there is a functional deficit, even in the
absence of a contracture. The goal is to harmonize
the function of the joint by achieving a more normal
range of motion and by decreasing the muscle
strength, and so the spasticity to be reduced. 
Our hypothesis was that when there is contrac-

ture due to persistent spasticity, the musculotendi-
nous unit becomes shortened and there is excessive
tension on the muscle.
When the tendon is lengthened, the muscle belly

recoils because of the elastic properties of the mus-
culotendinous unit, it relaxes and assumes a shorter
resting length. The muscle is then under less tension
and the spasticity is reduced. As the contracture is
being reduced, the joint range of motion increases. 
The question is if the dynamic component of mus-
cle length changes after lengthening surgery.

MATERIALS AND METHODS

An institutional review board number was applied for
and received. A retrospective study was performed on a
consecutive sample of 135 ambulatory children with
cerebral palsy. The first group (103 patients) underwent
hamstrings lengthening and the second group (32
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patients) underwent gastrocnemius/Achilles tendon
lengthening with preoperative and one year postopera-
tive measurement of passive range of motion (ROM) and
muscle spasticity. The age of the patients ranged from 3
to 20 years with a mean age of 13 ± 4 years.
All data were obtained at the time of routine pre and

postoperative evaluation in the Motion Analysis
Laboratory. The consecutive cases were selected with the
exclusion criteria of having previous hamstring or triceps
surae lengthening surgery and selective dorsal rhizotomy.
The children had the following diagnoses : spastic

diplegia (n = 90), spastic hemiplegia (n = 27), spastic
quadriplegia (n = 14), spastic triplegia (n = 3), and
 spastic monoplegia (n = 1).
Subjects in the hamstring group underwent lengthen-

ing of medial and lateral hamstrings, including lengthen-
ing above the musculotendinous junction, intramuscular
or fractional lengthening of semimembranosus, semi-
tendinosus, biceps femoris, and release of the gracilis.
Subjects in the gastrocnemius/Achilles group underwent
Achilles tendon lengthening or Vulpius (transverse divi-
sion of the aponeurotic tendon of the gastrocnemius and
soleus just below the middle of the leg, leaving the
underlying muscle fibers intact).
A single random side was selected for children with

bilateral surgery and the affected limb was analyzed for
those undergoing unilateral surgery. The popliteal angle
test was performed with a quick and slow stretch and
measured with a goniometer. Positive values showed the
angle in degrees between the measured angle and full
knee extension with the hip at 90°. At the ankle, testing
was done with the patient supine with the hip and knee in
full extension as the foot was dorsiflexed. For analysis,
comparison between quick and slow stretch was labeled
�ml as a measure of dynamic muscle length which may
indicate the level of spasticity. For data analysis, paired t-
tests were performed with significance level set at p =
0.05. The Bohannon modification of the Ashworth score
was also assessed as follows : 1. normal : no increase in
tone, 2. mild : slight increase, catch in limb movement, 3.
moderate : marked increase through most of the ROM, 4.
severe : considerable increase, passive movement diffi-
cult (3). The evaluating authors were the same in all cases
and they were familiar with the preoperative and post -
operative status of the patients. 

RESULTS

In the hamstrings group, an improvement of 18°
popliteal angle in the end of range and 32° in the
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quick stretch were noted postoperatively, with
change in slow stretch, quick stretch and �ml (com-
parison between quick and slow stretch) being sig-
nificant at p < .0001 (table I, fig 1).
In the triceps surae group, 14° ankle dorsiflexion

improvement in the end of range, and 18° improve-
ment in the quick stretch were noted postoperative-
ly, with change in slow stretch, quick stretch and
�ml at p < .0001, p < .0001, and p < .0180 respec-
tively (table II, fig 2).
There was also a difference of �ml at p < .0846

in Achilles tendon lengthenings and p < .1208 in
intramuscular lengthenings (table IV). 
The Ashworth scale was reduced by at least one

grade in 89% of subjects in the hamstring group and
78% of subjects in the triceps surae group of the
children with preoperative Ashworth 3 and above
(table III, fig 3-4).

DISCUSSION

The muscle strength is the maximal force that
can be produced in a single isometric contraction of
unrestricted duration. This is related to the number
of contractile units in parallel and therefore to both
the number of sarcomeres in parallel and the cross-
section areas of those sarcomeres. Architecture of
the fibers also influences the muscle strength. A
bipennate muscle with short fibers, that passes
obliquely to the anatomic axis of the muscle, is
much stronger than the unipennate, which although
it is of the same size, has a smaller number of fibers,
but has a greater excursion, and consequently main-
tains its strength over a greater range of length (10).
The muscle’s fiber length determines the muscle
excursion length and therefore the active range of
motion of the joint.
Muscles unlike bones do not have an obvious

anatomic or histologic growth physis, although some
consider the musculotendinous junction as the area
of growth, calling it the “muscle growth plate” (25). 
In spasticity the antagonists have to exert a

greater force to stretch those muscles functioning
with reduced reflex inhibition. The aim of surgical-
ly lengthening tendons and /or muscles is to harmo-
nize function by achieving approximately normal
joint excursion and by decreasing muscular strength
so that spasticity is also reduced, and the antagonist
functions better when the spastic agonist is weak-
ened (18,19). In the contrary, the antagonists often
exert a stronger force after lengthening of a spastic
agonist in such a way that changes in activity of
these muscles are noticed (14,21). 
In spastic equinus deformity the antagonist func-

tions more strongly after lengthening and weakening
of the agonist (17). An increased spasticity however

Table I. — Popliteal angle improvement in end-of-range (EOR) and in quick stretch postoperatively.
Improvement of the �ml (comparison between quick and slow stretch) postoperatively

Preop mean
(SD)

Postop mean
(SD)

Difference mean
(SD)

p

Popliteal angle grab 86° (13°) 54° (18°) -32° (17°) < .0001

Popliteal angle EOR (end of range) 52° (14°) 34° (14°) -18° (16°) < .0001

Delta ML (comparison between quick and
slow stretch)

34° (14°) 21° (12°) 13° (17°) < .0001

Fig. 1. — Popliteal angle results. All changes were significant
at p < .0001.
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is often observed in the rectus after lengthening of
the hamstrings. Reimers (18,19) stated that after
lengthening of the triceps surae, an immediate
improvement was noted in the strength of the anta -
gonists while considerably reduced strength of the
quadriceps was noted after lengthening of the ham-
strings. 
It has also been reported that the strength of the

quadriceps may increase significantly within a year
and, since spasticity increases simultaneously, trou-
blesome spasticity of the rectus may result (18,19). 
The immediate biomechanical response to surgi-

cal lengthening of a musculotendinous unit is a
decrease in the effective muscle force, a factor that
could be problematic in children who already are
weak. However the issue of whether surgical tendon
lengthening produces a permanent loss of strength
in vivo has not been resolved theoretically.
When a tendon is lengthened, the muscle belly

immediately recoils because of the elastic proper-
ties of the musculotendinous unit. The sarcomeres

are placed “on slack”, and as an adaptive response
to restore optimal position of filament overlap, the
number of sarcomeres in series is reduced. Loss of
sarcomeres in series affects velocity of shortening
rather than strength per se, which is more depend-
ent on the number of sarcomeres in parallel (9). 
Delp and Zajac (4) developed a computer model

of the human lower extremity, to study how tendon
lengthening surgery affects the force and moment
generating capacity of the muscles. The results
showed that the decrease in muscle force and joint
moments for a given increase in tendon length is
different for each muscle. 
Wide variation of sensitivity was noted after

muscle-tendon complex lengthening depending on
parameters such as muscle fiber length, tendon
length and pennation angle. A muscle with short
fibers, short tendon and small pennation angle is
more sensitive to changes than that with long fibers,
long tendon and big pennation angle. 
In general, the forces developed by the muscles

that cross the ankle are more sensitive to changes in
tendon length than those generated by the muscles
that cross the hip. The combination of lengthening
a spastic muscle while strengthening its antagonist
expedites or maximizes surgical outcomes.
It is also referred that although tendon lengthen-

ings sometimes improve posture and walking

Table II. — Improvement in end-of-range and in quick stretch of ankle dorsiflexion postoperatively.
Improvement of the �ml (comparison between quick and slow stretch) postoperatively

Preop mean
(SD)

Postop mean
(SD)

Difference
mean (SD)

p value

Dorsiflexion grab -23° (11°) -5° (8°) 18° (13°) < .0001

Dorsiflexion EOR (end of range) -8° (12°) 6° (6°) 14° (13°) < .0001

Spasticity 15° (7°) 11° (7°) 4° (9°) < .0180

Fig. 2. — Ankle dorsiflexion results. All changes were signifi-
cant at p < .0001 and p < .0180.

Table III. — Ashworth scale was reduced by at least one
grade in 89% of subjects in the hamstring group and 78% of
subjects in the triceps surae group of the children with preop

Ashworth 3 and above

1 
normal

2
mild

3
moderate

4
severe

PREOP 4 29 49 6

POSTOP 20 60 9 0
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 ability, they often compromise the capacity of the
muscles to generate force and moments about the
joints. When a tendon is lengthened, the muscle
fibers may be too long or too short to develop active
force and patients who cannot generate adequate
muscle forces and joint moments may be left with
weak or dysfunctional extremities. The forces and
moments developed by the soleus and gastrocne-
mius change significantly with small changes in
tendon length. This suggests that the Achilles ten-
don should be lengthened conservatively to avoid
plantarflexion weakness. The observation that
lengthening of the Achilles tendon may weaken the
soleus more than the gastrocnemius supports those

who recommend isolated gastrocnemius lengthen-
ing as a means to control plantarflexion weakness
in cerebral palsy patients (13,15).
In contrast to the soleus, the force and moment

developed by the iliopsoas are relatively insensitive
to changes in tendon length and indicate that it can
be lengthened more aggressively without so much
decrease in force.
Even if we knew precisely how tendon lengthen-

ings affect the musculoskeletal system, the func-
tional result of these surgeries would still be un -
predictable because of abnormal muscle activation
patterns that are often associated with central
 nervous system pathology (12,15).

Table IV. — Difference of �ml (comparison between quick and slow stretch) in Achilles tendon lengthenings (TAL)
and intramuscular lengthening

Dorsiflexion – TAL

Preop mean
(SD)

Postop mean 
(SD)

Difference mean
(SD)

P

Dorsiflexion grab -24° (13°) -2° (7°) 22° (13°) < .0001

Dorsiflexion EOR (end of range) -11° (14°) 7° (7°) 19° (16°) <. 0002

Spasticity 13° (7°) 9° (7°) 4° (9°) < .0846

Dorsiflexion – Vulpius

Dorsiflexion grab -22° (9°) -9° (7°) 14° (12°) < .0009

Dorsiflexion EOR (end of range) -4° (6°) 5° (6°) 9° (8°) < .0011

Spasticity 19° (7°) 13° (7°) 5° (10°) < .1208

Fig. 3.— Ashworth scale results for hamstrings. The scale was
reduced by at least one grade in 89% of subjects with pre-op
scale 3 and above.

Fig. 4. — Ashworth scale results for triceps. The scale was
reduced by at least one grade in 78% of subjects with pre-op
scale 3 and above.



In general, potential risks associated with
 muscle-tendon surgery include the reduction of
muscle-force generation and the development of
deformities, such as calcaneal gait, crouch gait or
stiff knee gait, due to overlengthening of the
 muscle-tendon unit or overactivity of the antagonis-
tic muscles (2,10,16,20-23).
Although spasticity is difficult to be defined clin-

ically, we can define it, as the difference between
initial grab with fast stretch, and end of range
(EOR) with slow stretch (24). According to this, we
consider the reduction of quick stretch value to be a
better indicator of the functional improvement than
end of range, as spasticity is velocity dependent. 
Reduced joint motion as a consequence of the

spasticity is the most noticeable impairment. We
observed significant decreases in spasticity follow-
ing tendon lengthening in children with cerebral
palsy with both static and dynamic components of
muscle tightness being affected. Joint alignment
and passive range of motion were dramatically
improved after muscle-tendon surgery. Our future
goal is to evaluate these patients with gait analysis
to extract more thorough results about their func-
tional outcome. The answer to the question, if cere-
bral palsy patients improve their walking ability and
how permanent their functional outcome is after
muscle-tendon surgery is controversial. Abel et
al (1) concluded that improvements in walking abil-
ity and stride length were observed at 6 months
after surgery and were maintained at two years after
surgery, but the overall score of the GMFM (Gross
Motor Function Measurement) level showed mini-
mal change.
In the contrary, other studies showed that

although joint position or joint motion were
improved, walking velocity and stance time became
more abnormal (5,6,11).
It is rather clear that the reduction of spasticity,

as well as, the responsiveness of the patients to the
surgical intervention are strongly related to the pre-
operative passive and active range of motion of the
joints, the structure of the muscle (length of muscle
fiber, length of tendon, pennation angle), the pre -
operative level of spasticity, the baseline of GMFCS
(Gross Motor Function Classification System) level
and the age of the patient. 
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Methodology and research limitations

This study aimed to document the effect of
 tendon lengthening surgery on muscle tone in chil-
dren with cerebral palsy. The results should be
interpreted with caution for the following reasons.
The cohort of the study was chosen on the basis

of the described criteria. A limitation of the study is
that the sample of participants has not been evaluat-
ed for their functional outcome after muscle-tendon
surgery.
The study was based on clinical data concerning

the dramatic improvement in passive range of
motion and joint alignment following muscle-
tendon surgery, as well as the significant decrease in
spasticity with both the static and dynamic compo-
nents of muscle tightness being affected. 
An additional limitation was that the modified

Ashworth score does not show a good intra-and
inter-rater reliability. It is also worth mentioning
that the design used was retrospective and that the
data discussed were collected from the available
clinical documentation ; this entails that the poten-
tial influence of other unmeasured variables must
also be acknowledged. 
It could also be argued that the validity and

 reliability of our results may have been affected by
the assessors used being closely involved with the
design of the study and measurement of outcomes,
thus allowing for a possible experimenter bias.
However, the patients were seen by two independent
orthopaedic surgeons, and the range of objective
and subjective outcome data used led us to  conclude
that there was sufficient triangulation for the results
to be seen as reliable.

CONCLUSION

Significant decrease in spasticity was observed
following tendon lengthening in children with
 cerebral palsy ; the orthopaedic surgery was found
to affect both static and dynamic components of
muscle tightness in these children.
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