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Abstract

Background: To define a new coefficient to be used in the formula (Volume = L x H x W x Coefficient) that better
estimates prostate volume using dimensions of fresh prostates from patients who had transrectal ultrasound (TRUS)
imaging prior to prostatectomy.

Methods: The prostate was obtained from 153 patients, weighed and measured to obtain length (L), height (H),
and width (W). The density was determined by water displacement to calculate volume. TRUS data were retrieved
from patient charts. Linear regression analyses were performed to compare various prostate volume formulas,
including the commonly used ellipsoid formula and newly introduced bullet-shaped formula.

Results: By relating measured prostate volumes from fresh prostates to TRUS-estimated prostate volumes, 0.66 was
the best fitting coefficient in the (L x H x W x Coefficient) equation. This newfound coefficient combined with
outlier removal yielded a linear equation with an R2 of 0.64, compared to 0.55 and 0.60, for the ellipsoid and bullet,
respectively. By comparing each of the measured vs. estimated dimensions, we observed that the mean prostate
height and length were overestimated by 11.1 and 10.8% using ultrasound (p < 0.05), respectively, while the mean
width was similar (p > 0.05). Overall, the ellipsoid formula underestimates prostate volumes by 18%, compared to an
overestimation of 4.6 and 5.7% for the bullet formula and the formula using our coefficient, respectively.

Conclusions: This study defines, for the first time, a coefficient based on freshly resected prostates as a reference to
estimate volumes by imaging. Our findings support a bullet rather than an ellipsoid prostate shape. Moreover,
substituting the coefficient commonly used in the ellipsoid formula by our calculated coefficient in the equation
estimating prostate volume by TRUS, provides a more accurate value of the true prostate volume.
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Background
Prostate volume is an important parameter used by
clinicians to better manage patients with lower urinary
tract symptoms (LUTS) or cancer. The increase in pros-
tate volume with age is correlated with the development
of benign prostatic hyperplasia (BPH), which can poten-
tially obstruct the bladder outlet, and necessitate inter-
ventions [1]. Knowing the volume of the prostate can
help surgeons decide on pharmacological treatments or

possibly optimal surgical modalities to resect sufficient
prostatic tissue to relieve or improve LUTS. Moreover,
the prostate volume is of utility in prostate cancer detec-
tion and management as it can be used in conjunction
with serum prostatic specific antigen (PSA) to define the
PSA density, a clinically relevant parameter for decision-
making [2]. In addition, the measurement of prostatic
volume is also required in other fields such as radiation
oncology, as patients might not be deemed candidates
for brachytherapy or stereotactic body radiotherapy
(SBRT) if prostate volumes are > 60 cc and > 80 cc, re-
spectively. Hence, estimating the actual prostate volume
with accuracy is required for proper medical and surgi-
cal management of prostatic diseases as well as for abla-
tive procedures.
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Ultrasonography, and more specifically transrectal
ultrasonography (TRUS), is the most commonly used
tool to estimate prostate volume [3]. The ultrasonograph
computes the total volume by measuring the length (L),
height (H) and width (W) of the gland and multiplying
the product by a coefficient of π/6 (0.52), also known as
the prolate ellipsoid formula [4]. The same formula can
also be used in Magnetic Resonance Imaging (MRI) mo-
dalities for the estimation of prostate volume [4]. An-
other geometrical model known as the bullet formula (L
x H x W × 5π/24) or (L x H x W × 0.65) was proposed in
2009 as a potentially superior formula in estimating pros-
tatic volume [5]. Interestingly, existing studies examining
the accuracy of these methods in measuring true prostate
volume have reported conflicting evidence as to which
formula is more accurate. For instance, Lee et al. had con-
cluded that the ellipsoid formula is adequate and accurate
enough in estimating prostatic volume using either TRUS
or MRI [4]. However, Rodriguez et al. rather concluded
that the ellipsoid formula consistently underestimates
prostate size by more than 10% at least 80% of the time
[6]. Furthermore, and in support of the latter findings,
MacMahon et al. have demonstrated that the ellipsoid for-
mula, on average, underestimated prostate volume by 17%
[5].
These conflicting studies, along with the lack of com-

parison to true prostate volumes measured from fresh
prostate-based studies, prompted the present investiga-
tion aiming to determine the best possible coefficient to
be used in imaging-based volume estimation obtained
from the dimensions of fresh prostates.

Methods
Patient cohort
Radical prostatectomy was performed at the McGill
University Health Center on 153 patients with localized
prostate cancer between the ages of 44 to 76. All had
undergone standardized TRUS examination of the pros-
tate by experienced ultrasonographers prior to surgery.
Patients had signed consent forms approved by the McGill
Ethics Committee for the use of their data for research.

Prostate measurements
Within 10 min of surgical removal, each prostate was
trimmed to remove seminal vesicles and surrounding fat
tissues, weighed, and measured by two examiners with a
15 cm ruler using standard operating procedures in
Pathology to obtain the prostate dimensions, L (apex to
base), H (anterior to posterior) and W (lateral to lateral).
The prostate was subsequently inked and further proc-
essed fresh for banking and formaldehyde-fixed for
pathological examination. All parameters were measured
prospectively by the same two individuals over time.

A series of 8 fresh prostates were used in water
displacement experiments, according to Archimedes’
Principle, to determine the mean density. With this new-
found density, prostate weights were directly converted
to volumes and considered as measured volumes.
TRUS measurement data were retrieved from patient

medical files. They comprised the individual L, H, and
W dimensions as well as the estimated volume deter-
mined using the standard prolate ellipsoid formula. The
true prostate dimensions were used in relation with the
true measured volumes post-surgery in order to deter-
mine a new coefficient that best relates the two volumes.
The measured dimensions by TRUS were then incorpo-
rated in all three different formulas (ellipsoid, bullet and
our newfound formula) to compare volumes.

Statistical analyses
Multiple linear regression analyses, Bland-Altman and
box plots as well as Student t-tests were performed to
compare prostate measured volumes with estimated vol-
umes in addition to comparing the individual dimen-
sional measurements from TRUS with the ones
measured after surgical resection of the prostate. Differ-
ences were considered significant at p ≤ 0.05.

Results
Basic characteristics of freshly resected prostates
The mean prostate weight was 47.1 g, ranging from 22.2 g
to 115.9 g for the 153-patient cohort. The weight range of
the series of 8 prostates used in the water displacement
experiments, that are representative of radical prostatec-
tomy cohorts, was from 21.0 g to 82.2 g, with a mean
weight of 50.2 g and diverging from the overall cohort by
6.6%. Based on the new ISUP Grade Grouping (GG) [7]
the 8 prostates were classified as: 2 GG 1; 5 GG 2; and 1
GG 3; pT2c to pT3b; 5 to 10% tumor volume. Using
Archimedes’ Principle, we determined the density of the
average prostate to be 1.02 ± 0.01 g/cc.

Relationship between measured and estimated prostate
volumes
The estimated volume from TRUS imaging assumes an
ellipsoid geometrical shape of the prostate using the for-
mula (V = L x H x W x Coefficient). In order to identify
the best coefficient for this series of 153 fresh prostate
specimens, we used the measured prostate weight con-
verted to measured prostate volume by using 1.02 g/cc
as the density, as defined above. Thus, the mean measured
volume of our cohort was 48.1 cc (range 22.6-118.3 cc).
Measured prostate volumes along with TRUS-obtained

prostate dimensions were then used to calculate a
new coefficient from the rearranged algebraic formula:
Coefficient = V/L x H x W, where L, H and W were all
obtained by TRUS, and V is the measured prostatic

Aprikian et al. BMC Urology           (2019) 19:68 Page 2 of 8



volume of fresh prostates, obtained just after surgery, as
mentioned above. This calculation was performed for each
of the 153 prostates, which led to a calculated mean coef-
ficient of 0.66.
Linear regression plots were created in order to com-

pare the newfound coefficient of 0.66 with the ellipsoid
coefficient of 0.52. Figure 1a (solid line) shows that plot-
ting estimated prostate volumes against measured pros-
tate volumes using 0.66 as a coefficient yielded an
equation of y = 0.892x + 8.8829 with an R2 value of 0.42
(p-value = 0.043; lower 95% confidence interval/CI = 0.27
and upper 95% CI = 17.49). By performing the same ana-
lysis using 0.52 as the coefficient, the equation generated
was y = 0.5652x + 13.028 with R2 = 0.32 (Fig. 1b).
While values were relatively well fitting in the regres-

sion, outliers were observed. Bland-Altman analyses
(Fig. 2a and b) were used to keep values within 1.5
standard deviations. This type of analysis has as purpose

to assess the agreement between two quantitative
methods of measurement [8]. This resulted in 18 out of
153 (11.7%) outliers, which were consequently removed.
The new mean measured prostate volume of the updated
cohort of 135 cases was 46.2 cc (range 22.6–118.0 cc).
New regression analyses were performed with the

reduced cohort, using 0.66 and 0.52 as coefficients.
Figure 2c shows that the updated equation with 0.66 as
the coefficient was improved to y = 0.9309x + 5.6897
with an R2 of 0.64, compared to the analysis using the
ellipsoid coefficient, which yielded an equation of
0.7278x + 5.1463 and an R2 of 0.55 (Fig. 2d), thereby dem-
onstrating the superiority of 0.66 as the coefficient to bet-
ter estimate prostate volumes using TRUS dimensions.
The second step was to assess the accuracy of our coeffi-

cient compared to the bullet formula, L x H x W × 5π/24,
as proposed by MacMahon et al. [5]. In Fig. 3a, we re-
peated the same type of regression analyses using the bullet

a

b

Fig. 1 Linear regression analyses of estimated vs. measured prostate volumes using (a) the new formula with 0.66 as a coefficient and (b) the
ellipsoid formula. Solid line represents the linear regression with a constant term. Dashed line represents the linear regression passing through
the intercept
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formula for the entire cohort (n = 153; as in Fig. 1a). The
equation generated was y = 0.8784x + 8.7483 with an R2

value of 0.42. The Bland-Altman analysis was also per-
formed (Fig. 3b) as above, allowing removal of outliers,
reducing the cohort to 138 prostates. The new regression
analysis yielded an equation of y = 0.8867x + 7.1574 with
an R2 value of 0.60 (Fig. 3c), a value closer to the one
obtained in Fig. 2c using 0.66 as a coefficient, but with a
lower slope value 0.8784 for the bullet coefficient 0.65 vs.
0.9309 for the new coefficient 0.66.
Altogether these findings suggest that our prostate-de-

rived coefficient of 0.66 is more accurate than that of the
ellipsoid formula (0.52) and slightly better than the
coefficient of the bullet formula (0.65) in estimating true
prostate volume.

Comparison of measured and TRUS-estimated prostate
dimensions
The next step was to examine differences in individual
prostate dimensions according to the method used to
obtain them. We compared each dimension (L, H, W)
estimated by ultrasound prior to surgery vs. the same
respective prostate dimensions measured post-surgery
from our initial cohort of 153 patients. This comparison
is shown in Fig. 4. We observed that the mean length of
the prostate was overestimated by 10.8% using ultrasound
(4.1 cm vs. 3.7 cm) (p < 0.05). The mean height was
overestimated using TRUS by 11.1% (4.0 cm vs. 3.6 cm)
(p < 0.05). Finally, the width of the gland estimated by
TRUS was fairly similar to the measured value (4.7 cm vs.
4.8 cm) (p > 0.05).

Comparison of measured prostate volume and
TRUS – estimated prostate volume
We further examined the percent-difference in volumes
between measured and estimated volumes using the
three formulas for our primary cohort (n = 153). In com-
parison to the measured volume, the ellipsoid formula
revealed an underestimation of the volume by a mean of
8.80 cc (18%), whereas the bullet formula overestimated
prostate volumes by 1.97 cc (4.6%). Finally, when com-
paring measured prostate volumes to TRUS-estimated vo-
lumes using our new formula with 0.66 as the coefficient,
there was an overestimation by a mean of 2.76 cc (5.7%).

a

b

c

d

Fig. 2 Bland-Altman plots for outlier removal when using (a) the
new formula with 0.66 as a coefficient and (b) the ellipsoid formula.
Linear regression analyses of estimated vs. measured prostate
volumes using (c) the new formula with 0.66 as a coefficient, after
outlier removal and (d) the ellipsoid formula, after outlier removal. In
(c) and (d), solid line represents the linear regression with a constant
term. Dashed line represents the linear regression passing through
the intercept
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a

b

c

Fig. 3 Linear regression analysis of estimated vs. measured prostate volumes using the bullet formula (a) with the full cohort. b Bland-Altman
plot for outlier removal when using the bullet formula. c Linear regression analysis of estimated vs. measured prostate volumes using the bullet
formula with the updated cohort, after outlier removal. In (a) and (c), solid line represents the linear regression with a constant term. Dashed line
represents the linear regression passing through the intercept
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Prostates were next grouped by size to compare the
performance of the three coefficients in estimating pros-
tate volumes. For the 37 larger prostates with measured
volumes greater than 60 cc (mean = 76.0 cc), the volume
differences between measured vs. TRUS-calculated by
ellipsoid, bullet, or with 0.66 as the coefficient were −
22.74 cc (− 30%), − 6.07 cc (− 8%), and − 5.00 cc (− 6.6%),
respectively. Performing the same analysis for the 13
smaller prostates (< 30 cc) (mean = 26.7 cc), differences
were 3.36 cc (12.6%) for the ellipsoid, 8.6 cc (32.2%) for the
bullet, and 9.14 cc (34.2%) using 0.66 as the coefficient. For
the medium sized prostates (between 30 and 60 cc)
(mean = 42.7 cc), differences for ellipsoid, bullet, and with
0.66 as the coefficient were 5.78 cc (14%), − 3.57 cc (− 8.3%)
and − 4.31 cc (− 10%), respectively. These results suggest
that the ellipsoid formula is more conformant to smaller
prostates below 30 cc, while the bullet and our new
formula with 0.66 as the coefficient conform better to
medium- to larger-sized prostates of over 30 cc and as
observed in most patients consulting for BPH and pros-
tate cancer.

Discussion
The estimation of prostate volume is valuable for clini-
cians seeing patients with potential prostatic diseases,
helping them in both diagnosis and treatment. As such,
TRUS remains the main method applied routinely in the
clinic to assess prostate volumes. Thus far, geometrical
models were used to describe prostate shape, assuming
the gland to be a prolate ellipsoid and more recently, a
bullet. The present study is the first to prospectively use
fresh prostate specimens as a reference to define a new
coefficient of 0.66, which performed better than the uni-
versally adopted coefficient of 0.52 from the ellipsoid
formula to estimate prostate volumes. Moreover, the
new coefficient predicts a model closer to a bullet-
shaped prostate based on 0.65 as its coefficient.

Therefore, we suggest using 0.66 as the coefficient in the
eq. (V = L x H x W x Coefficient) for image-based pros-
tate volume estimation.
Among reasons in support of this proposition is that the

coefficient derived from freshly obtained and trimmed
prostates in our study is quite representative of patients
consulting clinicians in general. For instance, this cohort
was part of a larger cohort of 604 consecutive patients
with a similar age distribution (mean = 61.3 years old,
range = 44–76 years old) undergoing radical prostatec-
tomy for localized prostate cancer at our centre. Unfortu-
nately, TRUS measurement data were not available for
most patients who were often referred for surgery from
other centres. Nevertheless, all prostates were similarly
processed, and their mean weight was similar: 45.1 g
(range = 17.1 g–165.6 g). Among additional factors sup-
porting the adoption of the prostate-derived 0.66 coeffi-
cient is the fresh status of specimens, rapidly processed
and measured prospectively after excision, which is close
to the in vivo situation. Often times in other studies, mea-
surements are done after formaldehyde fixation, a process
known to affect the prostate weight and volume [9].
The comparison of the 0.66 coefficient with the

ellipsoid and bullet coefficients showed superiority of
the prostate-derived coefficient, performing better than
the universally-adopted 0.52 value and being closer to the
bullet formula using 0.65 as the coefficient. Indeed, the
equation obtained between measured and estimated pros-
tate volumes always yielded a higher slope and a better
correlation with the 0.66 coefficient over the two others,
before and after the removal of outliers. Our results are
somewhat similar to a study performed on 73 prostate
samples using the ellipsoid formula, showing an almost
identical slope value, 0.933 vs. 0.931 in the present study,
but differing by the previously reported higher R2 value of
0.847 [4]. This discrepancy may be related to cohort size
which was significantly larger in our study (n = 153 vs. 73),

Fig. 4 Box plot of individual prostate dimensions, estimated vs. measured. * p ≤ 0.05
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and was composed of a greater number of prostates with
larger volumes, 48.1 cc in our study vs. 39.2 cc in the study
done by Lee et al. As mentioned above, the average vol-
ume of the prostate in patients undergoing radical prosta-
tectomy for localized prostate cancer at our center is
approximately 50.0 cc.
Our study showed that measurements done by experi-

enced ultrasonographers using TRUS as compared to our
pathologists’ measurements by ruler on the same prostate in
the fresh setting, underestimated height (4.0 cm vs. 3.6 cm)
as well as length (4.1 cm vs. 3.7 cm), while the width was
similar in both cases (4.7 cm vs. 4.8 cm). These findings
are slightly different than that of an earlier report carried
out on 87 prostates, which indicated an underestimation
of height using TRUS vs. pathological dimensions (3.2 cm
vs. 3.7 cm), and width (4.8 cm vs. 5.2 cm) but no difference
in length [6].
Our study also demonstrated that the ellipsoid formula

underestimates prostate volume by a mean of 18% when
using TRUS imaging. The extent of underestimation of
TRUS-measured prostate volume using the ellipsoid for-
mula has been reported in a prior study to be greater
than 10% and shown to underestimate true prostate vol-
umes 80% of the time [6]. In comparison, analyses with
our coefficient in the formula (V = H x L x W × 0.66)
provides a more accurate estimate of prostate volumes
with an overestimation of 5.7%. In addition, a larger
study comparing TRUS estimation of prostate volumes
using the ellipsoid formula with 318 prostatectomy spec-
imens showed a 9.1% underestimation for prostates with
a mean volume of 37.3 cc [10]. Once more, the prostates
in the latter study were smaller than in our series, 11 cc
less than the average 48.1 cc prostates we studied. Also,
it is important to emphasize that in that study the
measurements of the prostatectomy specimens were
retrieved retrospectively from pathology reports as op-
posed to the prospective nature in our study focused on
true prostate volume determination. Furthermore, it is
unclear whether seminal vesicles were removed, mea-
surements were done on fresh vs. fixed specimens, or if
there were one or several health care professionals meas-
uring prostate dimensions and recording data. A main
limitation in all studies, including our own, is that TRUS
data for prostate dimensions and volumes were retrieved
from patient medical charts since it was part of routine
tests done in the clinic and not part of a prospective re-
search project. Finally, Scott et al. evaluated the reliability
of total prostate and transition zone volume measure-
ments by TRUS among three examiners with various
levels of experience and, as expected, found that more ex-
perienced examiners had better reproducibility [11].
Our new coefficient estimates a model closer to a bul-

let-shaped prostate, with its formula developed via ultra-
sound planimetry creating 3D images for brachytherapy

[5]. The comparison of prostate volumes using the 5π/
24 coefficient (0.65) of the bullet formula with our coef-
ficient of 0.66 supports a slightly higher accuracy with
our prostate-derived 0.66 coefficient, with a better slope
value (0.931 vs. bullet slope of 0.887) and correlation co-
efficient (R2 = 0.64 vs. 0.60 for the bullet). The bullet for-
mula was reported to yield a R2 of 0.935 when
comparing planimetry-based volumes but for smaller
prostates (mean of 29.4 cc) in a smaller sample set (60
cases) [5]. More importantly, our study is the first to val-
idate the bullet formula with prospectively measured
fresh prostate specimens.
By comparing all formulas in three different prostate vol-

ume subgroups: small (< 30 cc), medium (> 30 cc < 60 cc)
and large (> 60 cc), we observed that the ellipsoid formula
estimates measured volume better when studying smaller
prostates, while the bullet formula and our prostate-de-
rived formula using 0.66 as the coefficient better estimates
true volume in the case of medium to large prostates, as
observed in the majority of men consulting for BPH or
prostate cancer. Nevertheless, an external validation study
should be conducted in order to confirm our findings be-
fore it can be used clinically.
Although we believe that our new coefficient is better

suited for clinical use in men consulting for BPH and
prostate cancer, we appreciate and understand the chal-
lenges in changing the standard practice of the univer-
sally accepted, geometrically defined ellipsoid formula
and its coefficient of 0.52. This is highlighted by the fact
that the bullet formula and its superior coefficient of
0.65, as established in 2009, and which has been shown
to be superior to the ellipsoid formula has not been
adopted in clinical practice. The adoption of our coeffi-
cient, the first to be prostate-derived, will depend on the
diffusion of the present findings in the medical community
and its testing and applicability by specialists advocating
for the integration of our coefficient in medical devices or
equipments designed for prostate volume estimation.

Conclusions
Our prospective study on freshly obtained prostates as
the reference defines a coefficient of 0.66 to be superior
in estimating prostate volume in the eq. V = L x H x W
x Coefficient when using TRUS. This new coefficient not
only provides a more accurate estimation of true pros-
tate volumes than the universally established ellipsoid
coefficient, but also supports the suggestion that the
prostate shape is closer to that of a bullet.
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