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Abstract

Introduction: The surface area of scars is an important outcome parameter in scar 
assessment. It is often used to quantify the extent of scar features such as pigmentation 
disturbances, hypertrophy, and contracture. Currently available techniques for measuring 
the surface area are known to be cumbersome or do not meet the basic clinimetric 
criteria (i.e., reliability and validity). Three-dimensional (3D) stereophotogrammetry is a 
technique that may improve the quality of surface area measurements. The aim of this 
study was to investigate the reliability and the validity of 3D stereophotogrammetry for 
measuring scar surface area. 

Materials and Methods: In a cross-sectional study, two independent clinicians 
photographed and measured 50 scar areas of 32 patients with a handheld stereographic 
camera, to assess the reliability. Subsequently, using planimetry, the scar surface was 
traced on a transparent sheet (considered the accepted standard) to assess validity. 

Results: 3D stereophotogrammetry showed good reliability, with an intraclass correlation 
coefficient of 0.99 and a coefficient of variation of 6.8%. To visualize the differences 
between the two observers, data were plotted and the limits of agreement were calculated 
at 0 ± 0.19 × mean	surface	area. Also, excellent validity was found with a concordance 
correlation coefficient of 0.99. 

Conclusion: This study showed that 3D stereophotogrammetry is a reliable and valid tool 
for research purposes in the field of scar surface area measurements. 

Introduction

Scars are acquired each year by millions of people, primarily because of trauma or surgical 
interventions1,2. Many scars develop abnormally. They can be characterized by different 
scar features such as an aberrant color, increased thickness, irregular surface area, and 
contraction. Accurate scar assessment permits quantification of scar evolution and is key 
to evaluating the effectiveness of applied modulating therapies and treatments3.
        
Surface area measurement enables the quantification of scar contraction and the 
percentage of the scar surface area that becomes hypertrophic or hyperpigmentated4. 
Several methods are available to perform surface area measurements. The most simple and 
commonly used technique is planimetry by manually tracing the scar on a transparent grid 
paper5,6. A more refined technique is computer-assisted planimetry, in which the manual 
tracings are scanned and transferred to a software program or traced on an electronic 
tablet7-10. Another technique is photogrammetry, which uses photographic images to 
determine the geometric properties of an object11. Moreover, stereophotogrammetry, 
based on the same principle but with the use of two or more cameras, has been found to 
be a reliable surface area measurement technique12,13.

Although useful, the above-mentioned techniques have their limitations. Tracing the 
surface of the scar, which is considered the accepted standard because of good reliability 
and validity, has its flaws mainly in feasibility11. Tracing the scar onto a transparent sheet 
may be subject to difficulty in fixating the sheet and determining the irregular boundaries 
of a scar through the transparent sheet. Furthermore, photogrammetry is not valid or 
reliable for extremely curved body parts11. Finally, traditional stereophotogrammetry, 
using two separate cameras to correct for these curvatures, is cumbersome in clinical 
practice because it is time-consuming and requires special skills4. 

Recently, the use of 3D digital stereophotogrammetry has been introduced, mainly in 
the field of craniofacial surgery and anthropometry14-17. With this technique, two or more 
digital images are obtained from several cameras at different angles and reconstructed 
in a 3D image. Measurements such as surface area can be extracted from these digital 
images. As this device is even more sizeable and therefore less applicable in daily practice, 
3D digital stereophotogrammetry, using a single device, was developed. This may be a 
feasible and practical method for measuring the surface area of scars. 

Before implementing a novel assessment tool into clinical practice, it is appropriate to 
test its clinimetric properties first. Clinimetric principles of interest are reliability and 
measurement error (to what extent does the device obtain the same value for repeated 
measurements?) and validity (does the device measure what it should measure, in this 
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case, the surface area?). These properties of 3D stereophotogrammetry for the purpose 
of measuring scar surface area have never been tested. The objective of this study was 
to assess the reliability and validity of 3D digital stereophotogrammetry in measuring the 
surface area of scars. 

Materials and Methods

Patients
Patients with scars were recruited from both the scar outpatient clinic and the general 
surgery outpatient clinic of the Red Cross Hospital, in Beverwijk, the Netherlands. Patients 
with scars that did not exceed the measuring frame of the 3D camera (diameter ≤20cm) 
were eligible and included after informed consent was obtained. According to the clinical 
research legislation, ethical approval was not necessary. The principles outlined in the 
declaration of Helsinki were followed. 

the 3D camera
For 3D stereophotogrammetry, the 3D LifeViz™ (DermaPix® software; QuantifiCare S.A., 
Sophia Antipolis, France) was used. This system is based on a high-resolution single-lens 
reflex camera (Canon, Tokyo, Japan) with a customized lens splitter and dual light pointer 
camera system of 15.1 megapixels and 39-mm lenses. Through the lens splitter, the camera 
takes one photograph consisting of two images from different angles. The incorporated 
light pointers, which converge at a distance of 60 cm, ensure that the photograph is taken 
at the appropriate distance (Figure	1). 
Photographs were taken perpendicular to the center of the scar and subsequently 
imported into the Dermapix software program, which allows the user to construct 3D 
images of the photographed surface area and to perform surface area measurements 
(Figure	2). 

Planimetry by tracing
To test validity, planimetry by tracing was used as the accepted standard for comparison. 
Because this technique has been shown to be reliable and valid for surface area 
measurements, only one observer traced the margins of the scar11. Tracing was done 
directly onto a transparent, pliable plastic sheet, which was subsequently scanned and 
measured using digital image analysis software (NIS-Elements; Nikon Instruments, Inc., 
Melville, N.Y.).

Procedure
In this study, two photographs were taken by two experienced clinicians (M.B.A. vdW. and 
C.M.S.), resulting in four photographs per scar. In addition, the scar was manually traced 

and processed as described above. After importing the photographs into the Dermapix 
software program each clinician independently performed surface area measurements of 
each photograph, resulting in eight surface area measurements per scar.

Statistical analysis
First, the interobserver reliability was calculated based on the eight measurements of two 
observers, each scoring four images per scar, made by two photographers. The reliability 
can be expressed as a ratio of variance components of a linear mixed or random model, 
and hence as an intraclass correlation coefficient (ICC). To test the interobserver ICCinter, 
the variance components of a linear random effects model were estimated, with random 

Figure 1.	A	simulated	composition	of	the	process	of	making	a	3D	photograph.

Figure 2. An	example	of	the	retrieved	photograph	(left)	and	a	processed	3D	image	(right).

60cm
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factors scars, photographers and observers completely crossed, and images nested within 
scars and photographers. Because of the skewed distribution of the measurements, data 
were log-transformed to approximate a normal distribution18. The ICCinter was defined as the 
correlation between the surface area ratings of the same scar by two observers based on 
the images obtained by different photographers19. As shown in Appendix	1.1 (see Appendix), 
the ICCinter equals the ratio of the scar variance and the total variance. Also, the coefficient of 
variation (CV) of the data on the original scale was calculated in order to express the reliability 
as the variation between measurements in relation to the mean value. A low CV represents 
a more reliable measurement than a high CV. Essentially, in case of log-transformed data, 
the same information as the CV can be displayed by a Bland and Altman plot [i.e., plotting 
the differences between pairs of measurements of the same scar (y	axis) against the mean 
of the measurements (x axis), together with the limits of agreement (LoA)]20. The LoA are 
drawn in such a way that 95% of the differences between pairs of measurements lie within 
these limits. The LoA give an indication of the absolute agreement between the observers.	
Appendix	 1.1 describes in detail the statistical method used to analyze reliability. The 
formulas for the ICCinter, the standard error of the mean, and the limits of agreement are 
given. Also, the variance estimates of all possible variance components are included in the 
Appendix,	Table	A.	Appendix	1.2	gives adjusted formulas for the standard error of the mean 
and the limits of agreement in case two observers assess the scar surface. 

Second, to analyze the validity, the scores of both the 3D stereophotogrammetry and 
planimetry by tracing were expressed on a log scale and compared using the concordance 
correlation coefficient (CCC)21. The CCC was chosen for this analysis because it reflects both 
the degree of correspondence and agreement among the two measurement techniques. 
For each of the eight measurements, the CCC was calculated, and these eight values 
were averaged. Finally, the method of inverse prediction was used to calculate a 95% 
prediction interval for the accepted standard based on one measurement (see Appendix	
2)22. The data were analyzed using SPSS 15.0 software (SPSS, Inc., Chicago, USA) and 
Mplus 6.1 (Muthén & Muthén, Los Angeles, California)23. Appendix	2	describes in detail 
the statistical method used to analyze the validity. The method of inverse prediction is 
given, as well as the formula used to calculate the limits of agreement. 

Results

Patient and scar characteristics 
Fifty scars were included from 32 consecutive patients. Patient demographics and scar 
characteristics are shown in Table	1. The mean surface area, measured using planimetry 
by tracing, of the photographed scars was 2058 mm2 (SD: 2440 mm2). 

Characteristics Value

No. of scars 50

No. of patients 32

Gender
  Male
  Female

20 (62.5%)
12 (37.5%)

Age, yr
  Mean (SD)
  Minimum
  Maximum

27 (22)
1
79

Scar type, no. of scars
 Burn
 Keloid
 Linear

38 (76%)
10 (20%)
2 (4%)

Scar location
  Head and neck
  Trunk (anterior)
  Trunk (posterior)
  Upper extremities
  Lower extremities

6 (12%)
5 (10%)
16 (32%)
15 (30%)
8 (16%)

Table 1. 	Patient	demographics	and	scar	characteristics	of	the	included	patients.

Reliability
The log-transformation resulted in an approximate normal distribution of the scores 
obtained. The ICinter was 0.99, corresponding to the correlation between surface ratings 
of the same scar, produced by two different observers based on photographs made by 
different photographers. The estimates of all variance components can be found in the 
Appendix,	 Table	 A. Because in general the intraobserver reliability is considered to be 
higher than the interobserver reliability, this parameter was not analyzed24. The CV was 
found to be 6.8%. In this study, the parameters ICC and CV indicate a high reliability. To 
illustrate the agreement, Bland and Altman plots are presented in Figure	3 (displaying 
all data) and Figure	4 (for surfaces up to 5200 mm2), in order to provide a more precise 
overview of the distribution of the data on the smaller surface areas. The limits of 
agreement were 0 ± 0.19 × mean	surface	area and are proportional to the mean, because 
of the log transformation. When the surface area is assessed by a second observer and the 
mean value of two observers is taken, the CV can be reduced to 5.9%, corresponding with 
limits of agreement of 0 ± 0.16 x mean	surface	area (Appendix	1.2).   

Validity
A CCC of 0.99 was found between measuring scar surface using 3D stereophotogrammetry 
and doing so using planimetry by tracing. The data on the validity are plotted in Figure	5, 
with the accepted standard measurement on the y axis and the values obtained by 3D 
stereophotogrammetry on the x axis. In Figure	 5, the 45-degree line represents exact 
equality of both measurements. Using the formula: 0.70 x 3D measurement1.04, an estimate 
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of an accepted standard value can be calculated from a given 3D measurement, with its 
corresponding 95% prediction interval (Figure	5) (details are presented in Appendix	2). 
The 95% prediction interval again, increases with increasing surface area.

Discussion

In the present study, we tested the reliability and validity of 3D stereophotogrammetry 
combined with Dermapix software measurements for the quantitative assessment of scar 
surface area. The reliability of 3D stereophotogrammetry, indicated by the ICC was very 
high. Typically, an ICC of 0.70 or higher is considered acceptable for research and 0.90 
to 0.95 or higher is considered acceptable for use in clinical practice25. The high ICC can 
be explained by different mechanisms. First, photographs are taken in a standardized 
way (i.e., perpendicular to the scar surface and at a distance of 60 cm). Second, tracing 
of the surface area is performed digitally, which allows the observer to carefully trace 
the area of interest, unhindered by movement of the patient, poorly illuminated patient 
rooms, or reflectance of tracing papers. Also, the software program enables the user to 
enlarge the image, so more precise tracing can be performed. The CV was found to be 
6.8%, which we consider to be an acceptable error to take into account when measuring 

Figure 3. A	Bland	and	Altman	plot,	presenting	the	interobserver	agreement	between	the	two	observers.	

Figure 4.	A	Bland	and	Altman	plot,	presenting	the	interobserver	agreement	between	the	two	observers	for	
mean	surface	areas	of	≤	5200mm2.

Figure 5.	A	plot	visualizing	the	agreement	between	3D	stereophotogrammetry	and	planimetry	by	tracing.	
The	grey	solid	line	signifies	the	expected	planimetry	value	calculated	from	a	given	3D	measurement,	using	
the	formula	G	(Gold	standard)	=	0.70	x	3Dmeasurement1.04,	with	the	accompanying	95%	prediction	interval	
(pink	lines).	The	dotted	grey	line	is	the	45°	line	which	represents	the	100%	agreement	between	the	two	
measurement	methods.	Please	note	that	the	expected	line	runs	close	to	the	45°	line.	
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the surface area. Furthermore, 3D stereophotogrammetry appeared to be a valid tool for 
scar surface area measurements. Excellent validity, as indicated by the high CCC of 0.99, 
was found for the 3D stereophotogrammetry when compared with planimetry by manual 
tracing. In other words, the two surface area measurement methods were shown to give 
comparable results. This was clearly visualized in Figure	5, in which the estimation line 
runs close to the 45-degree line. 

The LifeViz imaging system uses a portable camera, which can also be used in the 
outpatient clinic and the operating room. The measurement procedure of taking a picture, 
processing the data, and measuring the surface area takes approximately 10 minutes. 
These properties make the device extremely feasible in clinical practice. Despite these 
practical benefits, stereophotogrammetry has its limitations. Extremely curved areas, such 
as fingers, helix of the ear, or top of the nose, cannot be captured in a single measurement 
because of the angle from which the two photographs are taken. The same problem 
occurs, even in less curved body parts (e.g., the forearm), with the use of other surface 
area measurement techniques, such as planimetry by tracing or Polaroid photographs11. 
Moreover, the device is able to image only surfaces with a diameter of 20 cm or less 
because of the angle configuration and the standardized distance of 60 cm. In both cases, 
we suggest to divide the scar area in segments using a marker or by identifying distinct 
features (such as anatomical landmarks) within the scar or surrounding tissue, and taking 
multiple photographs, all perpendicular to the different scar sections. The surface area 
measurements can then be added together. 

In the past decades, many subjective and objective scar assessment tools have been 
proposed and tested for their suitability4,26,27. Currently, the most commonly used tools 
are the POSAS (the Patient and Observer Scar Assessment Scale)28-30 and the Vancouver 
Scar Scale31. These scales provide a quantitative measure of overall scar quality by 
systematically assessing typical scar characteristics, but they are less useful for the 
quantification of scar surface area. Research on techniques that assess scar surfaces 
is limited. On wounds, however, several studies have described tracing techniques to 
evaluate sizes and contraction rates. From research on area measurements of pressure 
ulcers and chronic wounds, manual tracing techniques, whether or not they were 
combined with digital planimetry, showed overall good reliability and validity8,32-34. 
Also, stereophotogrammetry was found to be reliable and valid (Pearson’s correlation 
coefficient of 0.96)13. More recently, photogrammetry using four cameras was tested for 
measuring linear distances on cadaver faces; results showed high reliability and validity 
(ICC for both was > 0.96)35. One study examined the validity of the LifeViz system for 
the purpose of measuring scar volumes and found a high association with an accepted 
standard (Pearson correlation coefficient of 0.98)36. The authors did not examine the 
reliability. Although they are useful, a drawback of the majority of these studies is that 

they are subject to methodological deficiencies, such as small numbers of inclusions, 
inappropriate use of correlation to assess validity or interrater reliability, and omission to 
quantify the agreement36,37. 

The high ICC found in our study is comparable to that of other research in this field37. This 
means that the device is extremely reliable. Note that reliability (defined as the ability to 
distinguish patients from each other despite measurement errors25) is influenced by the 
heterogeneity of the study population, since it is easier to distinguish between patients 
with heterogeneous scar surfaces than patients with almost similar scar surfaces. The 
scar surface areas varied widely in our study sample. However, our study population was 
a good representation of the population in which 3D stereophotogrammetry is going to 
be used, which means that the values of ICC and CV hold for patients as seen in clinical 
practice. 

We were also interested to consider the agreement between observers by presenting the 
limits of agreement. This additional analysis showed that although the 3D technique is 
extremely reliable, in terms of absolute agreement, there is some variation in outcomes 
between observers (LoA of 0 ± 0.19 x mean	surface	area). The absolute agreement still 
leaves room for improvement. This can be reduced when in clinical practice two observers 
perform the area measurements and use the mean value, resulting in LoA of 0 ± 0.16 
x mean	 surface	 area (see Appendix	 1.2). In clinical research, where we are interested 
in mean values of groups of patients, measurement errors are also reduced. Therefore, 
the device is more eligible for research purposes than for the individual patient follow-
up in clinical practice. In addition, the value of the CCC, expressing the validity of the 
device, is, like the ICC, dependent on the range of measurements and is expected to be 
high in heterogeneous populations. The 95% prediction interval is comparable to a Bland 
and Altman analysis and shows the absolute agreement between planimetry and 3D 
stereophotogrammetry.

Besides a thorough analysis of our results, this study aimed to advocate a more critical 
appraisal of clinimetric research in the field of reconstructive medicine. To aid future 
research initiatives that investigate clinimetric properties of a device, an appendix with 
detailed statistical information is included.  

In conclusion, we have shown that 3D stereophotogrammetry is a reliable and valid 
technique for the assessment of scar surface area in clinical research. The findings in this 
study contribute to a more evidence-based approach to scar assessment. 
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A 95% prediction interval of the ratio Yspio / Ysp’i’o’ is
2:

and backtransformation to the original scale2 yields the limits of agreement (LoA) for the 
differences  Yspio		– Ysp’i’o’

– 2Y–
	exp(1.96√2 x	SEM) – 1 

≤ Yspio	–	Ysp’i’o’	≤	2Y–
	exp(1.96√2 x	SEM) – 1

where  Y–	= (Yspio		+ Ysp’i’o’) / 2   or   LoA = 0±2Y–	 
exp(1.96√2 x	SEM) – 1	.

 

Random effect term in linear 
model

Variance 
component Estimate (x10-2)

Scars (S) Vs σ 2
S 206.528

Photographers (P) Vp σ 2
P 0.006

Scars × Photographers (SP) Vsp σ 2
SP 0.095

Images nested within S × P (I:SP) Vi:sp σ 2
I:SP 0.128

Observers (O) Vo σ 2
O 0.008

Scars × Observers (SO) Vso σ 2
SO 0.065

Photographers × Observers (PO) Vpo σ 2
PO 0.000

Scars × Photographers × Observers (SPO) Vspo σ 2
SPO 0.019

Residual εspio σ 2
E 0.141

Table A. Variance	estimates	of	all	possible	variance	components.		

1.2 two observers?
When two observers assess the scar surface the following formula can be used: 

SEM2
inter	= σ 2

P	+ σ2
SP	+ σ 2

I:SP	+ 
σ2

O	+ σ 2
SO	+ σ 2

PO	+ σ 2
SPO	+ σ 2

E		,

where all the variance components that include the observer component are divided by 
two.
To assess the limits of agreement same formula is used, with adjusted SEM values:

Appendix

1.1 Reliability
According to the design of the study, we have a linear random factor effects model with 
random factors scars (S), photographers (P) and observers (O) completely crossed, and 
images nested within S and P (I : SP). The model can be written for the naturally log-
transformed data (log Y) as

log Yspio= μ	+ vs	+ vp	+ vsp	+ vi:sp	+ vo	+ vso	+ vpo	+ vspo	+ εspio

for s = 1,…,50; p = 1,2; i = 1,…,200; o = 1,2, where μ is the fixed intercept parameter, and 
the ν-terms are the random effects identified by their subscripts, e.g., νsp are the random 
scars × photographers interaction effects. The random effects are independently normally 
distributed, with mean 0 and variance as denoted in Table	A. The variance components 
are estimated by the method of residual maximum likelihood.
 
The total variance can be decomposed as

σ2
total	= σ 2

S	+ σ2
P	+ σ 2

SP	+ σ2
I:SP	+ σ 2

P	+ σ 2
O	+ σ 2

SO	+ σ 2
PO	+ σ 2

SPO	+ σ 2
E	.

The interobserver intraclass correlation coefficient ICCinter is defined as the correlation 
between the measurements of different observers on the same scar obtained by different 
photographers1:

ICCinter = corr(log Yspio ,	logYsp’i’o’o) = 
cov(log Yspio, log Ysp’i’o’) =

 σ 2
S

The interobserver within scar variance can be shown to be  

var(log Yspio	| S ) = σ 2
total	–	σ 2

S

and the square root is called the standard error of measurement (SEM).

For measurements with an absolute zero point, the coefficient of variation (CV) is a useful 
reliability index. It can be shown2 that the CV of the measurements on the original scale 
is approximately 

CV = SEM x 100%.

var(log Yspio)           σ
2
total

p ≠ p’ ; o ≠ o’.

exp(1.96√2 x	SEM) + 1 exp(1.96√2 x	SEM) + 1

exp(1.96√2 x	SEM) + 1

exp(–1.96√2 x	SEM) ≤  
Yspio			≤ exp(1.96√2 x	SEM)
Ysp’i’o’

2      2         2        2       2

LoA = 0±2Y–	 
exp(1.96√2 x	SEM) – 1	.
exp(1.96√2 x	SEM) + 1
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2. Validity
To obtain a prediction for the accepted standard as a function of the 3D method, we 
used the method of inverse prediction3. First, each of the eight 3D measurements was 
regressed on the accepted standard, both on the log transformed scale:

log Yjs = �0 + �1 log Gs + εjs,                   j = 1,...,8; s = 1,...,50,

where Y is the 3D measurement, G the accepted standard, �0 and �1  regression parameters 
and εjs  

the errors, which are normally distributed with mean 0 and common variance σ2 . 
Using the data, the parameters  �0, �1 and σ2  can be estimated by Mplus4. 
Next, an estimate for log G is 

log Ĝ	= 
log Y –   ��0    .

Also, an approximately 95% prediction interval for log G can be calculated: 

log Y –   ��0  ± 1.96  
σ�    

.

Finally, back-transformation to the original scale yields the estimate: 

Ĝ	= Y 1/     exp (–   ��0 / ) 

and a 95% prediction interval for G:

Y 1/   exp (–   ��0 / ) exp(–1.96σ� / ) < G < Y 1/   exp (–   ��0 / ) exp(1.96σ� / )

Substituting the parameter estimates,      ��0 = 0.343,  = 0.966 and σ� = 0.144 yields

Ĝ	= Y 1.04  x 0.70 and (Y1.04 X 0.52, Y1.04 X 0.94), respectively.
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