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ABSTRACT

Objective: To determine the role of rebound tenderness in Alvarado score compared to other parameters in evaluating acute
appendicitis.

Study Design: Cross-sectional study.

Place and Duration of the Study: Surgical Emergency Unit, Combined Military Hospital, Rawalpindi Pakistan, from Jul 2021
to Jan 2022.

Methodology: All the patients aged 18-70 years suspected of acute appendicitis were consecutively enrolled. An appendec-
tomy was conducted, and an appendix specimen was sent to confirm the histopathology diagnosis. Rebound tenderness and
other Alvarado score parameters were noted. Alvarado score =7 was labelled as acute appendicitis.

Results: Of 165 patients, the mean age of the patients was 29.09 + 6.63 years. The majority of the patients were males (119,
72.1%). Rebound tenderness was observed in 93 (56.4%) patients, migration of pain in 158 (95.8%), anorexia in 140 (84.8%),
nausea/vomiting in 97 (58.8%), right lower quadrant tenderness in 54 (32.7%) cases, elevated temperature in 95 (57.6%),
leukocytosis count 210 x 103/mm? in 105 (63.6%), and neutrophil count >75% in 67 (40.6%) patients. A significantly higher
association of rebound tenderness was observed with histo pathological findings (p-value <0.001), Alvarado score of >7 (p-
value <0.001), and its other parameters (p-value <0.05). The diagnostic accuracy of rebound tenderness and Alvarado score,
taking histopathology as the gold standard, showed a sensitivity of 98.92%.

Conclusion: The study findings have shown that rebound tenderness is the most important sign of acute appendicitis
compared with other Alvarado score parameters.
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INTRODUCTION

In emergency admissions, acute appendicitis is
the most prevalent emergency condition needing sur-
gery.! Despite its common incidence and technological
advances in diagnostic modalities, acute appendicitis
is challenging to diagnose by radiological and patho-
logical investigations. The majority of the time, the
diagnosis is based on a thorough clinical history and
physical examination.? Though imaging modalities are
widely used when acute appendicitis is suspected.
However, there is a risk of excessive delay in entirely
depending on imaging modalities to confirm the
disease. Furthermore, diagnostic testing is a significant
cost burden for people with low socioeconomic status
or low budget health systems.134

Several previously published studies have also
reported false-positive appendectomy in 15-30% of
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patients who had undergone surgery, and perforation
was documented in 20%.>¢ Thus, perforation and a
negative appendectomy can be avoided with the pro-
per diagnosis. As a result, clinical research has focused
on determining the appropriate non-invasive, easy-to-
use, cost-effective diagnostic modality for acute appen-
dicitis. Several grading systems for acute appendicitis
have been proposed to achieve this goal.”8

The Alvarado score is by far the most extensively
used scoring technique that has been clinically vali-
dated for accuracy.® It assesses the presence of acute
appendicitis primarily through clinical findings and
laboratory values.? Moreover, the Alvarado score has
been demonstrated to lower the risk of negative appen-
dectomy and delay in therapy.!? Despite the high accu-
racy of the Alvarado score, there is little research on
the significance of individual components in proper
diagnosis, particularly in Pakistan. The goal of this
study was to see how the rebound tenderness compa-
res to other measures in determining the severity of
acute appendicitis.
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METHODOLOGY

The cross-sectional study was conducted at
Combined Military Hospital, Rawalpindi, Pakistan,
from July 2021 to January 2022. Ethical approval was
obtained from the IERB Board (letter no 234/12/21).
Moreover, signed informed consent was obtained from
the participants before enrolment in the study. The
sample size was calculated taking confidence level of
95%, a margin of error of 6%, reported prevalence of
rebound tenderness 74% 10, sensitivity 92.8% 10, and
specificity 32.2% 10. The estimated sample size was
155. However, a total of 165 cases were enrolled in
this study. All patients were enrolled through non-
probability consecutive sampling.

Inclusion Criteria: All the patients aged between 18
to 70 years, of either gender, presenting in the Surgical
Emergency Unit with pain in the right lower abdomen
with or without vomiting and fever, and right lower
abdominal tenderness on examination, were evaluated
with appendicitis inflammatory response score to
make a clinical diagnosis of acute appendicitis.

Exclusion Criteria: Patients with a clinical diagnosis
other than acute appendicitis, having right lower ab-
dominal pain of >1-week, uncontrolled chronic comor-
bidities such as uncontrolled diabetes, uncontrolled
hypertension, ischemic heart disease, inflammatory
bowel disease, abdominal tuberculosis, pelvic inflam-
matory disease, malignancy or patients with the pre-
vious history of abdominal surgery, radiotherapy or
chemotherapy were excluded from the study.

After taking written informed consent, appendec-
tomy was carried out under general anaesthesia, and a
specimen of the appendix was sent for histopathology
to look if histopathological findings were positive for
acute appendicitis, i.e., the appendix has acute inflam-
mation, suppuration, gangrene, perforation or nega-
tive, no inflammation.

The Alvarado score contains nine clinical/ labora-
tory parameters. These parameters include migratory
right iliac fossa pain, anorexia, nausea/vomiting, re-
bound tenderness, tenderness right iliac fossa, elevated
temperature 237.3 oC, leukocytosis = 10 x 10°/L, and
neutrophils > 75%.11

The scoring of Alvarado was also performed. The
total Alvarado score points were ten, including 1 point
for each migratory right iliac fossa pain, anorexia, nau-
sea/vomiting, rebound tenderness, elevated tempera-
ture 237.3 OC, and neutrophils >75%. Whereas 2 points
each for tenderness of right iliac fossa and leukocytosis

>10 x 10°/L. The presence of an Alvarado score of =7
was labelled as acute appendicitis.

Rebound Tenderness was elicited by applying
light pressure on the area of tenderness in the right
iliac fossa. When it becomes painful, the examining
hand is held steady for a few seconds and then briskly
removed. The test is deemed positive if the pain
increases after removing the hand.

Statistical Package for the social sciences (SPSS)
version 24 was used for data analysis. Mean and stan-
dard deviation were computed for quantitative vari-
ables like age, duration of symptoms, and Alvarado
score. Frequency and percentages were computed
for gender, migratory right iliac fossa pain, anorexia,
nausea/vomiting, rebound tenderness, tenderness
right iliac fossa, elevated temperature 237.3 oC, leuko-
cytosis 210 x 10°/L, and neutrophils 275%, Alvarado
score of =7, and histopathological finding. The com-
parison was made to see the association of rebound
tenderness with =8 Alvarado score, other parameters
of Alvarado score, and histopathological findings. Chi-
square/Fisher-Exact test were applied. The p-value
of <0.05 was considered significant. Furthermore, the
diagnostic accuracy of rebound tenderness was eval-
uated with a 27 Alvarado score and histopathological
findings. Sensitivity, specificity, positive predicted
value, negative predicted value, and overall diagnostic
accuracy were calculated.

RESULTS

Of 165 patients, the mean age of the patients was
29.09 £ 6.63 years. The majority of the patients were
males (119, 72.1%).

The frequency of the Alvarado score parameters
showed that rebound tenderness was observed in 93
(56.4%) patients, migration of pain in 158 (95.8%), ano-
rexia in 140 (84.8%), nausea/vomiting in 97 (58.8%),
right lower quadrant tenderness in 54 (32.7%), elevated
temperature (237.30C) in 95 (57.6%) patients, leukocy-
tosis count 210 x 103/mm? in 105 (63.6%) and neutro-
phil count >75% in 67 (40.6%) patients.

The mean Alvarado score value was found to
be 5.84 + m3.29. The frequency of Alvarado score 27
was observed in 100 (60.6%) patients. At the same time,
histopathological findings showed positivity in 148
(89.7%) patients.

A significantly higher association of rebound
tenderness was observed with histopathological
findings (p-value <0.001), Alvarado score >7 (p-value
p<0.001), migration of pain (p-value 0.002), anorexia
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(-value 0.026), nausea/vomiting (p-value <0.001), right
lower quadrant tenderness (p-value <0.001), elevation
of temperature 237.3% (p-value <0.001), leukocytosis
>10 x 103/mm?3 (p-value <0.001), and polymorphonu-
clear neutrophilia 275% (p-value <0.001) (Table-I).

Table-I: Comparison of rebound tenderness with histopatho-
logical findings, ALVARADO score and its other parameters
(n=165).

The diagnostic accuracy of rebound tenderness,
taking Alvarado score as the gold standard, showed
that sensitivity was 98.92%. A similar sensitivity
pattern was observed for other parameters as well
(Table-I1I).

Table-III: Rebound tenderness and other parameters

diagnostic accuracy considering ALVARADO score of >7 as
gold standard.

Alvarado Score >7

Rebound tenderness
Yes n=93 | No n=72 I p-value = & o 9 ¢ 2 >
Histopathological Findings 2 % & < 3 £3 gl = &8
Yes 92(62.2) | 56(37.8) | <0.001 2| S| TS HBE LHE
5 |l e 2282 O8S
No 1(5.9) 16 (94.1) gl 8 &7 z& B <
Alvarado Score >7
Yes 92 (92.0) 8(80) | <0.001 Rebound 9892 (8889 | 92 | 9846 | 9455
No 1 (L5) 64 (98.5) Tenderness
Alvarado Score Other Parameters Migration of Pain | 63.29 100 100 10.77 64.85
Migration of Pain 93 (58.9) 65 (41.1) 0.002 Anorexia 65.71 | 68 92 26.15 66.06
Anorexia 84 (60.0) 56 (40.0) 0.026 Nausea/Vomiting | 95.88 | 89.71 93 93.85 93.33
Nausea/Vomiting 85 (87.6) 12 (124) <0.001 Right Lower
Right Lower Quadrant 46 (85.2) 8 (14.8) <0.001 Quadrant 100 | 58.65 54 100 72.12
Tenderness Tenderness
Elevation of i 91 (95.8) 4(42) <0.001 Elevation of
Temperature 237.3°C Temperature 100 | 92.86 95 100 96.97
Leukocytosis >37.3°C
210 X100/ ne? 9287.6) | 13(124) | <0.001 e
95.24 | 100 100 92.31 96.97
Polymorphonuclear 59(881) | 8(119) | <0.001 210 x103/mm>
Neutrophilia 275% Polymorphonu-
A % - i - .
Al g‘éijef,r;ie;giﬁja’:li‘Mber (%), Chi-square test applied, p-oalue <0.05 1 * Neutrophilia| 100 |6633| 67 | 100 | 80
) 275%

The diagnostic accuracy of rebound tenderness,
taking histopathology as the gold standard, showed
that sensitivity was 98.92%. A similar sensitivity pat-
tern was observed for other parameters as well (Table-
I0).

Table-II: Rebound tenderness and other parameters diagnostic

accuracy considering histopathology findings as gold
standard.
Histopathology
Overall
Se. | Sp. | PPV | NPV |Diagnostic

Accuracy
Rebound 98.92 | 2222 | 62.16 [ 94.12 |  64.45
Tenderness
Migration of Pain 89.24 - 95.27 - 85.45
Anorexia 68 9459 | 100 95.15
Nausea/ 100 | 25 |6554| 100 | 69.09
Vomiting
Right Lower Quadrant | 14 | 1535 |3649 | 100 | 433
Tenderness
Elevation of
Temperature >37.3°C 100 |24.29 | 64.19 | 100 67.78
Leukocytosis
>10 x10°/ mm? 99.05 | 26.67 | 70.27 | 94.12 72.73
Polymorphonuclear
Neutrophilia 275% 100 | 17.35 | 45.27 | 100 50.91

Se: Sensitivity, Sp: Specificity, PPV: Positive predicted value, NPV:
Negative predicted value

The area under the curve for rebound tenderness
and other parameters in evaluating acute appendicitis
using the ALVARADO score showed higher values
for all parameters. In particular, the AUC value for
rebound tenderness was 0.952 with 95% CI 0.92-0.99
(Table-1V).

Table-IV: Area under the curve values for rebound tenderness
and other parameters in evaluation of acute appendicitis using
ALVARADO score.

Area | p-value (95% CI)
Rebound Tenderness 0.952 | <0.001 (0.92-0.99)
Migration of Pain 0.554 | 0.243 (0.46-0.65)
Anorexia 0.591 0.049 (0.50-68)
Nausea/Vomiting 0.934 | <0.001 (0.89-0.98)
Right lower quadrant 0.770 | <0.001 (0.70-0.84)
tenderness
Elevation of temperature
537 3°C 0.975 | <0.001 (0.95-1.00)
Leukocytosis 210 x103/mm3 0.962 | <0.001 (0.92-1.00)
Polymorphonuclear
neutrophilia 275% 0.835 | <0.001 (0.92-0.99)

DISCUSSION

The role of rebound tenderness in diagnosing
acute appendicitis is of utmost importance. In the

Pak Armed Forces Med ] 2022; 72 (2): 386



Rebound Tenderness

current study, rebound tenderness was an important
predictor for acute appendicitis compared with other
Alvarado score parameters. Acute appendicitis is the
most common cause of acute abdomen in people of all
ages.1112 History and physical examination are freq-
uently enough to make a diagnosis. Imaging modali-
ties are employed in suspected cases. Researchers are
focusing on non-invasive and cost-effective techniques
to diagnose acute appendicitis.3

Rebound tenderness is one of the most important
signs predicting acute appendicitis.’314 It is a discom-
fort caused by stretching or shifting the peritoneum
layer. The frequency of the Alvarado score parameters
showed that rebound tenderness was observed in
more than half of the patients, while migration of pain
and anorexia was observed in more than 80% of the
patients. In a previous study, right lower quadrant ten-
derness was the most frequent component of the Alva-
rado score, followed by rebound tenderness.’> Another
study reported that percussion tenderness, guarding,
and rebound tenderness are the most reliable clinical
findings indicating a diagnosis of acute appendicitis.
A study conducted in India also reported that rebound
tenderness is critical for ruling out complications such
as perforation or peritonitis and confirming the diag-
nosis of acute appendicitis. It is of minor importance in
diagnosing appendix perforation since the positive
predictive value is low.1”

According to the current study findings, the
frequency of Alvarado score =7 was observed in 60.6%
of patients. At the same time, histopathological fin-
dings showed positivity in 89.7% of patients. More-
over, a considerably high association of rebound tend-
erness was observed with histopathological findings,
Alvarado score 27, migration of pain, anorexia, nausea
/vomiting, right lower quadrant tenderness, the ele-
vation of temperature >37.3%, leukocytosis 210 x 103
/mm3, and polymorphonuclear neutrophilia 275%.

The diagnostic accuracy of rebound tenderness,
taking histopathology as the gold standard, showed
that sensitivity was 98.92% in the current study. A
similar sensitivity pattern was observed for other
parameters as well. As far as the diagnostic accuracy of
rebound tenderness taking Alvarado score as the gold
standard is concerned, a higher sensitivity was also
found. A similar sensitivity pattern was observed for
other parameters as well. Higher specificity of rebound
tenderness was also observed in a previous study. Ho-
wever, sensitivity was not found to be higher.’ Even in
the most experienced hands, diagnosing appendicitis

can be difficult, and it is mostly a clinical diagnosis.’819
To minimize unneeded surgery and consequences, a
thorough anamnesis and physical examination are ess-
ential.? In addition, according to Bundy et al, rebound
tenderness triples the risk of appendicitis, similar to
perforation peritonitis in certain groups of individuals
who have an appendicitis diagnosis and examination,
although its absence lessens the risk.?!

This study was important as most patients with
acute appendicitis presented with pain and muscular
rigidity in the right iliac fossa. The rebound tenderness
is one of the main components of the Alvarado score
and would likely indicate the presence of acute appen-
dicitis. Even though acute appendicitis is a common
surgical emergency, it presents a considerable diagnos-
tic challenge to young trainee surgeons, who are often
the first to detect it. It is critical not to miss a diagnosis
because the illness might lead to severe problems. It
is also critical to prevent unnecessary surgery on an
otherwise healthy appendix. Future studies are recom-
mended to preclude the findings of this study.

LIMITATIONS OF STUDY

The limitation of this study was that it was conducted
on limited sample size.

CONCLUSION

The study findings have shown that rebound
tenderness is the most important sign of acute appendicitis
compared with other Alvarado score parameters.
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