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Abstract

Background: Our prospective study aims to assess if penile parameters and GMS score can predict the postoperative
outcome of patients with hypospadias repaired with the TIP technique.

Methods: This prospective study included patients (6 months—11 years old) with coronal, distal or mid penile hypo-
spadias who underwent Tubularized incised plate (TIP) urethroplasty technique from 2015 to 2017. All patients were
assessed preoperatively using GMS score. GMS score included a scale for each component, with the more unfavorable
characteristics assigned higher scores. Penile length, urethral plate length, and penoscrotal length were measured
using a ruler. Glans width was measured by using a caliper ruler. Demographics and complications were assessed
within 3 months of the procedure.

Results: There was a statistically significant difference between complicated and non-complicated patients regard-
ing GMS score, glans width, penoscrotal length, penile length, and urethral plate length/penile length ratio. Accord-
ing to the ROC curve, the cutoff values for GMS score, glans width and penoscrotal length were 6, 14 mm and 5 cm,
respectively. The area under the ROC curve for penile length and for urethral plate/penile length ratio was poor and
so we could not get a specific cutoff value for either parameters. According to Stepwise logistic regression, the GMS
score was the only significant independent parameter while controlling all the other factors. Any increase in the GMS
score by one unit would increase the risk of complications 3 times.

Conclusion: GMS score and penile parameters are good predictors and complete each other in preoperative assess-
ment for hypospadias patients. Patients with a high GMS score (above 6) have a higher risk of complication and
patients with a Glans width of 14 mm or more and a penoscrotal length of 5 cm or more are associated with less risk
of complication.
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1 Background

Hypospadias is among the foremost common congeni-
tal anomalies of the genito-urinary tract, and its surgi-
cal repair remains a constructive challenge [1-3]. While
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modern repair goals are to achieve excellent hypospadias
repair outcomes, it is not that simple. Hypospadias is a
broad-spectrum anomaly. It is well known that several
factors affect the assessment and postoperative outcome.
Therefore, an objective tool should adequately assess the
entire hypospadias complex rather than just depend-
ing on a single factor as the meatal location [1, 4, 5].
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Although several validated scores now exist for assessing
cosmetic outcomes following hypospadias repairs, such
as Pediatric Penile Perception Score (PPPS), Hypospadias
Objective Scoring Evaluation (HOSE), and Hypospadias
Objective Penile Evaluation (HOPE), the need for stand-
ardized hypospadias reporting remains for proper preop-
erative evaluation [6-8].

The Glans—Urethral Meatus—Shaft (GMS) score is a
concise and reproducible way to describe hypospadias
severity preoperatively to predict the surgery outcome [1,
4].

Nonetheless, the GMS score is a subjective tool and
does not meet all the penile biometric criteria. On the
other hand, one of the most critical factors that affect the
success rate is the type of repair itself. Many techniques
offer an excellent surgical outcome, including the Tubu-
larized Incised Plate (TIP) [9, 10].

Our prospective study aims to assess if penile param-
eters and GMS score can predict the postoperative out-
come of patients with hypospadias repaired with the TIP
technique.

2 Methods

This study was conducted between January 2015 and
March 2017. We designed a prospective protocol at our
institution to apply the GMS score and to measure spe-
cific penile biometric parameters for children present-
ing with hypospadias. The study included 70 children
presenting with distal or mid penile hypospadias with no
prior history of surgical correction. Children presenting
with proximal hypospadias were excluded. We do not
give preoperative androgen stimulation to our patients.
GMS score was assigned by at least 3 of 4 surgeons. In
the GMS score, each of the three components is numeri-
cally evaluated on a scale from 1 to 4. G for glans size/
urethral plate quality, M for meatal location, and S for
the degree of shaft curvature. The more unfavorable the
parameter is, the higher it is scored [4] (Table 1).

In case of discrepancy in their opinions, the higher
scores were chosen. Penile measurements included,
Penile length (PL), which is the distance between the
symphysis pubis and tip of the penis, urethral plate length
(UPL), which is the distance between the meatal opening
and tip of the penis, penoscrotal length (PSL) which is
the distance between the tip of the penis and base of the
scrotum and glans width (GW) (Fig. 1). UPL/PL ratio was
also calculated for each patient. All measurements were
measured by using a ruler and a caliper ruler for the glans
width.

Tubularized incised plate (TIP) urethroplasty technique
was assigned to be performed for all patients included in
this study unless the surgeon decides otherwise intraop-
eratively due to technical difficulties encountered that
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Fig. 1 Penile measurements: a Vertical line is Penoscrotal length. b
Vertical line is Urethral plate length—horizontal line is Glans width

might affect surgical success. All chordee was released by
penile skin degloving and did not require further man-
agement. The technique was standardized, and the suture
material (6/0 PDS), 8—-10 Fr catheter was left for one
week, and three senior surgeons performed all surgeries.
Demographics and complications (urethrocutaneous fis-
tula, meatal stenosis, glans dehiscence, phimosis, recur-
rent chordee, and stricture) were assessed within three
months of the procedure.

2.1 Statistical methods

Preceded data were entered into the computer using the
statistical package of the social science software program,
version21 (SPSS), to be statistically analyzed. Data were
summarized using mean and SD for quantitative vari-
ables, while numbers and percentages were used for a
qualitative variable.

Comparison between quantitative variables was made
using independent T test for normally distributed vari-
ables and nonparametric Mann—Whitney test vari-
ables, which were not normally distributed. Comparison
between qualitative variables was made using the chi-
square test. ROC (receiver operator characteristic curve)
was used to determine individual variables’ best cut-
off and validity. Binary logistic regression was done to
explore the significant predictors of complication among
significant variables in the univariate analysis. A P value
less than 0.05 was considered statistically significant.
Written consent was taken from all patients included in
the study.

3 Results

Seventy patients with distal and mid penile hypospadias
were included in our prospective study. Four patients
were excluded from our study as the surgeon did not per-
form TIP repair. The repair type was changed intraoper-
atively by the surgeons, and they did not find the TIP a
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suitable technique for repair after penile skin degloving.
Surgeons preferred patients with good urethral plates
and mild chordee. All patients came for a first visit fol-
low-up at one week and later at three months, except for
complicated patients, followed up more frequently. Five
patients came for their follow-up to remove the catheter
at one week and missed their follow-up at three months.
All five patients had successful repairs at one week. We
report the results for 61 patients who met our inclusion
criteria. The age of patients ranged from 1 to 11 years. All
children did not have any previous surgical repair.

There was no statistically significant difference in age
between complicated and non-complicated cases. The
total success rate was 60.6%. Postoperative complications
occurred in 24 patients (39.4%); 15 patients (24.60%) had
a postoperative fistula; four patients (6.6%) had meatal
stenosis, four patients (6.6%) had failed hypospadias
repair, and one patient (1.6%) had recurrent chordee
(Table 2). All fistulae were closed successfully after six
months. Meatal stenosis was reported in 6.60% of the
patients, to whom the parents performed regular meatal
dilatation with the tip of a mercury thermometer twice
per day. After two weeks, patients did not need further
dilatation. Failed hypospadias repair was reported in four
patients (6.60%), and they were all scheduled for redo
surgeries. One patient (1.60%) presented with a chor-

Table 1 GMS score

Page 3 of 8

complicated and non-complicated patients regard-
ing GMS score, glans width, penile length, penoscrotal
length, and urethral plate length/penile length ratio, as
shown in Table 3.

Stepwise logistic regression was performed to assess
the impact of different factors on the likelihood that
patients would report complications. The model con-
tained six independent variables; GMS score, UPL (cm),
GW (cm), PSL (cm), PL (cm) & UP/PL ratio. While con-
trolling all the factors in the model, only the GMS score
was significant. The odds ratio was 3.23; any increase
in GMS score by one unit; the patient would have three
times the risk to develop a complication (Tables 4, 5).

Table 6 illustrates that patients with a high GMS score
(above 6) have a higher risk of complication and that
patients with a Glans width of 14 mm or more and a
penoscrotal length of 5 cm or more are associated with
less risk of complication (Figs. 2, 3, 4).

4 Discussion

Proper stratification and grading of risk factors affecting
the surgical outcome of hypospadias repair remain a point
of interest among all surgeons. Up till now, there is no uni-
versally standardized grading system for the hypospadias
complex [4]. Efforts are ongoing to develop a reliable prog-
nostic model which allows wise preoperative planning and

G Glans score

Meatus Score Shaft Score

1 Glans good size/healthy urethral plate,

deeply grooved

2 Glans adequate size/adequate urethral

plate, grooved

3 Glans small size/narrow urethral plate,

some fibrosis

4 Glans very small size/indistinct urethral

plate, very narrow or flat

Glanular No chordee

Coronal sulcus Mild (< 30°) chordee
Mid or distal shaft Moderate (30°-60°) chordee

Proximal shaft, penoscrotal Severe (>60°) chordee

dee of more than 30 degrees postoperatively, to which
repair was done after six months with dorsal plication.
There was a statistically significant difference between

Table 2 Complications

parental counseling. From that standpoint, plenty of stud-
ies tried to assess penile biometric parameters either sepa-
rately or combined for a proper description of hypospadias

N %
No complication 37 60.70
Fistula 15 24.60
Failed repair 6.60
Stenosis 6.60
Recurrent chordee 1 1.60
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ROC Curve

severity, but in the light of the absence of standardized
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grading, controversy remains. Bush NC and colleagues
conducted their study to evaluate the correlation of glans
size and urethroplasty complications after hypospadias
repair. They found that complication rates were higher in
those with glans size less than 14 mm (20/81, i.e., 25%)
versus (41/409 i.e., 10%) in patients with glans more than
14 mm, confirming our results. They also demonstrated
that each 1 mm decrease in the glans’ size increased the
odds of urethrocutaneous fistula and vice versa [11]. The
study included primary and reoperation, distal, and proxi-
mal cases and did not standardize all patients’ surgical
techniques. Along the same lines, Huang et al. investigated
the glans and urethral plate width as risk factors for post-
operative complications in hypospadias repair. They found
higher rates of complications in patients with glans width
less than 13.5 mm (12/50, i.e., 24%) versus (96/75 i.e., 8%)
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in patients with glans width more than 13.5 mm. Similarly,
they found that urethral plate width less than 3.75 mm
was significantly associated with higher complication
rates. 12/47(25%) in patients whose urethral plate width
less than 3.75 mm compared to 6/78(7.7%) in those with

urethral plate width more than 3.75 mm [12]. In contrast,
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Faasse et al. concluded that the width of the glans penis
was not an independent risk factor for glandular compli-
cation and urethroplasty after hypospadias repair. Their
study included 159 patients, 140 underwent single-stage
repair while 19 patients had a two-stage repair. However,
they did not standardize their surgical technique in all
patients. Eighty-four patients (53%) had a preoperative
local testosterone cream treatment, and had significantly
wider glans (15.5 mm) compared to the other 75 patients
who did not receive androgen stimulation (14 mm) [13].
The impact of androgen stimulation on surgery is still
controversial [14]. Moreover, the second group with rela-
tively smaller glans had a median width of 14 mm, which is
accepted in other studies as a cutoff value for a wide glans
penis. This supports that we should all use the same termi-
nology in describing the hypospadias complex by develop-
ing a standard prognostic model with clear cutoff values.

Although the GMS score provides a more detailed way
to evaluate the severity of hypospadias properly, the score
itself remains a subjective tool that depends on the sur-
geon’s point of view.

In 2013 Merriman and colleagues handled the GMS
score’s subjective aspect by judging the interobserver reli-
ability in assigning scores of each component. Also, they
assessed the GMS score correlation with postoperative

Table 3 Mean values of GMS score and penile parameters in complicated and non-complicated cases

All patients Non-complicated 37 patients Complicated 24 patients p value
Mean SD Mean SD Mean SD

Age (years) 3.29 2.60 35 29 29 2.1 0.346
GMS score (3-12)  6.16 1 58 0.8 6.8 1.0 <0.001*
Urethral plate 1.067 0.277 1.1 03 1.1 03 0462

length (cm)
Glans width (cm) 1362 0422 15 0.5 1.2 0.1 0.007*
Penoscrotal length 8.024 1.721 8.5 1.9 74 1.1 0.013*

(cm)
Penile length (cm) 4.095 1.069 43 1.2 38 0.8 0.041*
Urethral plate/ 27.1 8 24.96 +6.45 30.32 +9.11 0.017*

PENILE length**
* Significant p Value
**Ratio
GMS—Glans-Urethral Meatus-Shaft
Table 4 Stepwise logistic regression table

B p value Odd ratio 95% ClI
Lower Upper

GMS score 1174 0.003 3.234 1478 7.075
Glans width (cm) —2.928 0113 0.053 0.001 2.006
Penoscrotal length (cm) —0.548 0.085 0.578 0.31 1.078
Constant 0.223 0.954 1.249

Variables entered on the model: GMS score, urethral plate length (cm), Glans width (cm), Penoscrotal length (cm), Penile length (cm), urethral plate/penile length ratio
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Table 5 GMS Score for each patient

P G M S Score P G M S Score P G M S Score
1 2 2 2 6 25 2 2 2 6 49 1 3 1 49
2 2 3 1 6 26 3 2 2 7 50 3 3 1 50
3 2 2 1 5 27 1 2 2 5 51 2 2 2 51
4 2 3 1 6 28 2 2 2 6 52 1 3 2 52
5 2 2 2 6 29 2 3 2 7 53 1 3 1 53
6 3 2 2 7 30 2 2 1 5 54 1 3 2 54
7 2 2 1 5 31 2 2 2 6 55 1 2 2 55
8 2 2 1 5 32 2 3 1 6 56 2 3 2 56
9 2 3 2 7 33 2 2 1 5 57 1 3 2 57
10 1 2 1 4 34 3 3 1 7 58 2 3 2 58
11 2 2 1 5 35 2 2 2 6 59 3 3 1 59
12 2 2 2 6 36 2 3 1 6 60 3 3 2 60
13 3 3 2 8 37 2 2 2 6 61 2 3 2 61
14 2 3 2 7 38 3 2 1 6

15 2 2 2 6 39 2 2 1 5

16 2 3 1 6 40 2 2 1 5

17 2 2 2 6 41 2 2 1 5

18 2 2 2 6 42 2 3 1 6

19 3 3 2 8 43 3 3 2 8

20 2 3 2 7 44 3 3 2 8

21 2 2 1 5 45 3 3 2 8

22 2 2 2 6 46 2 3 1 6

23 2 3 2 7 47 2 3 2 7

24 2 3 2 7 48 1 2 1 4

P =Patient number; G=Glans; M = Meatus; S = Shaft

outcomes. The study included 85 patients; surgical tech-
niques were not the same in all patients; in 51 patients, TIP
repair was done, 19 had Thiersch-Duplay, GAP was done in
6 patients, MAGPI in 4 two-stage repairs in 4 patients [4].
They concluded that the GMS score has high inter-observer
reliability. It offers a simple, brief, and reproducible way to
describe the hypospadias complex and correlates well with
the risk of surgical complications. They also stated that the
GMS score could be considered a good starting point for

more refinements and better evaluation. The complication
rate was 5.6% for patients with a GMS score of 6 or less but
was 25.0% for patients with a GMA score greater than 6.

In 2015 Arlen et al. continued on the same track.
They concluded that there is a significant relationship
between the total GMS score and the presence of postop-
erative complications. Every unit increase in GMS scores
increased the odds of postoperative complications by
1.44 times. A significant limitation to their study was that

Table 6 (AUC) Area under the ROC curve for GMS score and penile parameters

Test result AUC (%) P value 95% interval Confidence Cutoff value Sensitivity (%)  Specificity (%)
variable(s)
GMS score 76 0.001* 0.633 0.888 6 62.5 81.1
Glans width (cm) 70.30 0.008* 0574 0.832 14 mm 87.5 56.8
Penoscrotal length 71.10 0.006* 0.581 0.841 5cm 87.5 432
(cm)
Penile length (cm) 64.90 0.051* 0.506 0.791
Urethral plate/ 68.20 0.017* 0.542 0.822

penile length
ratio
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the surgeon preference influenced the type of repair [1].
In our study, four patients were excluded from the study,
because the surgeon decided that the TIP repair is not
suitable (Tables 1, 2, 4, 5).

Da Silva EA and colleagues tried to investigate the
influence of penile biometric characteristics on the sur-
gical outcome of TIP repair of hypospadias. The preop-
erative assessment focused on glans shape, urethral plate
length and width, prepuce vascularization, and penile
size. All the patients had anterior hypospadias, all of
them were primary, and none of them received androgen
stimulation before surgery. They concluded that the glans
shape, UP width, UP length, prepuce vascularization, and
penile size have no significant effect on TIP repair’s com-
plication rate in distal hypospadias [15].

Our current study investigated the correlation of GMS
score and other penile biometric parameters with sur-
gical outcomes. We tried to avoid the limitations found
in the other studies by decreasing the variables that can
affect the surgical outcome. We agree with others that
the total GMS score, glans width, penoscrotal length,
and penile length can significantly affect postoperative
outcomes. However, the Urethral plate length was not
significant. We tried to find cutoff values for each factor
for more refinement; we found that a GMS score>6 is
associated with a higher risk for complication following
TIP repair. Also, Glans width > 14 mm and penoscrotal
length > 5 cm had lower complication rates following TIP
repair. However, we could not find cutoff value for the
rest of the parameters. We recommend that more efforts
be made to refine a standard prognostic model for better
evaluation.

One of the most critical study limitations was that the
surgeries were performed by multiple surgeons in addi-
tion to the wide bracket of age included in the study. Also
the small sample size might have affected the results.

5 Conclusion

GMS score and penile parameters are good predictors
and complete each other in preoperative assessment for
hypospadias patients. Patients with a high GMS score
(above 6) have a higher risk of complication and patients
with a Glans width of 14 mm or more and a penoscro-
tal length of 5 cm or more are associated with less risk of
complication.
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