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SUMMARY
Background. Early development of contractures and progressive scoliosis with pelvic obliquity are the

most significant orthopaedic problems for children with the intermediate form of spinal muscular atrophy, SMA

type II. This study deals with the restrictions of the passive range of motion and the development of contrac-

tures of the lower extremities in these patients. 

Material and methods. We followed up 143 patients, 74 female and 69 male, with SMA type II for an aver-

age of 5.3 years (±4.0, 0.2 – 18.7). Their average age at the first examination was 8.4 years (±6.6, 0.1 – 34.1)

and at the last examination 12.3 years (±6.5, 0.7 – 37.1). The passive range of joint motion was determined

using a goniometer. According to Johnson et al. (1992), we calculated the relative contracture index (CI). 

Results. The loss of range of motion (ROM) and the contractures of the joints of the lower extremities (hip,

knee and ankle) develop early and increase progressively with age. Marked restriction of motion with severe

flexion contractures in some cases was observed in the knee followed by the hip and ankle joint.

Conclusion. The findings of this study give us more information about the development of contractures and

deformities of the joints of the lower extremities and aim to help to improve the quality of orthopaedic care of

patients with SMA type II. 

OOrr ttooppeedd iiaa Traumatologia Rehabilitacja
© MEDSPORTPRESS, 2011; 1(6); Vol. 13, 27-36



BACKGROUnD
The purpose of this study is to determine the

deve lopment and course of contractures of the lower

extremities in patients with the intermediate form of

spinal muscular atrophy (SMA type II), following 

a survey of 143 patients.

SMA type II is a hereditary autosomal recessive

neuromuscular disorder with muscular hypotonia, hy -

 po reflexia and diffuse general weakness, most pro -

minent in the lower extremities and proximal mus-

cles. The distal muscles and upper extremities are

also affected.  Children with SMA type II are able to

sit on their own but will never achieve the ability to

stand or walk independently. Occasionally, they

learn to stand with the support of assistive devices.

The onset of SMA II usually occurs before 18 months

of age [1-3].

Mostly, the clinical course is marked by stable pe -

riods of varying lengths without manifest progres-

sion of the symptoms [1,4]. In their study of 240

patients with SMA type II, Zerres et al. [1] indicate 

a survival rate of 98.5% for 5 years, 82.8% for 15

years and 68.5% for 25 years.

The fundamental orthopaedic problems for pa -

tients with SMA type II are contractures in the lower

and upper extremities and sitting instability caused

by progressive scoliosis with increasing pelvic obli -

quity [1-3]. 

Restrictions of movement and contractures ap -

pear mostly first in the lower extremities, in fewer

cases they appear simultaneously in both the upper

and lower extremities and in only a few patients do

they appear only in the upper extremities [4-8].

To date there is no causal therapy for SMA. The

course of the disease and, above all, the patient’s

quality of life can be greatly improved by established

medical procedures. Orthopaedic treatment includes

conservative methods, such as physiotherapy, orthos -

es and assistive devices, as well as surgery to stabi-

lize the spine and treatment for contractures and

deformities in the lower extremities [2-4]. Surgery of

the upper extremities is indicated very rarely. Daily

activities involving the upper extremities are made

easier by the development of compensatory and adap-

tive techniques, which often occur spontaneously or

are facilitated by simple assistive devices [3].

Surgical treatment of the contractures and defor-

mities of the lower extremities is indicated to im prove

the sitting position and ability to stand with orthoses

and assistive devices, to enable the fitting of shoes, to

relieve pain and to enable easier care [2-4].

However, when an operation is indicated, it has to

be taken into account that the strong fibrotic tendency

of muscles and the biomechanically awkward sitting

position in a wheelchair limit the effectiveness of such

surgery, particularly of the hip and knee joints.

Among the surgical procedures which can be car-

ried out as required in a number of combinations are

the following: tenotomy or, if need be, lengthening

of the sartorius, tensor fasciae latae, rectus femoris,

iliopsoas, the adductors and knee flexors, and achillo -

 tenotomy. Obvious muscular imbalance and deformi-

ties of the feet could be treated by tenotomy or trans-

position of the tibialis posterior, flexor digitorum

longus, or flexor hallucis longus muscle or the per-

oneal tendons and the peronaeus tertius muscle. In

some cases it is necessary to carry out capsulotomy

of the ankle joint in order to achieve the desired cor-

rection [3,4].

Immobilization after operative treatment of con-

tractures or deformities of the lower extremities should

be as short as possible. Longer immobilization leads

to rapid deterioration of motor ability [3].

The indications and timing of surgery of the

lower extremities in SMA II vary from individual to

individual. Competent planning of both conservative

and operative management of contractures and de -

for mities of the lower extremities in SMA II patients

requires exact knowledge and experience of the

development and course of such contractures in these

patients. 

MATERIAL AnD METHODS
This study is a retrospectively-collected data set

of 143 patients with SMA type II (74 females and 69

males). These patients were examined during the re -

gular nationwide consultations for patients with neu-

romuscular disorders. All patients with confirmed

diagnosis of SMA with type II of SMA (patients are

unable to walk but they are or were able to sit unsup-

ported) were identified for our study. This represents

the entire population of our patients. The diagnosis

of SMA was confirmed by human genetics in 117

patients (82%) and by electrophysiology and muscle

biopsy in 26 patients (18%). 

This study includes more than one evaluation of

some of the patients. Thirty-seven patients were exa -

mined once and 106 were examined a number of

times, on average 6 times (±5, 2-25 times), at inter-

vals of at least 6 months. Their average age at the

first examination was 8.4 years (±6.6, 0.1-34.1 years)

and at the last examination 12.3 years (±6.5, 0.7-

37.1 years). The mean time of follow-up of those

patients who were examined a number of times was

5.3 years (±4.0, 0.2-18.7 years).
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The data are presented in a cross-sectional man-

ner. The patients are divided into age groups: 0-2, 

3-5, 6-10, 11-15, 16-20, 21-30 and over 30 years of

age. Listed in the age range is only one evaluation

from each patient that manifested an abnormality du -

ring that period. If a patient within one of the age

groups had numerous examinations, only the exami-

nation that showed the greatest loss of range of mo -

tion was taken into consideration. It was almost al -

ways the last examination during this period. 

Two experienced examiners used a goniometer to

assess the passive range of motion. Results were doc-

umented with the neutral-null-method and the data

was evaluated with the Microsoft Access data pro -

cessor programme and Excel spreadsheets. 

The neutral-null-method is based on a defined

ana tomically normal position, the neutral or function -

al position, called the neutral-null position (standing

upright, with hanging arms, thumbs forward, feet

close together and parallel, eyes directed forward).

[9] The range of motion for every joint is described

by three numbers: i.e. the range of flexion, neutral-

null position (0° if achieved) and the range of exten-

sion (e.g. FL/EXT of the hip 120°/0°/10°). If the

anatomically normal position (the neutral-null posi-

tion) cannot be achieved, then 0° is either in the first

or in the third position, depending upon the particu-

lar movement restriction present (e.g. maximal flex-

ion of 90° and flexion contracture of 40° of the hip:

FL/EXT 90°/40°/0°). 

The hip was examined for flexion/extension,

external/internal rotation in 90° flexion and abduc-

tion/adduction in 90° flexion. Normal physiological

values were defined as [9]:

• Flexion (FL) / extension (EXT) 130°/0°/10°,

• External rotation (ER) and internal rotation (IR)

in 90° flexion 40°/0°/30°,

• Abduction (ABD) / adduction (ADD) in 90° flex-

ion 70°/0°/30°.

Flexion/extension was tested in the knee. The

normal physiological values are [9]:

• Flexion (FL) / Extension (EXT) 150°/0°/5°.

The ankle was tested for dorsiflexion and plantar

flexion [9]:

• Dorsiflexion (DF) / plantar flexion (PF) 30°/0°/

50°.

A loss of 10° or more from the norm was consid-

ered to be a loss of range of motion. 

Particularly manifest flexion contractures of the

hip, knee and ankle joint (equinus) were evaluated

separately. A loss of range of motion of 5° or more

than the neutral-null position was considered to be a

manifest contracture.

We took 10° of hip extension and 5° of knee ex -

tension as full extension – overextension. 

We calculated a relative contracture index (CI)

according to Johnson et al. [6]. We defined the rela-

tive contracture index as the proportion of patients

with a loss of range of motion (or a manifest flexion

contracture of the hip, knee and ankle joint contrac-

ture (equinus)) expressed as a percentage, multiplied

by the mean maximum loss of range of motion in

degrees and divided by 1,000 [6]: 

(Percentage of subjects with loss of ROM) 

x (Mean maximal loss of ROM in degrees)

1,000

This formula results in a CI of 0 to 15, according

to the number of examinations and the extent of the

loss of range of motion. For example: 100% of pa -

tients with contractures and a mean maximum loss of

range of motion 100°, divided by 1,000 results in 

a CI of 10.0. 

The higher the percentage of patients with loss of

ROM and the cross-sectional assessment of the mean

maximal loss of ROM, the greater is the potential for

contracture development. [6] According to Johnson

et al. [6], the risk of developing a range of motion

limitation or a contracture is high when the CI is

more than 1.0, moderate when it is 0.5 to 0.9 and

mild when it is lower than 0.5.

The CI of the right and left joints of the lower

extremities of each patient was calculated separately

and the results were displayed in diagrams for each

age group. Since on average the results for right and

left were comparable, they have been combined in

the tables showing the loss of range of motion. 

This study complies with the ethical standards for

human research and has been approved by the Ethics

Committee of Friedrich-Alexander-University Erlan -

gen-Nuremberg.

RESULTS

Hip joint

A total of 396 examinations of hip joints (both

right and left) were evaluated. Loss of range of mo -

tion in flexion/extension was observed in 379 cases

(96%) (Table 1). This loss of ROM and the CI in -

creased rapidly up to age 16-20 (Table 1 and Dia -

gram 1). In older age groups, there is insufficient

data for a reliable assessment. Even in 98% of the 

6- to 10-year-olds (19 examinations) the ROM in

FL/EX was restricted on average to 48° (±21°).
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Flexion continued to decrease until the ages of 21 to

30 years and at the same time the flexion contracture

increased up to an average of 45° in the 16- to 20-year-

olds (Table 4 and Diagram 4). The development of flex-

ion contractures showed steady progression, so that

there was already a contracture in 94% of examinations

of those aged 11 to 15 (Table 4 and Diagram 4).

Loss of physiological overextension of the hip joint

was observed in 360 of 396 cases (91%) (Table 5).

On average, there was a mobility restriction of

15° (± 8°) in external or internal rotation (Table 1)

but no manifest rotation contractures were detected.

Altogether, restriction of range of motion of ab -

duction/adduction was observed in 302 cases (76%).

Here, too, there was a continuous increase in the CI

for loss of ROM up to the 21-30 age group (Table 1

and Diagram 1). One patient among the 6- to 10-

year-olds had a manifest abduction contracture of 5°

and one patient in the 16-20 age group had a mani-

fest adduction contracture also of 5°. The mean value

for abduction and adduction shows a continuous

decrease in abduction ability. There were only slight

changes in adduction with age.

Knee joint

We found a loss of ROM in the knee joint in 399

of a total of 408 examinations (98%). The mean loss

of ROM was 66° (± 29°) (Table 2). A mean loss of

ROM of 44° (± 24°) appeared already in 97% of exa -

minations in the 3- to 5-year-old group.

The CI showed a steady increase with values up

to 9.2, which is in keeping with the extreme restric-

tions of mobility (Diagram 2). Manifest flexion con-

tractures of the knee joint were found in 378 exami-

nations (93%) and were on average 37° (± 24°) (Ta -

ble 4). These contractures increased steadily into

adulthood (Table 4).

Flexion of the knee joint initially remained un -

changed and later seemed to show a tendency to

decrease after the ages of 21 to 30. However, only

limited assessment is possible because of the low

numbers of examinations in the 21-30 age group and

those older than 30 years.

There was overextension of the knee joint in 3%

of all the examinations of patients up to the age of 6

to 10 but it had completely disappeared after the age

of 15 (Table 5).

Ankle joint

In 95% of 381 examinations of ankle joints there

was restriction of ROM of 55° (±13°) on average

(Table 3). As early as 3-5 years old, the average

ROM in 91% of the examinations was 53° (± 11°)

and the CI at this age was 4.7 (Diagram 3). Flexion

contractures of the ankle (= equinus) appeared in 120

of 381 examinations (31%), with the mean value at
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Tab. 1. Loss of range of motion (ROM) of hip joint in SMA Type II. Combined data for right and left limbs
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Fig. 1. Loss of range of motion (ROM) – relative contracture index (CI) – hip joint FL/EXT, ER/IR and ABD/ADD in SMA Type II
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Fig. 2. Loss of range of motion (ROM) – relative contracture index (CI) – knee joint FL/EXT in SMA Type II

Fig. 3. Loss of range of motion (ROM) – relative contracture index (CI) – ankle joint DF/PF in SMA Type II

Tab. 3. Loss of range of motion (ROM) of ankle joint DF/PF in SMA Type II. Combined data for right and left limbs

Tab. 2. Loss of range of motion (ROM) of knee joint FL/EXT in SMA Type II. Combined data for right and left limbs (Loss of

normal physiological ROM – with physiological extension – 150°/0°/5°)
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Tab. 5. Loss of overextension of hip and knee joint in SMA Type II. Combined data for right and left limbs

Tab. 4. Manifest flexion contracture of hip, knee and ankle joint in SMA Type II. Combined data for right and left limbs.
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Fig. 4. Manifest flexion contracture of hip, knee and ankle joint – relative contracture index (CI) – in SMA Type II



13° (± 10°) (Table 4 and Diagram 4). The develop-

ment of DF/PF clearly shows the increasing loss of

range of motion, caused mainly by a decrease in

plantar flexion.

DISCUSSIOn
This study shows that patients with SMA type II

who are unable to walk frequently develop pronoun -

c ed flexion contractures of the hip and knee joints as

well as restricted mobility of the ankle joint with tal-

ipes equinus. The greatest limitations of extension

(flexion contractures) appear in the hip. External and

internal rotation appear only slightly restricted over

the course of time. Greater restriction was observed

in abduction/adduction, mainly caused by increased

restriction of abduction with age.

The most pronounced contractures in the lower

extremities appear in the knee joints already at a young

age. Similar to the hip joint, physiological overexten-

sion of the knee had disappeared completely in over

60% of the patients by the age of 2.

Talipes equinus is caused by muscular weakness

of the dorsal extensors. Restricted mobility of dorsal

extension and talipes equinus contractures were also

detected at an early age.

Our observations correlate with earlier studies 

[4 -8,10] but this examination of 143 patients repre-

sents the most extensive collection of data concern-

ing joint contractures of the lower extremities in pa -

tients with SMA type II.

Johnson et al. examined 20 patients with chro nic

SMA at an average age of 37.9 years (1-75) and

found restriction of hip extension (42% patients,

mean 38°), knee extension (58% patients, mean 43°),

and dorsal flexion of the ankle (47% patients, mean

29°). A shortening of the iliotibial band with restrict-

ed hip adduction of 30° was noted in one patient [6]. 

Wang et al. examined 27 patients with SMA type

II from the age of 0.8 to 22.2 years (mean age 9.8±

6.5) [8]. They found the following restrictions: re -

striction of knee extension (89% patients, mean 48°),

ankle dorsiflexion (52% patients, mean 25°), hip

extension (48% patients, mean 40°), hip abduction

(30% patients, mean 17°), hip flexion (15% patients,

mean 18°), ankle plantar flexion (15% patients, mean

26°), hip internal rotation (2 patients, mean 13°),

knee flexion (2 patients, mean 38°) and hip adduc-

tion (1 patient, 20°). Wang et al. also point out the

very early onset of restriction of mobility of the joints

of the lower extremities among infants. 

Since the patient groups and methods in our study

were different than in the previous studies, it is diffi-

cult to make a direct comparison of our CI values

with those of Johnson et al. and Wang et al. but the

highest CI values calculated across all studies

(Johnson et al., Wang et al. and our study) were for

the knee flexion contracture [6,8]. 

Benady collected the clinical findings of 50 chil-

dren with intermediate and mild forms of SMA

(SMA type II and III). There were mostly young chil-

dren in this study, their ages at the last examination

ranging between 13 months and 18 years. Benady

de scribes ankle joint contractures with equinus

deformity in 45% (21 of 47) of the children. Seven

and five children respectively presented with knee

and hip flexion contractures [5]. 

Carter et al. examined joint mobility in 18 pa tients

with SMA type II at a mean age of 17 years (±14).

They found restriction of mobility of at least 20° in

the knee joint of 50% of the patients, in the hip joint

of 38% and in the ankle of 22% of the patients [7].

Evans et al. examined 21 patients with SMA II for

an average of 15 years after their condition was diag-

nosed at the average age of 7 months. They ob served

an increase of hip and knee flexion contractures of up

to 80° at the age of 10. The equinus deformity was

noted in about half their patients [4].

Bono et al. examined 20 children with SMA II

aged between 3.1 and 15.7 years. Among other things,

they investigated the prevalence of lower limb con-

tractures. They observed mild contractures (< 20°) at

the age of 5 in a total of 10 patients. At the age of 10,

70% of the children had mild contractures and 30%

had severe contractures (> 20°) [10].

The patient populations described in other pub-

lished papers are much smaller in number than ours.

Their data were collected and presented quite differ-

ently and are to an extent relatively incomplete in

comparison to our study.

Our study does contain some methodological weak -

nesses.  The combination of longitudinal and cross-

sectional data means that we are limited in our pre-

diction of the actual individual potential for the de -

velopment of contractures. 

This study includes more than one evaluation

from each patient and a few patients can dominate

the take-home line. 

If one patient was evaluated several times during

a particular age period and he manifested the abnor-

mality only at the last evaluation, this could influ-

ence the data as the probability of recording an ab -

normal finding in that patient was higher compared

to the individual who was seen only once at the be -

ginning of the period. The choice for our evaluation

of data from examinations with the greatest loss of

range of motion could lead to subject selection, which

would tend to magnify the effect of error and tend to

bias the result toward greater impairment.
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Because we divided the patients into age groups

and because of the number of examinations, we were

able to make more precise statements about those

aged about 3 to 15 years. Younger and older patients

had been examined fewer times so we could estimate

only roughly how the contractures would develop. 

Despite these methodological problems, the in -

sight we have gained into the development of con-

tractures of the lower extremities in SMA II repre-

sents an important scientific contribution to under-

standing the natural course of this condition.

Of particular value in this case is the unusually

big group of patients and the large data collection

from the examinations.

To date there has been no scientific information

about conservative (e.g. physiotherapy, orthoses) vs.

surgical treatment of contractures of the lower ex -

tremities in patients with SMA type II. Further stud-

ies of this subject are needed.

COnCLUSIOnS
1. This study shows the development of restrictions

of passive range of motion in the joints of the

lower extremities across the age groups in SMA

type II patients. 

2. Loss of range of motion and contractures of the

joints of the lower extremities (hip, knee and

ankle) were seen in many patients at a very early

age (in many cases under the age of 2 years) and

progressively increased with age in childhood. 

3. The greatest restriction of motion with flexion

contractures was in the knee joint followed by hip

and ankle. 

4. The results of this study may be used as a basis

for comparisons in further studies dealing with

the effectiveness of treatments to address both the

contracture itself as well as the underlying cause

of the contracture in SMA. 
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