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Digital Rectal Examination-Based Estimation 
of Prostate Volume Using Posterior Surface 
Area: A Prospective Methodological and 
Reproducibility Study

 Ahmet Halil Sevinç,  Burcu Hanci,  Fatih Tarhan

Abstract
Objective: To develop a novel, standardized, and objective method for estimating prostate 
volume using digital rectal examination (DRE) and to establish a treatment-oriented grading 
system.

Methods: A total of 330 men aged ≥45 years scheduled for prostate needle biopsy were 
prospectively analyzed (Group 1). During DRE, the width, length, and height of the poste-
rior prostate surface were measured using the examiner’s pre-measured index finger. Re-
producibility was assessed in 63 patients examined independently by two urologists (Group 
2). Posterior surface area and volume were calculated using ellipse and ellipsoid formulas. 
Prostate volume measured by transrectal ultrasonography (TRUS) served as the reference 
standard. Linear regression analyses were performed to generate prediction equations.

Results: Posterior surface area predicted TRUS-measured prostate volume more strongly than 
palpable posterior prostate volume, explaining 91% of the variance (R²=0.909, p<0.0001). No 
significant interobserver difference was observed (p=0.061), while strong correlation (r=0.733, 
p<0.0001) and high reliability were demonstrated (ICC=0.821). The proposed grading system 
showed strong agreement with TRUS-based grading (κ=0.884; 95% CI, 0.846–0.922).

Conclusions: Posterior prostate surface area measured by DRE is a reliable and reproducible 
approach for estimating prostate volume categories. Further validation of this method using 
advanced imaging techniques such as magnetic resonance imaging is recommended.

Keywords: Prostate volume; digital rectal examination; ultrasonography; prostate grading; 
posterior prostate surface area.
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Introduction

Following the medical history, a phys-
ical examination and clinical assess-

ment are essential in order to continue 
evaluating the patient, determine any 

necessary additional tests and define 
treatments. A digital rectal examination 
(DRE) can be used to assess the size, con-
sistency, tenderness and temperature of 
the prostate.

Prostate size is an important factor in de-
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termining which surgical techniques are most appro-
priate for patients. Several methods have been used to 
estimate prostate volume (PV), including DRE, ultra-
sonography (US)—either transrectal or suprapubic—
computed tomography (CT), and magnetic resonance 
imaging (MRI). Compared with DRE, transrectal ul-
trasonography provides a more accurate estimation of 
prostate weight.[1] However, MRI is the most accurate 
method for determining PV among these modalities.[2,3]

Although DRE is not very successful at determining 
prostate volume, it is the cheapest and easiest method 
to perform, and the most frequently used. However, de-
spite being an established method, it is not standardized. 
Measurement of prostate volume (PV) with DRE remains 
based on subjective, empirical information. During a 
DRE examination, the prostate is typically categorised 
into grades 1–4 based on its height above the rectum.
[4] However, there is no universally accepted terminol-
ogy for defining prostate size. Therefore, measurement 
results can vary between physicians. Previous studies 
have used ball, fruit, circle and finger sizing scales,[5-8] as 
well as three-dimensional relief models[5,6,8,9] and poste-
rior surface area,[6,10] to determine prostate volume (PV). 
The general consensus is that the accuracy of prostate 
volume estimation by DRE improves with experience.[11] 

Beyond prostate size, DRE plays a crucial role in differ-
entiating various clinical conditions by evaluating gland 
consistency, surface characteristics, tenderness, and local 
temperature changes. Characteristic physical findings 
may be observed in inflammatory conditions such as 
chronic prostatitis, chronic pelvic pain syndrome, and 
prostatic abscess, as well as in benign prostatic hyperpla-
sia and prostate cancer. These findings may also provide 
guidance for the clinical staging of prostate cancer. Fur-
thermore, muscle tenderness and trigger points can be 
assessed in patients with chronic pelvic pain. During a 
brief neurological examination of the lower urinary tract, 
anal tone, voluntary anal contraction, the anal reflex, and 
the bulbocavernosus reflex can be evaluated using DRE. 
However, the lack of standardization in DRE may lead to 
terminological and measurement-related inconsistencies 
in the interpretation of examination findings. Even in the 
era of advanced imaging technologies, we believe that an 
objective and standardized method capable of produc-
ing reproducible results in prostate assessment by DRE 
is still needed.

Therefore, the aim of this study was to develop a novel 

standardized method for evaluating prostate gland vol-
ume using DRE and to establish a treatment-oriented 
prostate volume grading system.

Materials and Methods

A total of 337 male patients aged ≥45 years who were 
referred to the biopsy unit for transrectal ultrasound–
guided prostate needle biopsy due to suspected prostate 
cancer between 1 June 2021 and 1 June 2023 were prospec-
tively enrolled (Group 1). To assess the reproducibility of 
the method, an additional 63 patients underwent digital 
rectal examination (DRE) independently performed by 
two different urologists (Group 2).

Seven patients were excluded because of active urinary 
tract infection, severe anal pain, anatomical obstruction, 
anal stricture, anal fistula, acute thrombosed hemor-
rhoids, other conditions precluding DRE, or high-riding 
prostates that could not be adequately palpated. Conse-
quently, data from a total of 330 patients were analyzed.

Approval was obtained from the institutional clinical 
ethics committee prior to study initiation. Written in-
formed consent was obtained from all participants, and 
the study was conducted in accordance with the princi-
ples of the Declaration of Helsinki.

All digital rectal examinations (DREs) in Group 1 were 
performed by a senior urologist with 30 years of clinical 
experience. Transrectal ultrasonography (TRUS) mea-
surements of prostate volume (PV) were conducted by 
another senior urologist.

In Group 2, DREs were independently performed by a 
junior urologist with 2 years of experience and a senior 
urologist with 30 years of experience. Both examiners 
were blinded to each other’s measurements.

Prior to the study, the width, length (from the fingertip to 
the distal, middle, and proximal interphalangeal joints), 
and height of the researchers’ dominant index fingers 
were measured using a ruler, as illustrated in Fig. 1. Sub-
sequently, prostate size was assessed by digital examina-
tion using four different prostate models fabricated from 
modeling clay (Fig. 1; Fig. 2).

Prior to biopsy, with the patients’ bladders emptied, the 
width, length, and height of the right and left prostate 
lobes were measured using a finger guide during digital 
rectal examination (DRE), with the patient in the bent-
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over position. Subsequently, prostate width, length, and 
height were measured by another urologist using a tran-
srectal ultrasonography probe (Mindray DP-9900 PLUS 
and Mindray 65EC10HA, Shenzhen Mindray Bio-Medi-
cal Electronics Co., Ltd., Shenzhen, China) while the pa-
tient was positioned in the lateral decubitus position.

The prostate measurements obtained by digital rectal 
examination (DRE), together with information on gland 
consistency, temperature, tenderness, and the presence 
of any additional pathologies, are presented in Table 1.

Grading of PV was performed in accordance with the 
recommendations of the European Association of Urol-
ogy (EAU) guidelines for the medical and surgical treat-
ment of benign prostatic hyperplasia, including alpha-
blocker monotherapy, combination medical therapy, and 
surgical treatments such as resection and enucleation.[12]

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 22.0 (IBM Corp., Ar-
monk, NY, USA). Prostate volume (PV) measured by 
transrectal ultrasonography and palpable posterior 
prostate volume calculated from digital rectal examina-
tion measurements were determined using the ellipsoid 
formula (π/6 × width × length × height).[3] In addition, 
posterior prostate surface area was calculated using the 
ellipse area formula (π × width/2 × length/2).[5]

Table 1. Patients’ digital rectal examination record 
table	

Dimension	 Right (cm)	 Left (cm)	 Total (cm)

Height

Width (right–left)

Length (antero-posterior)

Remarks

(b) (c)(a)

Figure 1. Three-dimensional measurements of the index finger used for digital rectal examination: (a) width, (b) length, and (c) height.

(b) (c)(a)

Figure 2. Determination of prostate dimensions by digital rectal examination using an in vitro prostate model: (a) width, (b) length, and (c) height.
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The normality of variable distributions was assessed us-
ing the D’Agostino–Pearson test. Comparisons between 
patient groups were performed using the unpaired t test.

Correlation analysis (Pearson’s correlation coefficient) 
was performed between the measurements obtained by 
digital rectal examination and those obtained by tran-
srectal ultrasonography. Among the parameters derived 
from digital measurements (width, height, length, pos-
terior surface area, and palpable posterior prostate vol-
ume), those that showed significant correlation with tran-
srectal ultrasonography findings were used to generate 
prediction formulas by linear regression analysis (Fig. 3).

Comparisons between the measurements obtained by 
the two investigators were performed using the paired t 
test. In addition, Pearson’s correlation analysis was con-
ducted to evaluate the association between the findings 
of the two investigators. Agreement between the two ob-
servers was further assessed using the intraclass correla-

tion coefficient (ICC). Agreement between prostate vol-
ume grading based on TRUS measurements and grading 
estimated from posterior surface area was evaluated us-
ing Cohen’s weighted kappa test. For all analyses, a p 
value <0.05 was considered statistically significant.

Results

The demographic and clinical characteristics of patients 
in Group 1 and Group 2 are presented in Table 2. No sta-
tistically significant differences were observed between 
the groups for any of the evaluated parameters (p>0.05).

The results of the simple linear regression analyses 
performed to evaluate the ability of posterior prostate 
surface area and posterior prostate surface volume to 
predict prostate volume measured by transrectal ultra-
sonography (TRUS) are presented in Table 3. The calcu-
lated posterior prostate surface area explained 91% of 
the total variance in TRUS-measured prostate volume 
(Equation 1), whereas the calculated posterior prostate 
surface volume explained approximately 72% (Equation 
2). As shown in Table 3, the analyses yielded statistically 
significant models for both parameters. A statistically 
significant positive association was observed between 
the calculated surface area and volume and TRUS-mea-
sured prostate volume, confirming the predictive value 
of these calculations for estimating prostate volume.

The correlation and agreement results for the calculated 
surface area and volume parameters between the inves-
tigators are presented in Table 4. No statistically signifi-
cant difference was observed between the mean values of 
either parameter (p>0.05). A strong positive correlation 
was identified between the measurements obtained by 
the two investigators (p<0.05). In addition, a high level of 
reliability was demonstrated by the intraclass correlation 
coefficient (p<0.05). (Table 4). 

Table 2. Demographic and clinical characteristics of the patient groups 

		  Group 1 (n:330)	 Group 2 (n: 63)	 p*

Age (years)	 63.57±0.48	 63.84±1.11	 0.820

BMI (kg/m²)	 27.48±0.23	 26.89±0.57	 0.315

Total PSA (ng/mL)	 47.11±8.17	 92.73±37.74	 0.067

Prostate volume by TRUS (mL)	 52.59±1.43	 58.00±3.51	 0.134

Posterior prostate surface area (cm²)	 10.71±0.39	 11.07±0.51	 0.501

Palpable posterior prostate volume (cm³)	 9.38±0.49	 10.19±1.09	 0.271

Unpaired t test BMI: Body mass index, PSA: Prostate-specific antigen, TRUS: Transrectal ultrasonography

Figure 3. Linear regression analysis between posterior prostate surface 
area and prostate volume measured by transrectal ultrasonography.
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As shown in Table 3, posterior prostate surface area 
demonstrated superior performance in predicting 
prostate volume compared with palpable posterior 
prostate volume; therefore, surface area was selected 
for prostate size grading. Estimated prostate volume 
was calculated by substituting the posterior prostate 
surface area obtained using the ellipse formula into the 
regression equation. For clinical applicability, estimated 
prostate volume values and the corresponding grading 
based on posterior prostate surface area are presented in 
Table 5.

To standardize and simplify the calculation process, an 
open-access, spreadsheet calculator was prepared. By 
entering the prostate width and length measured dur-
ing DRE in centimeters, the calculator automatically 
computes the posterior prostate surface area, estimated 
prostate volume, and the corresponding DRE-based 
grade. The calculator is available online as the Appendix.

The results of the correlation analysis between prostate 
volume grading based on posterior prostate surface area 
and grading based on TRUS-measured prostate volume 
are presented in Table 6. A strong level of agreement was 

Table 5. Grading of estimated prostate volume based on calculated posterior prostate surface area	

Grade	 Posterior prostate surface area (cm2)	 Estimated prostate volume (cm3)

X*		 -	 -

1		  ≤1.6	 ≤20

2		  1.7–5.8	 21–35

3		  5.9–18.6	 36–80

4		  ≥18.7	 ≥81

*Not evaluated.

Table 6. Agreement between posterior prostate surface area grading and TRUS prostate volume grading

Area PV (cm3)	 Grade 1	 Grade 2	 Grade 3	 Grade 4	  n (%)

Grade 1	 18	 16	 0	 0	 34 (10.3%)

Grade 2	 0	 46	 0	 0	 46 (13.9%)

Grade 3	 0	 0	 197	 0	 197 (59.7%)

Grade 4	 0	 0	 13	 40	 53 (16.1%)

 n (%)	 18 (5.5%)	 62 (18.8%)	 210 (63.6%)	 40 (12.1%)	 330

TRUS: Transrectal ultrasonography, PV: Prostate volume.

Table 3. Results of regression analyses between posterior prostate surface area, posterior prostate surface volume, and prostate volume 
measured by transrectal ultrasonography

Variables	 Equation	 β	 t	 p	 F	 R2 

Estimated PV 1	 y=14.718+(3.536 x area)	 0.953	 57.143	 <0.0001	 3265	 0.909

Estimated PV 2	 y=28.730+(2.541x volume) 	 0.857	 30.128	 <0.0001	 821.2	 0.721

PV: Prostate volume.

Table 4. Results of correlation and agreement analyses between investigators

		  Investigator 1	 Investigator 2	 P*	 r; R2	 P**	 ICC 	 P*** 

Area (cm2)	 11.07±0.51	 11.96±0.68	 0.061	 0.733; 0.537	 <0.0001	 0.821	 0.0001

Volume (cm3)	 10.19±1.09	 11.06±1.35	 0.093	 0.935; 0.874	 <0.0001	 0.954	 0.0001

Values are presented as mean ± standard error of the mean (SEM). *Paired t test; **Pearson’s correlation test; ***intraclass correlation coefficient (ICC).
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observed between the two methods (Cohen’s weighted 
kappa=0.884±0.02; 95% CI: 0.846–0.922). (Table 6).

Discussion

In the present study, posterior prostate surface area 
demonstrated superior performance compared with pal-
pable posterior prostate volume in predicting prostate 
volume measured by transrectal ultrasonography. The 
reproducibility of this method was also found to be high. 
Furthermore, prostate volume grading based on esti-
mated prostate volume derived from posterior surface 
area showed a strong correlation with prostate volume 
grading based on TRUS measurements.

In this study, acknowledging that findings obtained from 
digital rectal examination cannot directly determine the 
total prostate volume, we adopted a treatment-oriented 
grading approach based on estimated prostate volume 
calculated using a regression equation rather than at-
tempting to directly measure prostate volume.

The use of finger length as a reference during digital rec-
tal examination was previously described by Koulikov et 
al.[13] However, in their study, finger length was not used 
to estimate prostate size but rather to measure the dis-
tance between the prostate gland and the anal verge. The 
calculation of posterior prostate surface area using the 
ellipse formula based on sagittal and transverse dimen-
sions obtained by DRE has previously been reported by 
Roehrborn et al.[10] and Stone et al.[14] Roehrborn et al.[10] 
demonstrated that posterior prostate surface area corre-
lates with prostate volume measured by transrectal ul-
trasonography. Similarly, Stone et al.[14] reported a strong 
correlation between posterior prostate surface area and 
TRUS-measured prostate volume.

Although digital rectal examination remains an indis-
pensable component of prostate assessment, its use has 
been reported to be declining. In a survey conducted 
among healthcare professionals, DRE was not per-
formed in up to 20% of routine clinical practice, and 
approximately 60% of respondents reported not feeling 
sufficiently competent in performing DRE.[4] Due to in-
adequate training, lack of standardization, and the sub-
jective nature of the technique, DRE is often considered 
unreliable in clinical practice, which discourages physi-
cians from routinely performing the examination. Three 
main limiting factors for estimating prostate volume by 
DRE have been proposed in the literature: limited exam-

iner experience, prostate volumes <30 mL or >50 mL,[15,16] 
and the lack of standardization of the method.[4] Further-
more, direct assessment of the entire prostate gland by 
DRE is anatomically not possible, as only the posterior 
surface adjacent to the rectum can be evaluated.

In the literature, only a limited number of studies have 
quantitatively evaluated posterior prostate surface area 
based on findings obtained from digital rectal examina-
tion. Roehrborn et al.[6] reported that among several meth-
ods used to estimate prostate volume—including writing 
scales, rings, spheres, platforms, and three-dimensional 
models—the strongest correlation with TRUS-measured 
volume was observed with the three-dimensional model 
approach. In a study by Yanoshak et al.,[9] training with 
three-dimensional models was shown to improve the 
accuracy of prostate volume estimation by DRE. In an-
other study, Reis et al.[7] reported that each fingertip area 
during DRE corresponded to approximately 10 cm³ of 
prostate volume and that prostate volume estimation 
using this method showed a significant correlation with 
transabdominal ultrasonography measurements.

Yang et al.[8] evaluated factors affecting prostate volume 
using both digital rectal examination and ultrasono-
graphic measurements. In their study, experienced urolo-
gists estimated prostate volume using three-dimensional 
relief models composed of ball-scale or rubber models. 
Prostate volume estimates obtained by DRE were re-
ported to show a significant correlation with prostate 
volume measured by transrectal ultrasonography.

The methods previously proposed for prostate volume 
assessment by digital rectal examination are neither 
sufficiently objective nor reproducible and are difficult 
to standardize. The novel grading system proposed 
in the present study transforms palpation-based vol-
ume and posterior surface area estimation into a more 
objective and reproducible approach by relating these 
measurements to the examiner’s finger dimensions and 
introduces a treatment-oriented grading strategy. By 
supporting the examination with measurable anatom-
ical references, the proposed method reduces observer 
dependency and provides a high level of agreement re-
gardless of the examiner’s level of experience.

This study has several limitations. First, although mag-
netic resonance imaging provides more accurate assess-
ment of prostate volume, transrectal ultrasonography 
rather than MRI was used as the reference standard, 
which represents an important limitation of our study. 
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Second, the examination system proposed in this study 
was not compared with other previously described 
methods, such as ball, fruit, ring, platform, or three-di-
mensional relief model–based approaches, which consti-
tutes another limitation.

Conclusion

The examination method proposed in this study appears 
to be a standardized, reliable, and reproducible approach 
for estimating prostate volume categories. Further stud-
ies using advanced imaging techniques, such as magnetic 
resonance imaging, are required to validate the proposed 
method and grading system.

Ethics Committee Approval: Ethical approval was obtained 
from the Clinical Research Ethics Committee of Kartal Dr. Lütfi 
Kırdar City Hospital  (Date: 30/07/2024, No: 12/05/2021). 
Peer-review: Externally peer-reviewed.
Informed Consent: Written informed consent was obtained 
from all participants.
Author Contribution: Concept: A.H.S.; Design: A.H.S., 
B.H.S., F.T.; Supervision: A.H.S., B.H.S.; Fundings: F.T.; Materi-
als: F.T.; Data collection &/or processing: A.H.S., F.T.; Analysis 
and/or interpretation: A.H.S., B.H.S., F.T.; Literature search: 
B.H.S.; Writing: A.H.S.; Critical review: A.H.S., B.H.S., F.T.
Conflict of Interest: The authors declare no conflicts of in-
terest.
Funding: This research received no external funding. 
Acknowledgements: The authors thank all patients who 
participated in this study. 

References

1.	 Loeb S, Han M, Roehl KA, Antenor JA, Catalona WJ. Accuracy 
of prostate weight estimation by digital rectal examination versus 
transrectal ultrasonography. J Urol 2005;173:63–5. [CrossRef]

2.	 Bezinque A, Moriarity A, Farrell C, Peabody H, Noyes SL, Lane 
BR. Determination of prostate volume: a comparison of contem-
porary methods. Acad Radiol 2018;25:1582–7. [CrossRef]

3.	 Christie DRH, Sharpley CF. How accurately can prostate gland 
imaging measure the prostate gland volume? Results of a system-

atic review. Prostate Cancer 2019;2019:6932572. [CrossRef]

4.	 Udeh EI, Dakum NK, Aderibigbe SA, Edeh JA. The utility of dig-
ital rectal examination in estimating prostate volume in a rural 
hospital setting. Niger J Surg 2015;21:111–4. [CrossRef]

5.	 Roehrborn CG. Accurate determination of prostate size via dig-
ital rectal examination and transrectal ultrasound. Urology 
1998;51:19–22. [CrossRef]

6.	 Roehrborn CG, Sech S, Montoya J, Rhodes T, Girman CJ. Interex-
aminer reliability and validity of a three-dimensional model to 
assess prostate volume by digital rectal examination. Urology 
2001;57:1087–92. [CrossRef]

7.	 Reis LO, Simão AF, Baracat J, Denardi F, Gugliotta A. Digital rectal 
examination standardization for inexperienced hands: Teaching 
medical students. Adv Urol 2013;2013:797096. [CrossRef]

8.	 Yang TK, Chang CC, Chang HC, Yang HJ, Huang KH. Factors 
associated with bothersome lower urinary tract symptoms in 
middle-aged men receiving health checkup. Sci Rep 2019;9:901. 
[CrossRef]

9.	 Yanoshak SJ, Roehrborn CG, Girman CJ, Jaffe JS, Ginsberg PC, 
Harkaway RC. Use of a prostate model to assist in training for 
digital rectal examination. Urology 2000;55:690–3. [CrossRef]

10.	 Roehrborn CG, Girman CJ, Rhodes T, Hanson KA, Collins GN, 
Sech SM, et al. Correlation between prostate size estimated by dig-
ital rectal examination and measured by transrectal ultrasound. 
Urology 1997;49:548–57. [CrossRef]

11.	 Cheng WC, Ng FC, Chan KC, Cheung YH, Chan WL, Wong SW. 
Interobserver variation of prostatic volume estimation with dig-
ital rectal examination by urological staffs with different experi-
ences. Int Braz J Urol. 2004;30:466–71. [CrossRef]

12.	 Cornu JN, Gacci M, Hashim H, Herrmann TRW, Malde S, Netsch 
C, et al. Non-Neurogenic Male Lower Urinary Tract Symptoms 
(LUTS) EAU Guidelines. Presented at the EAU Annual Congress; 
2024 Apr; Paris, France. Arnhem (The Netherlands): EAU Guide-
lines Office.

13.	 Koulikov D, Mamber A, Fridmans A, Abu Arafeh W, Shenfeld OZ. 
Why I cannot find the prostate? Behind the subjectivity of rectal 
exam. ISRN Urol 2012;2012:456821. [CrossRef]

14.	 Stone BV, Shoag J, Halpern JA, Mittal S, Lewicki P, Golombos DM, 
et al. Prostate size, nocturia and the digital rectal examination: A 
cohort study of 30 500 men. BJU Int 2017;119:298–304. [CrossRef]

15.	 Yamamoto T, Fukuta F, Masumori N. Does digital rectal exam-
ination predict prostate volume greater than 30 mL? Int J Urol 
2017;24:373–6. [CrossRef]

16.	 Su MZ, Lenaghan D, Woo HH. Dichotomous estimation of 
prostate volume: A diagnostic study of the accuracy of the digital 
rectal examination. World J Mens Health 2013;31:220–5. [CrossRef]

https://doi.org/10.1097/01.ju.0000145883.01068.5f
https://doi.org/10.1016/j.acra.2018.03.014
https://doi.org/10.1155/2019/6932572
https://doi.org/10.4103/1117-6806.162570
https://doi.org/10.1016/S0090-4295(98)00051-X
https://doi.org/10.1016/S0090-4295(01)00965-7
https://doi.org/10.1155/2013/797096
https://doi.org/10.1038/s41598-018-37605-4
https://doi.org/10.1016/S0090-4295(99)00606-8
https://doi.org/10.1016/S0090-4295(97)00031-9
https://doi.org/10.1590/S1677-55382004000600003
https://doi.org/10.5402/2012/456821
https://doi.org/10.1111/bju.13613
https://doi.org/10.1111/iju.13328
https://doi.org/10.5534/wjmh.2013.31.3.220

