
ORIGINAL ARTICLE

Comparison between constrained and non-constrained Cobb
techniques for the assessment of thoracic kyphosis and lumbar
lordosis

Jean-Marc Mac-Thiong Æ Fanny-Maud Pinel-Giroux Æ
Jacques A. de Guise Æ Hubert Labelle

Received: 17 May 2006 / Revised: 23 August 2006 / Accepted: 11 January 2007 / Published online: 11 April 2007
� Springer-Verlag 2007

Abstract Sagittal curvatures of the spine can be

assessed using the constrained or non-constrained

Cobb techniques. However, there is no study that

specifically compares these two techniques. The

objective of this study is to assess the reproducibility

and clinical relevance of the non-constrained Cobb

technique (non-constrained limit vertebrae) compared

to the constrained Cobb technique (constrained limit

vertebrae). Standing sagittal radiographs of the spine

of ten adolescents with idiopathic scoliosis, ten

adolescents with spondylolisthesis and ten normal

adolescents were selected. Thoracic kyphosis (TK)

and lumbar lordosis (LL) were measured twice by

three observers using both constrained and non-con-

strained Cobb techniques. Pearson’s correlation

coefficients, as well as intra- and inter-observer intra-

class correlation coefficients (ICC) were calculated.

Inter-observer ICCs were similar for TK and LL with

both techniques, ranging from 0.84 to 0.89. Intra-ob-

server ICCs for both techniques were between 0.74

and 0.92 for TK, while they were between 0.87 and

0.97 for LL. The two techniques were highly corre-

lated for the measurement of the TK (r = 0.96) and

LL (r = 0.94). Computer-assisted assessment of the

sagittal profile using the non-constrained Cobb tech-

nique provides excellent reproducibility. As opposed

to the constrained Cobb technique, the non-con-

strained Cobb technique takes into account the vari-

ability in the level of transition between the TK and

LL. However, adequate use of this technique requires

accurate identification of the limit vertebrae in the

thoracolumbar spine. Consequently, a computer-as-

sisted technique is recommended when using the

non-constrained Cobb technique.
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Introduction

The modified Cobb technique, inspired from the

technique originally developed by Cobb [2] to assess

the magnitude of scoliosis, is the most widely used

technique to evaluate the thoracic kyphosis (TK) and

lumbar lordosis (LL) from sagittal radiographs. The

use of constrained limit vertebrae (constrained Cobb

technique) is most commonly used. However, there is a

high variability in the literature concerning the level of

the limit vertebrae selected to measure constrained TK

and LL. TK values have been reported using various

constrained levels such as T1–T12 [6, 7, 10], T2–T12
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[12], T3–T12 [1, 20] and T4–T12 [3, 15, 16]. LL has

been measured from T12–L5 [13], T12–S1 [8, 11–13,

20], L1–L5 [1, 3, 8, 13], L1–S1 [6, 10, 13] and L2–S1 [5].

Up to now, there is no consensus in the literature on

the optimal limit vertebrae to select for the measure-

ment of constrained TK and LL.

Some authors [18, 21] have also used a non-con-

strained level for the limit vertebra in the thoracol-

umbar spine (non-constrained Cobb technique), which

corresponds to the most tilted vertebra that separates

the TK and LL. This vertebra is therefore used as the

lower limit vertebra for the measurement of the

TK and as the upper limit vertebra for the measure-

ment of the LL, and allows the measurement of the

maximal Cobb angle for TK and LL. This concept is

in accordance with the original technique developed

by Cobb [2], for which the limit vertebrae correspond

to the most tilted vertebrae for the measurement

of scoliosis on frontal plane radiographs. Also, as

opposed to the constrained Cobb technique, the non-

constrained Cobb technique allows complete evalua-

tion of the entire kyphotic and lordotic segments of

the spine because it takes into account the variability

in length of the TK and LL. Accordingly, Vaz et al.

[19] have shown that for normal individuals, the

number of kyphotic and lordotic vertebral units can

vary significantly.

Although there are some theoretical advantages to

the use of the non-constrained Cobb technique, recent

data have shown a poor inter-observer reproducibility

for the manual selection of end vertebrae for scoliosis

measurements [14] and suggests that the situation may

be the same for sagittal plane measurements. The

constrained method remains the most popular and

there is no evidence in the literature confirming that

measurements obtained with both techniques are

comparable. This study introduces a computer-assisted

technique for the assessment of TK and LL. It also

compares the reproducibility and clinical relevance of

the constrained and non-constrained Cobb tech-

niques. These two techniques are evaluated for normal

adolescents, as well as for subjects with adolescent

idiopathic scoliosis (AIS) and with developmental

spondylolisthesis.

Materials and methods

The study design was based on the recommendations

of Harrison et al. [8] intended to standardize reli-

ability studies for measurements of radiographic

parameters. Accordingly, the current study involves

30 radiographs, three observers and two measuring

sessions.

Sample description

Standing lateral radiographs of the spine of ten normal

subjects, ten subjects with AIS and ten subjects with

L5–S1 developmental spondylolisthesis were randomly

selected. None of the patients included in this study

had a history or clinical signs of hip, pelvic or lower

limb disorder. All radiographs were denominalized and

were taken under the same conditions: in an upright

position, with the upper limbs in the fists-on-clavicle

position, and the hips and knees fully extended [4, 9].

The left lateral radiographs were taken on 30 · 90 cm

digital cassettes, ensuring that the two femoral heads

and part of the cervical spine were included. All

radiographs were stored in digital format for the

measurement process.

The mean age for the normal group (6 girls, 4 boys)

was 14.6 ± 3.5 years. There were eight girls and two

boys with AIS, and the mean age in this group was

15.1 ± 3.6 years. All subjects with AIS presented a

double structural thoracic and lumbar curve pattern.

The mean Cobb angle for the major scoliotic curve was

56.4 ± 13.1� (range 36.7�– 78.7�). As for subjects with

spondylolisthesis, there were six girls and four boys,

and the mean age was 14.2 ± 4.0 years. This group was

composed of four subjects with Meyerding grade 1 slip,

three with grade 2 slip, two with grade 3 slip and one

with grade 4 slip.

Measurement technique

Two techniques of measurement were used to assess

the TK and LL: the constrained Cobb technique and

the non-constrained Cobb technique. All digital

radiographs were assessed using the SpineView soft-

ware (Surgiview, France) [11, 12]. Although only

digital radiographs are used in our institution, images

scanned from standard radiographs can also be used

with the software. As requested by the software, all

observers trace a best-fit line of all vertebral endplates

from the superior endplate of T1 to the superior end-

plate of S1 on each measured radiograph (Fig. 1).

Digitization of all vertebral endplates allows

subsequent calculation of both the constrained and

non-constrained techniques. In the current study, the

constrained and non-constrained Cobb values were

extracted from the same digitization process (from T1

to S1) on each radiograph. About 3 min is required

to identify all vertebral endplates. The software
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automatically provides the orientation of all identified

vertebral endplates with respect to the horizontal

(Fig. 1), so that a Cobb angle can be calculated

between any two vertebral endplates. For the current

study, calculation of constrained and non-constrained

Cobb angles based on the orientation of the vertebral

endplates was performed by one of the authors using

another software (Microsoft Excel, Microsoft

Corporation, USA).

For each subject, the TK and the LL were measured

using both the constrained and the non-constrained

Cobb techniques from the orientation of the vertebral

endplates automatically provided by the software. For

the constrained Cobb technique, the TK was measured

between the superior endplate of T1 and the inferior

endplate of T12, while the LL was measured between

the superior endplate of L1 and the superior endplate

of S1.

To assess the TK using the non-constrained Cobb

technique (Fig. 2), all Cobb angles between the supe-

rior endplate of T1 and the inferior endplate of T2 to

L5 were calculated, because the level of the most tilted

vertebra separating the TK and LL is not known

a priori. The maximum Cobb angle value corresponds

to the TK value for the non-constrained Cobb tech-

nique. Similarly, all Cobb angles between the superior

endplate of S1 and the superior endplate of T1 to L5

were calculated. The maximum Cobb angle value

corresponds to the LL value for the non-constrained

Cobb technique. The lower limit vertebra of the TK

was always the same as the upper limit vertebra of the

LL in the current study. In cases where the limit ver-

tebrae are different, we recommend that the TK and

LL be measured using the same limit vertebra that is

associated with the maximal value for the sum of the

TK and LL. For example, if the most tilted inferior

endplate is T11 and the most tilted superior endplate is

T12, then TK and LL are measured sequentially for

T11 and T12. First using the T11 limit vertebra, the TK

value measured between the superior endplate of T1

and the inferior endplate of T11 is summed with the LL

value measured between the superior endplate of T11

and the superior endplate of S1. Then, the same pro-

cess is done using T12 as the limit vertebra. The proper

limit vertebra (with the proper TK and LL values) is

that for which the sum of the TK and LL is maximum.

The computer-assisted technique is different from the

Fig. 1 Measurements using
the SpineView software. All
vertebral endplates from T1
to S1 are identified by the
user. Then, the software
automatically provides the
orientation of all identified
vertebral endplates with
respect to the horizontal in a
new window. These data can
then be copied and processed
in any software in order to
calculate the constrained and
non-constrained Cobb angle
between any two vertebral
endplates

Fig. 2 In the non-constrained Cobb technique, the lumbar
lordosis is assessed from the superior endplate of S1 to the
superior endplate of the most tilted vertebra in the thoracolum-
bar region, while the thoracic kyphosis is assessed from the
superior endplate of T1 to the inferior endplate of the most tilted
vertebra in the thoracolumbar region
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conventional manual technique in which the clinician

has to select himself the limit vertebra.

Measurement of the TK and LL using the

constrained and non-constrained Cobb techniques was

performed by three observers having different levels of

experience (an experienced spine surgeon, an ortho-

pedic resident and a medical student). The three

observers assessed the TK and LL for all 30 subjects

using both techniques in order to evaluate the inter-

observer reproducibility of each technique. Assess-

ment of the TK and LL was repeated one week later by

each observer, in order to assess the intra-observer

reproducibility of the constrained and non-constrained

Cobb techniques.

Data analysis

The mean values and standard deviations for TK and

LL were calculated for each technique. Pearson’s cor-

relation studies between the two techniques and com-

parisons using paired Student t tests were also

performed. As an error analysis, mean absolute dif-

ferences of observers’ measurements were also

assessed, with the associated 95% confidence interval.

All these previous results were determined from the

data of the first acquisition session only. Correlation

between the two acquisition sessions was assessed

using Pearson’s coefficient. Finally, the intra- and inter-

observer reproducibility of each technique was calcu-

lated using single measure intra-class correlation

coefficient (ICC) with a two-way random effects model

(absolute agreement definition). The inter-observer

ICC was calculated from the data of the first acquisi-

tion session only. The intra-observer ICC was calcu-

lated for each observer from the data of the two

acquisition sessions. The level of significance was set at

0.05.

Results

Mean values and standard deviations for TK and LL,

as well as mean absolute differences of observers’

measurements and the associated 95% confidence

interval are presented in Tables 1 and 2, respectively.

The non-constrained Cobb technique gave significantly

higher values of TK (P < 10–22) and LL (P < 10–15),

but they were strongly correlated with those obtained

with the constrained Cobb technique for TK (r = 0.96)

and for LL (0.94). Both techniques provided similar

strong correlation coefficients between the two acqui-

sition sessions. The correlation coefficient for LL

measurements between the two acquisition sessions

was 0.93 and 0.94 for the constrained and non-con-

strained Cobb techniques, respectively. It was 0.84 and

0.84 for the constrained and non-constrained

measurement of the TK, respectively.

Table 3 and 4 present the results from the repro-

ducibility study, indicating that both techniques

provide similar intra- and inter-observer reproducibil-

ity. Concerning the intra-observer reproducibility,

there is no obvious relationship with the observer’s

clinical experience. Intra-observer ICCs varied be-

tween 0.74 and 0.92 for the measurement of TK, while

they were between 0.87 and 0.97 for the measurement

of LL. Globally, intra-observer ICCs were higher for

the measurement of LL. Inter-observer ICCs were

Table 1 Measurement of thoracic kyphosis using the constrained
and non-constrained Cobb techniques

Measuring
technique

Thoracic kyphosis
(±standard
deviation)

Mean absolute
difference of
three observers

Confidence
interval
(95%)

Non-constrained

Cobb

39.9 ± 12.0� 4.5� 2.6�–6.4�

Constrained

Cobb

34.7 ± 12.4� 5.2� 3.4�–6.9�

Table 2 Measurement of lumbar lordosis using the constrained
and non-constrained Cobb techniques

Measuring
technique

Lumbar lordosis
(±standard
deviation)

Mean absolute
difference of
three observers

Confidence
interval
(95%)

Non-constrained
Cobb

68.1 ± 16.7� 3.4� 1.8�–5.0�

Constrained
Cobb

61.6 ± 13.9� 3.7� 2.3�–5.1�

Table 3 Intra-observer reproducibility of the constrained and non-constrained Cobb techniques for each observer based on intra-class
correlation coefficients (95% confidence interval)

Measuring technique Thoracic kyphosis Lumbar lordosis

Observer 1 Observer 2 Observer 3 Observer 1 Observer 2 Observer 3

Non-constrained Cobb 0.74 (0.49–0.87) 0.90 (0.79–0.95) 0.92 (0.84–0.96) 0.97 (0.94–0.99) 0.97 (0.93–0.98) 0.90 (0.80–0.95)
Constrained Cobb 0.80 (0.60–0.90) 0.81 (0.65–0.91) 0.92 (0.83–0.96) 0.95 (0.90–0.98) 0.96 (0.91–0.98) 0.87 (0.72–0.94)
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similar for TK and LL, ranging from 0.84 to 0.89. For

the measurement of LL, inter-observer ICCs were

lower than intra-observer ICCs, while there was no

particular relationship between intra- and inter-ob-

server ICCs for the measurement of TK.

Discussion

As previously suggested by Vaz et al. [19], the level of

transition between the TK and LL can vary widely in

the normal young adult population. In their study

population, they reported that the length of the spinal

kyphotic segment varied between 6 and 13 vertebrae,

while the lordotic segment spanned between 1 to 6

vertebrae. Treatment of spinal disorders, such as

spondylolisthesis, can also have a significant effect on

the length of the TK and LL (Fig. 3). This is the reason

why the use of the non-constrained Cobb technique

can be appealing. On the opposite side, the constrained

Cobb technique does not always allow to assess the

entire kyphotic and lordotic segments of the spine,

such as for cases where part of the kyphotic segment

extends into the lumbar spine or vice versa. This

explains why the non-constrained Cobb technique

consistently gave higher mean values than the con-

strained Cobb technique for TK and LL, but there

was nevertheless a strong correlation between both

techniques, confirming that measurements with the

non-constrained Cobb technique vary in the same

fashion as with the constrained Cobb technique.

The present study specifically evaluated if the repro-

ducibility of the non-constrained Cobb technique was

similar to that of the constrained Cobb technique. Based

on Shrout and Fleiss criteria for reproducibility testing

(poor, ICC < 0.40; fair to good, ICC 0.40 to 0.75; excel-

lent, ICC > 0.75) [17], intra- and inter-observer repro-

ducibility was excellent for both techniques. Harrison

et al. [7, 8] obtained even higher ICCs (between 0.94

and 0.99) for the constrained Cobb technique in their

reproducibility study on adult subjects. The authors

believe that this is related to the fact that the current

study included subjects with AIS and spondylolisthesis,

in addition to normal adolescents. Identification of

vertebral endplates is more difficult in pediatric than in

adult subjects. Accurate identification of vertebral end-

plates is also more difficult in subjects with AIS because

vertebrae are superimposed and rotated when viewed on

the lateral radiograph. This is particularly true for AIS

subjects in this study because they all had a double

structural thoracic and lumbar curve pattern. As for

subjects with high-grade spondylolisthesis, remodeling

and doming of S1 adds to the complexity of accurately

identifying the S1 upper endplate.

For both constrained and non-constrained Cobb

techniques, intra-observer reproducibility appeared

slightly better for the measurement of LL than for the

measurement of TK. This may be due to the decreased

visibility of the thoracic spine, which can be associated

with inadequate identification or digitization of T1.

One main concern related to the use of the non-

constrained Cobb technique is the accurate identifica-

tion of the most inclined vertebra that separates the

TK and the LL. As reported by Potter et al. [14] for

coronal radiographs of scoliotic spines, manual identi-

fication of the end vertebrae can be difficult and highly

dependent on observer experience. Accordingly, they

have shown that this task can be associated with poor

inter-observer reliability (Kappa correlation coefficient

of 0.3) despite high intra-observer reliability (Kappa

correlation coefficient between 0.69 and 0.88). We

believe that this problem could have been even worse

in the current study since identification of the most

tilted vertebrae is more difficult on lateral radiographs

due to poorer visibility of anatomical landmarks. On

Table 4 Inter-observer reproducibility of the constrained and
non-constrained Cobb techniques based on intra-class correla-
tion coefficients (95% confidence interval)

Measuring technique Thoracic kyphosis Lumbar lordosis

Non-constrained Cobb 0.89 (0.80–0.94) 0.87 (0.75–0.93)
Constrained Cobb 0.84 (0.74–0.92) 0.84 (0.70–0.92)

Fig. 3 Pre- and post-operative lateral radiographs of a patient
with developmental spondylolisthesis. Pre-operatively, the
patient has a kyphotic segment that spans from T1 to T10 and
a lordotic segment from T10 to S1. Post-operatively, the kyphosis
is from T1 to T12 and the lordosis is from T12 to S1
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the contrary, our results demonstrate that observer

experience has no obvious influence on the intra-

observer reproducibility for the non-constrained Cobb

technique. In addition, we found no discrepancy

between the intra- and inter-observer reproducibility,

which is in sharp contrast with the results of Potter

et al. [14]. We believe these findings are mainly

explained by the use of a computer-assisted technique

in the present study, which ensured more accurate and

reproducible identification of the most inclined verte-

bra for the non-constrained Cobb technique. The

conventional manual technique [18, 21] can be associ-

ated with significant errors because the clinician

calculates the TK and LL based on a limit vertebra that

appears to be the most inclined vertebra that separates

the TK and LL. As suggested by Potter et al. [14],

inter-observer discrepancy with the conventional

technique is related to the ‘‘level of ambiguity’’ that

occurs when two or more vertebrae have a similar

orientation. In this situation, each clinician tends to use

his own judgment and experience to select the limit

vertebra. Each clinician will tend to reproduce his

personal method of selecting the limit vertebra,

thereby resulting in good intra-observer reproducibil-

ity. However, different clinicians will have different

methods of selecting the limit vertebra, so that the

inter-observer reproducibility can be worse. The com-

puter-assisted technique eliminates this ‘‘level of

ambiguity’’ because the user digitizes all vertebral

endplates and the software automatically calculates

their orientation with respect to a horizontal line. Since

the orientation of all vertebral endplates is provided by

the software, it becomes easy to identify the proper

limit vertebra.

Therefore, the authors strongly recommend a com-

puter-assisted technique when using the non-con-

strained Cobb technique. Although this process can be

more time-consuming than the manual method, it

provides adequate intra- and inter-observer reprodu-

cibility for the measurement of TK and LL. While all

vertebral endplates from T1 to S1 were digitized in this

study, the time required to accurately identify the most

tilted vertebra could be minimized if only a limited

number of vertebrae in the thoracolumbar segment

were digitized. The software could also be easily

implemented in order to automatically calculate the

maximal Cobb angle after the identification of the

vertebral endplates, without the need of post-process-

ing the data as in the current study. Alternatively for

those who already use a digital radiograph system

allowing on-screen angular measurements, the user

could sequentially measure the TK and LL using

different limit vertebrae (for example the three most

inclined vertebrae selected visually) in order to obtain

the maximal TK and LL values.

Conclusion

This study demonstrates that the reproducibility of the

non-constrained Cobb technique is similar to that of the

more widely used constrained Cobb technique. How-

ever, as opposed to the constrained Cobb technique,

the non-constrained Cobb technique has the important

advantage of taking into account the variability in the

level of transition between the TK and LL, thus

allowing a better evaluation of the full magnitude of

the sagittal curves of the spine. A computer-assisted

technique is however recommended when using the

non-constrained Cobb technique in order to ensure

adequate intra- and inter-observer reproducibility.
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