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ABSTRACT

Background and objective
To investigate the usefulness of digital rectal examination (DRE), a cost-effective and simple way to mea-
sure prostate volume versus transrectal ultrasound (TRUS), and the gold standard method for measuring 
prostate volume.
Material and methods
From 2018 to 2019, a total of 580 patients who underwent DRE and TRUS for the initial evaluation of benign 
prostatic hyperplasia (BPH) were included in this study. DRE was performed twice at two appointments 
by a single urologist, and TRUS was performed once by a single radiologist. The patients were divided 
into seven groups according to TRUS-estimated prostate volume (A, <30 cc; B, 30–39 cc; C, 40–49 cc; 
D, 50–59 cc; E, 60–69 cc; F, 70–79 cc; G, >80 cc). We investigated the agreement between the TRUS and 
DRE measurements.
Results
There was a high percent agreement of DRE and TRUS in groups B–D (84.6, 84.1, and 79.1%, respectively). 
The highest over- and underestimations of prostate volume on DRE were 23.1 and 79.5% in groups A and 
G, respectively. In the Bland–Altman plot, the mean difference between TRUS and DRE in group A–D 
was closer to zero-line than that in groups E–G. The variability in differences between TRUS and DRE in 
groups A, B, and C was lower than that in groups D, E, F, and G.
Conclusion
DRE was accurate in measuring the prostate volume of 30~49 cc. We suggested that DRE remains a simple 
and cost-effective method for measuring prostate volume.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is the most 
common urologic disease in aging men.1,2 As the 
incidence of BPH increases with age, it is important 
for urologists to decide the most appropriate treat-
ment strategies (e.g., medication, surgical interven-
tion) for patients with BPH. Accordingly, several 
recent studies have investigated the ability of several 
factors, especially prostate volume, to predict the 
treatment outcomes of men with BPH. They demon-
strated a correlation between prostate volume and 
symptoms.3,4 In addition, a cohort study showed that 
the risk of acute urinary retention (AUR) (>30 mL) 
in men with an enlarged prostate is three times more 
than in men without an enlarged prostate. These stud-
ies concluded that prostate volume is an important 
prognostic factor for the proper treatment of BPH.5

Transrectal ultrasound (TRUS) is the most 
commonly used method for estimating prostate vol-
ume in the evaluation of BPH in the clinical setting. 
Several studies have demonstrated that prostate vol-
ume measured by planimetry in TRUS is very close 
to the actual prostate volume, making it the gold 
standard method for measuring prostate volume.6 
However, digital rectal examination (DRE) is the 
simplest way to estimate prostate volume in clini-
cal practice. DRE is still a commonly used exam-
ination technique for assessing a patient presenting 
with BPH/lower urinary tract symptoms (LUTS). 
Its use is also recommended by the latest guidelines 
from the American Urological Association and the 
European Association of Urology.7 Although there 
can be a disparity between the prostate volume mea-
sured by DRE and the actual prostate volume, many 
urologists still use DRE as a simple and cost-effec-
tive way to assess the degree of prostatic enlarge-
ment and treatment response depending on prostate 
volume in real practice.

TRUS can now be used without any financial 
burden because it is now covered by the Korean 
medical insurance system. Therefore, one of the 
advantages of DRE, cost-effectiveness, has lost its 

sheen. Here, we investigated the usefulness of DRE 
versus TRUS for estimating prostate volume.

MATERIALS AND METHODS

Data Collection
After the study was approved by the Institutional 

Review Board of the Yeungnam University Medical 
Center, a total of 580 patients who underwent DRE 
and TRUS for the initial evaluation of BPH in the 
urologic outpatient department in 2018–2019 were 
enrolled in the study. In all patients, prostate-specific 
antigen (PSA), urinalysis, and International Prostate 
Symptom Score (IPSS) were assessed. Exclusion 
criteria were anal and/or rectal abnormalities, and 
history of prostate surgery.

Prostate Volume Measurement
In eligible patients, DRE was performed twice 

by a single urologist at the first visit and at a re-visit 
approximately 3–4 days later, and the prostate 
volume measured by DRE was estimated in 5-cc 
increments. TRUS was performed once by a single 
radiologist using a Falcon 2101 ultrasound machine. 
The prostate volume assessed on TRUS was cal-
culated using the height–width–length method 
(transverse × longitudinal × anteroposterior × pi/6).

Study Design
We assessed the concordance of the prostate 

volumes on the two DRE trials and then calcu-
lated the average prostate volume estimated twice 
by DRE (mean DRE) to increase the value’s accu-
racy and precision. In addition, after dividing the 
patients into seven groups according to TRUS-
estimated prostate volume (A, <30 cc; B, 30–39 cc; 
C, 40–49 cc; D, 50–59 cc; E, 60–69 cc; F, 70–79 cc; 
G, >80 cc), we investigated the agreement between 
TRUS and DRE values of each group, including 
under- and overestimations. Because the prostate 
volume on DRE was measured in 5-cc increments, 
the agreement between TRUS and DRE was defined 
as follows: absolute values of the difference between 
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TRUS and DRE was −0.22, −0.04, 0.89, and 1.49, 
respectively, indicating that the DRE values of 
groups A, B, C, and D were more accurate than those 
of groups E, F, and G because the mean difference is 
close to the equivalency line (zero difference line). 
The variability in the difference between TRUS and 
DRE of groups A, B, and C was lower than that of 
groups D, E, F, and G, with a lower gap between 
the upper LoA and the lower LoA (10.92, 10.46, and 
10.19 in groups A, B, and C, respectively). Thus, the 
agreement between TRUS and DRE was better in 
groups B and C than in groups A, D, E, F, and G.

DISCUSSION

BPH is a progressive disease for which poor 
correlations were reported between symptoms and 
other parameters, such as prostate volume, flow 
rate, and presence of obstruction in the popula-
tion-based studies of BPH.8 In spite of this, prostate 
volume is an important parameter for the treatment 
of BPH, especially for choosing an appropriate sur-
gical modality.9,10 Men with larger baseline prostate 
volumes tend to experience greater growth.11 Hence, 
it is important to accurately measure prostate vol-
ume to adequately manage BPH in clinical practice.

As mentioned earlier, TRUS is commonly con-
sidered the gold standard method for measuring 
prostate volume.6 Alkan et al. reported strong cor-
relations between the prostate volume measured by 
TRUS and the specimens of prostatectomy or trans-
urethral resection of the prostate in 119 patients 
with BPH or prostate cancer.12 Magnetic resonance 
imaging (MRI) has also been used to estimate the 
prostate volume. Jeong et al. reported that prostate 
volume estimated by MRI was strongly correlated 
with actual prostate volume measured after rad-
ical prostatectomy.13 However, as these methods 
are time-consuming and costly for assessing the 
prostate volume, they are seldom available for ini-
tial patient evaluations.7,14 The use of TRUS can 
be limited, especially in patients without an anus, 
in the treatment of rectal cancer. In such cases, 

prostate volumes estimated using two different 
measurement methods of less than 2.5 cc.

Statistical Analysis
The statistical analysis was performed using 

SPSS v19.0 for Windows. Clinical variables, such as 
age, IPSS, PSA level, and prostate volumes using the 
two measurement methods are expressed as mean 
and standard deviation (SD). Intraclass correlation 
coefficients (ICC) were used to determine the con-
cordance of prostate volumes on the two DRE trials. 
The agreement between TRUS and DRE values for 
each group was assessed using percent agreement, 
and the Bland–Altman plot. P values < 0.05 were 
considered statistically significant.

RESULTS

The patients’ clinical characteristics, including 
age, PSA level, IPSS, and prostate volumes mea-
sured using different methods by group are shown 
in Table 1. As prostate volume increased, the mean 
values of the clinical variables, such as age, PSA 
level, IPSS, and quality of life (QoL) increased. The 
ICC between the two DRE trials (Table 2) was sta-
tistically significant in all groups (p<0.05), and the 
concordance between prostate volumes based on the 
two DRE trials was excellent in all groups except 
group A (slight, ICC≤0.2; fair, 0.2<ICC≤0.4; mod-
erate, 0.4<ICC≤0.6; good, 0.6<ICC≤0.8; and excel-
lent, ICC>0.8).

The percent agreement, overestimation, and 
underestimation of DRE versus TRUS are shown 
in Table 3 and Figure 1. There was a high percent 
agreement between DRE and TRUS in groups B, 
C, and D (84.6, 84.1, and 79.1%, respectively). The 
highest over- and underestimations of prostate vol-
ume on DRE were 23.1 and 79.5% in groups A and 
G, respectively.

The mean difference and limit of agreement 
(LoA) between TRUS and DRE by group are shown 
in the Bland–Altman plots (Figure 2, Table 4). In 
groups A, B, C, and D, the mean difference between 
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TABLE 2  Intra-rater Reliability of DRE Measures.

Groups
ICC between 1st 

DRE and 2nd DRE
(95% CI)

p-value

A (<30cc, n=78) 0.662 (0.470~0.785) <0.001
B (30~39cc, n=123) 0.875 (0.821~0.912) <0.001
C (40~49cc, n=113) 0.936 (0.908~0.956) <0.001
D (50~59cc, n=91) 0.937 (0.905~0.958) <0.001
E (60~69cc, n=68) 0.945 (0.911~0.966) <0.001
F (70~79cc, n=63) 0.902 (0.837~0.940) <0.001
G (>80cc, n=44) 0.913 (0.840~0.952) <0.001

ICC, intraclass correlation coefficient; DRE, digital rectal 
examination; CI, confidence interval.

TABLE 3  Percent Agreement, Underestimation, and Overestimation of DRE Compared with TRUS.

Groups Percent agreement (%) Underestimation (%) Overestimation (%)
A (<30cc, n=78) 53/78 (67.9%) 7/78 (9.0%) 18/78 (23.1%)
B (30~39cc, n=123) 104/123 (84.6%) 9/123 (7.3%) 10/123 (8.1%)
C (40~49cc, n=113) 95/113 (84.1%) 14/113 (12.4%) 4/113 (3.5%)
D (50~59cc, n=91) 72/91 (79.1%) 16/91 (17.6%) 3/91 (3.3%)
E (60~69cc, n=68) 28/68 (41.2%) 36/68 (52.9%) 4/68 (5.9%)
F (70~79cc, n=63) 17/63 (27.0%) 45/63 (71.4%) 1/63 (1.6%)
G (>80cc, n=44) 9/44 (20.5%) 35/44 (79.5%) 0/44 (0.0%)

DRE, digital rectal examination; TRUS, transrectal ultrasound.

transabdominal ultrasound can be used, but it is 
not very accurate. In addition, the insertion of a 
probe to perform TRUS may be uncomfortable for 
patients with BPH.7 Therefore, many investigators 
have studied the usefulness of DRE as the simplest 
way to measure the prostate volume.

In fact, there can be a disparity between the 
prostate volume measured by DRE and the actual 
prostate volume. In a study analyzing four commu-
nity-based data sources, DRE underestimated the 
enlarged prostate, especially those with volumes 
greater than 30 mL, compared with TRUS.15 Bosch 
et al. also demonstrated that DRE is only good at 
discriminating whether a prostate volume is above 
or below 50 mL.16 These studies analyzed the abil-
ity of DRE to discriminate whether prostate volume 

is above or below a specific value, such as 30, 40, 
or 50 cc.15,16 Another study used various scales to 
express the prostate volume measured by DRE, 
but not as a unit of volume.17 These results could 
help clinicians choose medical therapy, such as fin-
asteride, but it is difficult to measure the prostate 
volume on DRE, which is similar to the actual size. 
Therefore, we hypothesized that it could be helpful 
to investigate the accuracy of DRE by dividing the 
results into several groups according to the prostate 
volume. This would allow clinicians to determine 
the accurate baseline prostate volume on DRE, as 
close to the actual prostate volume as possible, for 
the evaluation of BPH, especially in patients who 
refuse to undergo TRUS or MRI due to the high cost 
and the time requirements. Therefore, we divided 
the patients into seven groups per 10 cc according to 
the prostate volume measured by TRUS and inves-
tigated the accuracy and the precision of DRE com-
pared with TRUS by group.

DRE tends to underestimate large prostates 
and overestimate small prostates. Roehrborn et al. 
demonstrated that the ratio of the posterior sur-
face area (SA) of the prostate measured by DRE 
decreases, as the prostate enlarges and specific 
areas of the posterior SA are missed by DRE.15 In 
the present study, we also found that DRE under-
estimates large prostate volumes, especially those 
above 60 cc. However, we found good agreement 
between DRE and TRUS in prostate volumes of 
30–49 cc using the percent agreement and the 
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FIGURE 1  The histogram of percent agreement, overestimation, and underestimation of DRE compared 
with TRUS. TRUS, transrectal ultrasound; DRE, digital rectal examination.

Bland–Altman plot. Several cross-sectional studies 
reported that the total prostate volume of healthy 
men aged 40–79 years is approximately 25–45 cc.18 
The mean prostate volume of patients with BPH 
was reportedly about 30–40 cc in population-based 
studies.19,20 Given that the mean prostate volume 
for Koreans is smaller than that for the Caucasians, 
our results showed that DRE is more useful as a 
method of prostate volume measurement in Korea.21 
Furthermore, the accuracy of DRE depends on 
examiner experience.22 Therefore, a more accurate 

DRE can be achieved only by urologists, unlike 
TRUS. In this study, DRE was performed by a sin-
gle, experienced urologist to increase its accuracy, 
and we assessed DRE reliability and accuracy using 
ICC to assess intraobserver reliability.17

Also, DRE is commonly performed to screen 
for prostate cancer, as well as to measure the pros-
tate volume. There are several studies that indicate 
that the prostate cancer detection rate on both PSA 
and DRE abnormality is higher than that on the 
abnormality of DRE or PSA alone.23,24 Although 
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Meanwhile, DRE is still the most cost-effective 
method for estimating the prostate volume, com-
pared with TRUS and MRI in Korea, although the 
price of TRUS is less than in the past due to the 
recent change of medical insurance in Korea (DRE, 
6201 KRW; TRUS, 57,291 KRW; MRI, 727,690 
KRW). As previously mentioned, MRI is the most 
accurate method for measuring the prostate vol-
ume, compared with DRE and TRUS.13 However, 
given its price, we thought that performing MRI 
to estimate the prostate volume for patients with 
BPH only is not viable in Korea. Thus, in compar-
ison with TRUS, DRE can be a worthy option for 
assessing the prostate volume in patients with BPH 
who refuse to undergo TRUS because they find it 
time-consuming and uncomfortable.

This study has some limitations. The sample 
size was not distributed equally between groups, 
although the overall sample sizes were sufficient. 
In addition, we did not investigate the agreements 
between DRE and TRUS in normal prostate volume 
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TABLE 4  Mean Difference between TRUS and 
DRE, and the Limit of Agreement in Bland–Altman 
Plot, as Shown in Figure 2.

Groups

Mean  
difference 

between TRUS 
and DRE±SD

The limit of 
agreement

A (<30cc, n=78) −0.22 ± 2.79 −5.68 to 5.24
B (30~39cc, n=123) −0.04 ± 2.67 −5.27 to 5.19
C (40~49cc, n=113) 0.89 ± 2.60 −4.20 to 5.99
D (50~59cc, n=91) 1.50 ± 3.31 −4.99 to 7.98
E (60~69cc, n=68) 4.00 ± 4.91 −5.63 to 13.63
F (70~79cc, n=63) 5.83 ± 4.47 −2.94 to 14.59
G (>80cc, n=44) 9.36 ± 6.12 −2.64 to 21.36

TRUS, transrectal ultrasound; DRE, digital rectal 
examination; SD, standard deviation.

we did not investigate as to whether DRE finding is 
abnormal or not in our study, we think that DRE can 
be a simple and useful method for screening prostate 
cancer as well as for measuring the prostate volume.
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below 20 cc because very few patients had a nor-
mal prostate volume. Finally, it was unknown as 
to whether patients in this study had prostate can-
cer. We suspect that there might be a difference in 
the prostate volumes measured by DRE in patients 
with prostate cancer versus those with BPH, even 
if the actual prostate volumes were the same. 
Nonetheless, this is one of the few studies that 
investigated the usefulness of DRE versus TRUS 
for measuring the prostate volume. Although one 
of the advantages of DRE, cost-effectiveness, has 
lost its sheen due to the recent changes in medi-
cal insurance in Korea, its use could be helpful 
for clinicians for assessing the prostate volume in 
patients with BPH.

CONCLUSIONS

In our study, DRE underestimated enlarged 
prostates larger than 60 cc compared with TRUS, 
but it accurately measured prostate volumes of 
30–49 cc. Although TRUS can now be used with-
out much of a financial burden in Korea, DRE is 
still considered as the simplest and the most cost-
effective method of measuring the prostate volume 
in patients with BPH in clinical practice.
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