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INTRODUCTION

Cerebral palsy (CP) is primarily a permanent disorder that in-
volves movement and posture, causing limitations in activity 
due to non-progressive disturbances that occur in the devel-
oping fetal or immature infant brain. Medical treatment is fo-
cused on younger patients with CP; however, this disease is a 
lifelong condition. The overall survival rate among all children 
with CP until 20 years of age is 90%.1 Cathels and Reddihough2 

reported that young adults with CP had considerable, con-
tinuing impairment and disability. Thus, they require ongoing 
and periodic treatment.

To precisely assess the patient and prepare management 
plans, a medical history should be obtained, and a physical ex-
amination, functional assessment, medical imaging studies, 
and gait analysis should be performed. A physical examination 
is the most useful and crucial factor for determining the pres-
ence or absence of an underlying pathology. Therefore, clini-
cians need to know the normal ranges of physical examina-
tion variables to evaluate a patient for CP.

The physical examination of a child with CP has been studied 
extensively.3-10 In addition, numerous authors have reported the 
normal range of motion (ROM) in healthy adults.11-17 However, 
these reports do not include essential components needed for 
evaluating CP during a physical examination, such as the pop-
liteal angle and Staheli test or Silfverskiöld test. For example, 
the clinical significance of a popliteal angle of 45° in a 5-year-
old patient is different from that in a 35-year-old patient. It has 
been reported that the popliteal angle tends to increase with 
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age in younger populations.18 However, there are few such stud-
ies including both adolescents and adults.

The purpose of this study was to establish normative values 
and evaluates age-related changes of the physical examina-
tion variables, which are commonly used for patients with CP.
 

MATERIALS AND METHODS

This prospective study was approved by the Institutional Re-
view Board of the Seoul National University Bundang Hospital 
(IRB No. B-1511/321-003). Informed consent was obtained from 
all participants or their legal guardians.

Participants
This study was conducted with healthy adolescents and adults. 
One hundred four healthy volunteers were enrolled and divid-
ed into four age groups: 13−20, 21−35, 36−50, and 51 years and 
older. There were 26 participants in each group with an equal 
number of men and women (Table 1). A medical history and 
lower extremity teleroentgenogram were obtained for each 
patient. Participants with musculoskeletal diseases, a previous 
orthopedic surgery, or a medical or neurologic disease capable 
of affecting normal gait were excluded.
 

Physical examination
A consensus-building session was held by five orthopedic sur-
geons, each of whom had 5−15 years of orthopedic experience, 
to select the appropriate components of a physical examination 
for patient with CP. A literature review focusing on the physical 
examination used to diagnose CP was performed. From the 
pooled articles, the physical examination components that 
were considered reliable by several authors were chosen.3,7,19-26 
Table 2 displays the studies that evaluated the physical exami-
nation tests for CP and their reliability. All decisions regarding 
inclusion of a physical examination and associated measure-
ment protocols required unanimous agreement.

Selected items were: Thomas test, Staheli test, hip flexion, 
internal rotation of the hip, external rotation of the hip, adduc-
tion of the hip, abduction with hip extension, abduction with 
the hip at 90° flexion, trochanteric prominence angle, flexion 
contracture of the knee, knee flexion, unilateral popliteal an-

gle, bilateral popliteal angle, ankle dorsiflexion with knee ex-
tension, ankle dorsiflexion with the knee at 90° flexion, and 
ankle plantar flexion. Hamstring shifting was defined as the dif-
ference between the bilateral popliteal angle and unilateral pop-
liteal angle. 

The measurements were taken by three orthopedic surgeons 
(SJM, BCC, and MKC) and each surgeon evaluated part of the 
patients. A rater or orthopedic surgeon positioned the patient, 
and a research assistant maintained each patient’s position. 
Measurements were performed by the rater using a standard 
universal goniometer with an arm length of 18 cm and 1° incre-
ments. The method used to obtain physical measurements is 
described in detail in Table 2.
 

Statistical analysis
All data were analyzed with SPSS, version 22 (IBM, Corp., Ar-
monk, NY, USA). We used the average value of the bilateral 
measurement for statistical independence when performing 
statistical analysis.27 One-way analysis of variance (ANOVA) 
with Bonferroni post hoc analysis was used to compare the 
age groups. p values less than 0.05 were considered statistically 
significant.
 

RESULTS

Participants’ mean age was 36.1 years [standard deviation (SD) 
15.2 years; range 13−69 years]. There were 52 male participants 
and 52 female participants. Participants’ average body mass 
index was 23.5 kg/m2 (SD 3.0 kg/m2; range 15.9−30.7 kg/m2).

The Thomas test yielded a mean angle of 0.2° (SD 0.9°), where-
as the Staheli test yielded a mean angle of -18.4° (SD 3.9°). The 
mean unilateral popliteal angle was 35.2° (SD 9.1°), and the 
mean bilateral popliteal angle was 25.5° (SD 8.5°). The mean 
hamstring shift was 9.7° (SD 4.6°). The mean angle of ankle 
dorsiflexion with knee extension was 11.3° (SD 4.8°), and the 
mean angle of ankle dorsiflexion with the knee at 90° flexion 
was 19.8° (SD 5.2°). The difference between the ankle dorsi-
flexion with knee extension and the ankle dorsiflexion with 
the knee at 90° flexion was 8.5°. The mean hip internal rotation 
was 39.1° (SD 9.0°), and the mean hip external rotation was 
41.3° (SD 8.3°). The difference between the internal and exter-

Table 1. Summary of Demographic Data in Study’s Cohort

Age groups
13–20 years 21–35 years 36–50 years Over 51 years

No. of participants 26 26 26 26
Sex (M/F) 13/13 13/13 13/13 13/13
Age   17.2 (2.2)   28.4 (4.0)   43.1 (4.8)   56.0 (3.9)
Height (cm) 165.5 (8.2) 166.4 (9.2) 166.3 (8.0) 161.3 (9.4)
Weight (kg)     60.9 (12.5)     65.8 (12.7)   67.5 (9.2)   62.1 (9.6)
BMI (kg/m2)   22.1 (3.5)   23.7 (3.2)   24.4 (2.7)   23.8 (2.4)
BMI, body mass index.
Values are presented as mean (standard deviation).
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Table 2. Methods of Measurement and Previous Studied on the Reliability of the Measurement of the Physical Examinations

Physical 
examination

Method of measurement Study
Characteristics 

of subjects
Reliability (ICC)

Thomas test Supine, contralateral limb was flexed.
Angle between the longitudinal axis of the thigh and a horizontal line

Glanzman, et al.22 25 CP 0.98 (intra)
Kilgour, et al.23 25 CP 0.17–0.66 (intra)

25 control 0.09–0.91 (intra)
Mutlu, et al.24 38 CP 0.73–0.99 (intra), 0.92–0.95 (inter)
Lee, et al.7 36 CP 0.51 (inter)

37 control 0.21 (inter)
Staheli test  
  (Fig. 1)

Prone, one hand on the pelvis. Gradually extended the thigh with the  
  other until pelvis begin to rise.
Angle between the longitudinal axis of the thigh and the horizontal line

Glanzman, et al.22 25 CP 0.98 (intra)
Kilgour, et al.23 25 CP 0.78–0.91 (intra), 0.55–0.80 (inter)

25 control 0.80–0.92 (intra), 0.04–0.20 (inter)
Lee, et al.7 36 CP 0.20 (inter)

37 control 0.11 (inter)
Clapper, et al.21 20 control 0.83 (intra)

Hip flexion Supine, contralateral hip & knee extended. And hip is flexed passively. 
Angle between axis of the thigh and horizontal line

Sankar, et al.28 252 control >0.81

Trochanteric  
  prominence  
  angle test

Prone, the greatest prominence of the greater trochanter can be  
  palpated laterally.
Angle between a vertical line and the long axis of the leg

Chung, et al.3 36 CP 0.81 (inter)
Souza, et al.20 18 control 0.88–0.90 (intra), 0.83 (inter)
Shultz, et al.19 16 control 0.77–0.97 (intra), 0.58 (inter)

Hip internal  
  rotation

Prone, the leg rotated inward maximally.
Angle between a vertical line and the long axis of the leg

Chung, et al.3 36 CP 0.89 (inter)
Kouyoumdjian, et al.14 120 control 0.83 (inter)*

Hip external  
  rotation

Prone, examiner grasped the both ankles and push them apart so the  
  leg maximally rotated outward.
Angle between a vertical line and the long axis of the leg

Chung, et al.3 36 CP 0.53 (inter)

Kouyoumdjian, et al.14 120 control 0.66 (inter)*

Knee flexion Supine, contralateral limb extended and knee flexed passively.
Angle between an extension line of thigh axis and axis of lower leg

Clapper, et al.21 20 control 0.95 (intra)

Knee flexion  
  contracture

Supine, contralateral limb extended and knee extended passively until  
  no longer extension.
Angle between an extension line of thigh axis and axis of lower leg

Kilgour, et al.23 25 CP 0.97–0.99 (intra), 0.89–0.92 (inter)

25 control 0.79–0.87 (intra), 0.34–0.67 (inter)

Unilateral  
  popliteal  
  angle

Supine, contralateral hip extended. Tested limb is flexed to 90° at the  
  hip and knee is extended passively.
Angle between the longitudinal axis of the leg and vertical line

Glanzman, et al.22 25 CP 0.97 (intra)
Kilgour, et al.23 25 CP 0.96–0.99 (intra), 0.58–0.74 (inter)

25 control 0.87–0.97 (intra), 0.57–0.76 (inter)

Ten Berge, et al.25 15 CP 0.77 (intra), 0.68 (inter)
15 control 0.72 (intra), 0.82 (inter)

Lee, et al.18 47 control 0.66 (inter)
Bilateral  
  popliteal 
  angle

Supine, Contralateral hip flexed to 90°. Tested limb is flexed to 90°  
  at the hip and knee extended passively.
Angle between the longitudinal axis of the leg and vertical line

Kilgour, et al.23 25 CP 0.87–0.97 (intra), 0.57–0.76 (inter)
25 control 0.96–0.97 (intra), 0.58–0.74 (inter)

Lee, et al.18 47 control 0.63 (inter)
Ankle 
  dorsiflexion 
  with knee 
  extension
  (Fig. 2A)

Supine, ankle was dorsiflexed with the knee extended.
Angle between the long axis of the foot and the lower leg

Kilgour, et al.23 25 CP 0.96–0.99 (intra), 0.63–0.69 (inter)
25 control 0.95–0.98 (intra), 0.51–0.66 (inter)

Lee, et al.18 47 control 0.43 (inter)
Clapper, et al.21 20 control 0.92 (intra)
Glanzman, et al.22 25 CP 0.97–0.98 (intra)

Ankle 
  dorsiflexion    
  with knee 90°  
  flexion (Fig. 2B)

Supine, ankle was dorsiflexed with the knee flexed 90°.
Angle between the long axis of the foot and the lower leg
 

Kilgour, et al.23 25 CP 0.98–0.99 (intra), 0.75–0.90 (inter)
25 control 0.97–0.98 (intra), 0.70–0.75 (inter)

Lee, et al.18 47 control 0.36 (inter)

Thigh-foot  
  angle

Prone, knee flexed 90°, ankle in neutral position, sole parallel to the floor
Angle between the longitudinal axis of the thigh and longitudinal  
  axis of the foot

Lee, et al.26 18 CP 0.74 (inter)

ICC, interclass correlation coefficient; CP, cerebral palsy; intra, intra-rater reliability; inter, inter-rater reliability.
*Lin’s concordance correlation coefficient. 
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nal rotations was 2.2°; both rotations were almost symmetri-
cal. The mean trochanteric prominence angle was 18.4° (SD 
4.9°). The mean thigh-foot angle was 13.7° (SD 5.5°) (Table 3).

The Staheli test was statistically significantly different among 
the different age groups (p=0.002), according to one-way ANO-
VA. The post hoc test showed that the mean hip extension was 
2.7° higher in the 13−20-year-old group than in the 21−35-year-
old group (p=0.046), 3.8° higher in the 13−20-year-old group 
than in the 36−50-year-old group (p=0.002), and 2.8° higher in 
the 13−20-year-old group than in the over 51 years old group 
(p=0.037).

Fig. 2. The Silfverskiöld test. (A) The participant is placed in the supine position with the knee extended. (B) The hip and knee flexed at 90°. The angle 
is measured between parallel to long axis of fibula and parallel to long axis of 5th metatarsal. Arrows indicate gastrocnemius muscle.

A B

Fig. 1. The Staheli test is performed with the participant in the prone po-
sition on the edge of the examination table. The examiner places one 
hand on the pelvis and gradually extends the thigh with the other. The 
point at which the pelvis begins to rise indicates the end of hip motion. 
At this point, the horizontal-thigh angle is measured. The psoas muscle 
(arrow) is primarily responsible for hip flexion contracture.  

DISCUSSION

Our study presents normative data that can be widely used as 
a reference for evaluating patients aged 13 years and older 
with CP. There was no significant difference in the measures 
of physical examination among all the age groups, except for 
the Staheli test.

There was a statistically significant difference in the Staheli 
test. The increase in the 13−20-year-old group was 2.7°, which 
was low compared to the other age groups. This result may be 
explained by physiological change in the musculoskeletal sys-
tem that occurs as part of normal ageing. Such changes include 
the loss in the resilience of cartilage, decreased strength of the 
skeletal muscle, reduced elasticity of the ligaments, and fat re-
distribution.29 However, this small difference seems to be clin-
ically insignificant.

The present study showed that the bilateral popliteal angle 
had a tendency to increase in those over 36-years-old. Previ-
ous studies have demonstrated that the popliteal angle is in-
creased in children and adolescents.5,18 The age of the cohorts 
in these previous studies ranged from 1−5 years. The unilater-
al popliteal angle with lordosis and an anteriorly tilted pelvis 
is a measure of functional hamstring contracture, and the bi-
lateral popliteal angle with a loss of lordosis and neutral pelvis 
is a measure of the true hamstring contracture (Fig. 3). A ham-
string shift greater than 20° is usually indicative of excessive 
anterior tilt from tight hip flexor musculature, weak abdomi-
nals, or a weak hip extensor.30 Popliteal angles are commonly 
used during physical examination to determine the necessity 
for distal hamstring lengthening in patients with CP. Some au-
thors suggest that a popliteal angle >40−50° is an indication for 
distal hamstring lengthening.31,32 However, Katz, et al.5 investi-
gated the normal ranges of popliteal angle in 482 healthy chil-
dren and showed that the ranges were up to 50° at ≥5 years of 
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age. The current study also showed that 31 participants (30%) 
had a unilateral popliteal angle greater than 40°. Therefore, it is 
important to know that a popliteal angle of 40° or more is not 
an absolute indication of distal hamstring release. In addition, 
the popliteal angle should be interpreted with caution when 
determining whether surgery is necessary and age-related 
changes should be considered because weakening the ham-
strings increases anterior pelvic tilt, which may actually worsen 
knee flexion.33,34

The Silfverskiöld test is used to measure the range of ankle 

dorsiflexion with the knee extended and with the knee flexed 
90°. If ankle dorsiflexion is decreased with the knee extended 
and the knee flexed 90°, a contracture of the gastrocnemius and 
soleus muscles is confirmed. If ankle dorsiflexion increases 
within the normal range with the knee flexed, an isolated con-
tracture of the gastrocnemius muscle is confirmed. DiGiovanni, 
et al.35 defined the gastrocnemius contracture as less than 5° 
of dorsiflexion with the knee in extension, and the gastrocne-
mius-soleus contracture was defined as less than 10° of dorsi-
flexion with the knee in 90° flexion. In our study, the mean 

Table 3. One-Way Analysis of Variance, Mean, SD, 95% CIs and p Values for the Difference of Age Groups

Examination
Mean (SD) [95% CI] (degrees)

p value
13–20 years 21–35 years 36–50 years Over 51 years Total

Thomas test 0.0 (0.2)
[0.0 to 0.1]

0.3 (0.9)
[-0.1 to 0.6]

0.3 (1.2)
[-0.1 to 0.8]

0.3 (1.0)
[-0.1 to 0.7]

0.2 (0.9)
[0.1 to 0.4]

0.591

Staheli test -20.9 (4.6)
[-18.7 to -22.8]

-18.0 (3.2)
[-16.7 to -19.3]

-17.0 (2.9)
[-15.8 to -18.2]

-18.0 (3.6)
[-16.5 to -19.4]

-18.4 (3.9)
[-17.7 to -19.2]

  0.002*

Hip flexion 126.8 (7.6)
[123.7 to 129.8]

126.6 (6.4)
[124.0 to 129.2]

125.8 (4.6)
[123.9 to 127.6]

125.5 (6.1)
[123.1 to 128.0]

126.2 (6.2)
[125.0 to 127.4]

0.850

Hip abduction with extension 47.6 (6.2)
[45.1 to 50.1]

46.3 (6.1)
[43.8 to 48.7]

49.3 (4.9)
[47.3 to 51.2]

47.3 (5.6)
[45.0 to 49.6]

47.6 (5.7)
[46.5 to 48.7]

0.298

Hip abduction with 90° flexion 55.6 (7.5)
[52.6 to 58.7]

53.3 (6.7)
[50.6 to 56.0]

56.1 (5.3)
[53.9 to 58.2]

54.0 (8.9)
[50.4 to 57.6]

54.8 (7.2)
[53.3 to 56.2]

0.472

Adduction of hip 28.6 (8.9)
[25.0 to 32.2]

30.9 (7.6)
[27.8 to 33.9]

33.3 (6.5)
[30.7 to 36.0]

32.4 (7.7)
[29.3 to 35.5]

31.3 (7.8)
[29.8 to 32.8]

0.146

Hip external rotation 40.1 (8.5)
[36.7 to 43.6]

41.0 (8.8)
[37.4 to 44.6]

43.5 (7.3)
[40.6 to 46.5]

40.5 (8.3)
[37.2 to 43.9]

41.3 (8.3)
[39.7 to 42.9]

0.445

Hip internal rotation 40.1 (11.1)
[35.6 to 44.5]

39.2 (8.3)
[35.8 to 42.5]

39.4 (8.7)
[35.9 to 42.9]

37.6 (7.8)
[34.4 to 40.7]

39.1 (9.0)
[37.3 to 40.8]

0.788

Trochanteric prominence angle test 17.6 (4.5)
[15.7 to 19.4]

18.9 (4.3)
[17.2 to 20.6]

19.1 (4.6)
[17.2 to 20.9]

17.9 (6.1)
[15.4 to 20.3]

18.4 (4.9)
[17.4 to 19.3]

0.611

Knee flexion contracture 1.0 (1.8)
[0.3 to 1.8]

0.4 (1.2)
[-0.1 to 0.9]

1.7 (2.0)
[0.9 to 2.5]

0.8 (1.9)
[0.0 to 1.6]

1.0 (1.8)
[0.6 to 1.3]

0.088

Knee flexion 136.5 (5.5)
[134.3 to 138.8]

137.6 (5.8)
[135.3 to 140.0]

137.0 (5.4)
[134.8 to 139.2]

137.1 (5.2)
[135.0 to 139.2]

137.1 (5.4)
[136.0 to 138.1]

0.917

Unilateral popliteal angle 33.8 (10.3)
[29.7 to 37.9]

33.1 (8.9)
[29.5 to 36.7]

35.9 (8.8)
[32.3 to 39.5]

38.0 (7.9)
[34.8 to 41.2]

35.2 (9.1)
[33.4 to 37.0]

0.203

Bilateral popliteal angle 24.3 (9.1)
[20.6 to 28.0]

22.5 (9.6)
[18.7 to 26.4]

27.0 (8.2)
[23.7 to 30.3]

28.1 (6.3)
[25.6 to 30.6]

25.5 (8.5)
[23.8 to 27.1]

0.074

Hamstring shift 9.5 (4.1)
[7.9 to 11.2]

10.6 (5.2)
[8.5 to 12.7]

8.9 (4.6)
[7.1 to 10.8]

9.9 (4.6)
[8.0 to 11.7]

9.7 (4.6)
[8.8 to 10.6]

0.649

Thigh-foot angle 12.4 (5.5)
[10.2 to 14.6]

12.8 (6.6)
[10.1 to 15.4]

15.5 (4.4)
[13.7 to 17.3]

14.0 (5.0)
[12.0 to 16.0]

13.7 (5.5)
[12.6 to 14.7]

0.169

Ankle dorsiflexion with knee extension 11.3 (4.7)
[9.5 to 13.2]

12.2 (4.5)
[10.4 to 14.1]

11.0 (5.8)
[8.7 to 13.3]

10.8 (4.2)
[9.1 to 12.5]

11.3 (4.8)
[10.4 to 12.3]

0.714

Ankle dorsiflexion with knee 90˚ flexion 19.6 (4.5)
[17.8 to 21.4]

21.1 (5.0)
[19.1 to 23.1]

18.3 (5.7)
[16.0 to 20.5]

20.3 (5.6)
[18.1 to 22.6]

19.8 (5.2)
[18.8 to 20.8]

0.244

Ankle plantar flexion 49.4 (9.2)
[45.7 to 53.1]

47.2 (6.5)
[44.6 to 49.9]

46.7 (8.7)
[43.2 to 50.2]

45.2 (8.3)
[41.8 to 48.5]

47.1 (8.3)
[45.5 to 48.7]

0.320

SD, standard deviation; CI, confidence interval.
*Statistically significant p<0.05.
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value of ankle dorsiflexion with knee extension was 11.3° [95% 
confidence interval (CI): 10.4−12.3°], and that of ankle dorsi-
flexion with the knee 90° flexion was 19.8° (95% CI: 18.8−20.8°). 
The mean difference between these values was 8.5°, and there 
was no significant difference among all the age groups. A sim-
ilar result has been reported in children,18 suggesting that nor-
mal gastrocnemius muscle length is not affected by age in 
healthy people.

Our study has several strengths. We used a well-designed 
study model. Each age group consisted of an equal number 
and ratio of men and women. Several studies have investigat-
ed the normative value of a few items that do not apply to all 
kinds of physical examinations for evaluating patients with 
CP. However, we comprehensively suggest normative data of 
physical examinations that are primarily used to evaluate pa-
tients with CP.

There is a limitation to this study. We used a goniometer to 
measure the ROM during the physical examinations, and we 
held a consensus-building session to reduce variability in the 
value. Several authors have introduced different tools to im-
prove the accuracy and reliability of ROM measurements 
such as ultrasonography or an inertial sensor, which is an op-
toelectronic system used to measure three-dimensional ori-
entation.36 We need to consider using these tools to obtain a 
more accurate value when we conduct further research. Nev-
ertheless, goniometric measurements are frequently used in 
the clinical setting, therefore, our results may be useful to cli-
nicians.

We documented normative values that can be widely used 
for evaluating CP in patients 13 years and older. Further re-
search is needed to determine correlations between physical 
examination findings and gait kinematic variables in healthy 
adolescent and adult populations.
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