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Abstract
Background: Pelvic inflammatory disease (PID) is not a mere transient infection. PID 
can lead to chronic pain, ectopic pregnancy, and infertility. Although the Centers 
for Disease Control and Prevention have established minimum diagnostic criteria, 
including pelvic examination, the diagnostic value of pelvic tenderness has recently 
garnered controversy. Our meta- analysis aimed to confirm whether pelvic tenderness, 
cervical motion tenderness, and adnexal tenderness can help diagnose PID.
Methods: We searched for studies reporting the diagnostic test accuracy of pelvic 
tenderness, cervical motion tenderness, and adnexal tenderness among female 
patients at risk for PID, using MEDLINE, EMBASE, CENTRAL, CINAHL, Google, and 
Google Scholar through May 25th, 2022. After quality assessment using QUADAS- 2, 
we performed data synthesis using a bivariate random effect model and Bayesian 
hierarchical summary receiver operating characteristic model. We then conducted 
sensitivity analysis excluding studies with non- PID cases.
Results: The literature search produced 6769 articles. After quality assessment, 14 
studies and their 2808 participants were eligible for synthesis on pelvic tenderness. 
Laparoscopy, either alone or in combination, was the most frequent reference 
standard. The main results for pelvic tenderness sensitivity and specificity were 0.81, 
95% confidence interval (CI) [0.67– 0.90] and 0.40, 95% CI [0.25– 0.57], respectively. 
Sensitivity and specificity were 0.72, 95% CI [0.57– 0.83] and 0.50, 95% CI [0.34– 
0.66], for cervical motion tenderness, and 0.87 [0.64– 0.96] and 0.27, 95% CI [0.12– 
0.52] for adnexal tenderness, respectively.
Conclusions: Our meta- analysis suggests that pelvic tenderness assessed by pelvic 
examination may be useful for PID examination with moderate- to- high sensitivity, 
whereas clinicians should be aware of the diagnostic significance of pelvic tenderness.
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1  |  INTRODUC TION

Pelvic inflammatory disease (PID) is an inflammatory condition of 
the female upper reproductive tract, often caused by sexually trans-
mitted diseases (STDs).1 It is a syndrome including endometritis, 
salpingitis, adnexitis, oophoritis, pelvic peritonitis, pelvic cellulitis, 
and tubo- ovarian abscess.1,2 Not a mere transient infection, PID may 
cause chronic pelvic pain, infertility, and ectopic pregnancy after its 
acute stage.3 The Centers for Disease Control and Prevention (CDC) 
reports that one in eight women with a history of PID has difficulty 
getting pregnant.4 Further, many specialties handle PID, including 
gynecology, emergency, internal medicine, infectious disease, and 
family medicine. Earlier precise diagnosis allows earlier effective 
treatment, which can improve preventable reproductive morbidity.5

PID diagnosis is challenging, partially because it is a syndrome 
of multi- site inflammation of the endometrium, fallopian tubes, ova-
ries, and pelvic peritoneum.1,6 Furthermore, symptoms, severity, and 
clinical course are varied, making PID diagnosis complex, and there is 
no perfect single standard test to definitively diagnose PID.1,6 Pelvic 
tenderness has significant value in PID diagnosis. Pelvic tenderness 
allows clinicians to detect PID, which helps prevent future infertility. 
This physical examination can be conducted without difficult prepa-
ration; pelvic examinations do not need expensive devices and can 
be implemented in areas that otherwise lack sufficient access to gy-
necological care, such as developing countries or rural areas.

Under the CDC's proposed diagnostic criteria, clinicians should 
start presumptive antibiotic treatment if a sexually active woman at 
risk of STDs is suspected to have PID based on the minimum clinical 
criteria: cervical motion tenderness, or adnexal tenderness, or uterine 
tenderness.6 These three types of tenderness are components of pel-
vic tenderness, which is detected through pelvic examination, also re-
ferred to as gynecological examination, or bimanual examination. The 
extremely high sensitivity of 95% for adnexal tenderness supports 
these criteria.7 However, a recent prospective study found low sen-
sitivity (37.9%) for pelvic tenderness, and that it did not increase the 
sensitivity or specificity of diagnosis of PID or cervicitis.8 Although 
Farrukh's study included non- PID patients, this conclusion question-
ing the utility of gynecological examination has sparked discussion, 
with some clinicians reemphasizing the value of pelvic examinations.9

Therefore, our study was conducted to accurately assess the 
diagnostic value of pelvic examinations in women at risk for PID. 
There were several obstacles to conducting this meta- analysis: PID 
comprises multiple diseases, there is no established single perfect 
reference standard, and there were some inconsistencies among 
the original candidate studies eligible for meta- analysis. We thus 
implemented meta- analysis using methods intended to cope with 
these issues.

2  |  MATERIAL S AND METHODS

We registered our study protocol on PROSPERO (the International 
Prospective Register of Systematic Reviews) on March 29, 2019, 

under registration ID CRD42019122527.10 This study followed the 
PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta- Analysis) statement and its flow chart11 and DTA checklist.12 
(Table S1) Because our study is a meta- analysis, the informed con-
sent statement was not applicable.

Inclusion conditions were: (1) original studies giving sufficient 
data to fill two- by- two tables (true- positive, false- positive, true- 
negative, and false- negative) for diagnosis of acute PID and its 
related diseases; (2) clinical trials, cross- sectional, case– control, co-
hort, and diagnostic studies, which were performed to confirm PID.

Our exclusion criteria sought to minimize bias due to inappropri-
ate study design or inferior report quality.13 Studies with inappro-
priate reference standards, review studies, letters, editorials, gray 
literature, duplicate or series publications, and nonhuman studies 
were excluded. Study participants were outpatients, inpatients, and 
emergency patients suspected of PID. Additionally, PID can coexist 
with near- site infections. Cervicitis is technically not PID; however, 
we included studies whose participants potentially had both PID 
and cervicitis at the first stage of synthesis. Index tests were pelvic 
tenderness including cervical motion tenderness and adnexal ten-
derness. Considering the complexity of PID diagnosis and lack of a 
gold standard diagnostic test, our study included several kinds of 
reference standards mentioned by the CDC.6 The reference stan-
dard tests described by the CDC include: histopathologic evidence 
of endometritis on biopsy, transvaginal sonography or magnetic res-
onance imaging showing enlarged fluid- filled tubes with or without 
free pelvic fluid or tubo- ovarian complex, and PID consistent in-
flammation of the endometrium, fallopian tubes, ovaries, and pelvic 
peritoneum confirmed by laparoscopy, which were mentioned as 
specific tests for PID.2,6 We also included abnormal cervical or vag-
inal mucopurulent discharge, the presence of white blood cells on 
saline microscopy of vaginal secretions, laboratory documentation 
of a cervical infection with Neisseria gonorrhoeae or Chlamydia tra-
chomatis in urine, which were also CDC additional criteria and were 
implemented as reference standards in some studies.2,6 However, 
these reference standards alone use may cause bias. We also in-
cluded studies using a clinical method combining the above and 
other additional information including fever or laboratory tests, 
which is described by CDC to increase diagnostic certainty, i.e., sen-
sitivity and specificity6 Thus, we excluded any study that used the 
CDC minimum criteria as its only reference standard or as its primary 
reference standard, given the similarities between the index test and 
reference standard.

We performed a literature search with MEDLINE (PubMed), 
EMBASE, CINAHL, and CENTRAL, followed by a manual search 
using Google and Google Scholar covering dates up to May 25th, 
2022. (Table S2) We did not contact any authors. Research collabora-
tors carefully examined search terms, and librarians in the academic 
information center at the Jikei University School of Medicine pro-
vided support. We used a combination of PID disease terms: pelvic 
inflammatory disease, endometritis, salpingitis, adnexitis, oophori-
tis, pelvic peritonitis pelvic cellulitis, tubo- ovarian abscess, and their 
thesaurus matches; and diagnostic terms: diagnosis, examination, 
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symptom, pain, tenderness, and their thesaurus matches. Two inde-
pendent teams [HI, NS and YSa, YSu] performed the first screening. 
Considering a report that restricting search scope to English lan-
guage has little effect on outcomes in systematic reviews, we ex-
cluded languages other than English in order to allow more precise 
quality assessment.14 At the second stage, we did full text reviews. 
Original studies were selected based on the inclusion and exclusion 
criteria. Furthermore, NS judged eligible studies from the perspec-
tive of gynecology. Discrepancies of inclusion or exclusion were dis-
cussed and resolved by all authors.

We performed quality assessment of the eligible studies using 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS- 2), 
evaluating applicability and assessing risk of bias.15 At the data syn-
thesis stage, if an article did not include data for pelvic tenderness 
including pelvic examination, bimanual examination, and bimanual 
tenderness, we used cervical motion tenderness as a proxy for pelvic 
tenderness. Similarly, we used adnexal tenderness as a proxy for pel-
vic tenderness if cervical motion tenderness data were unavailable. 
For data synthesis, while there were various reference standards for 
diagnosis of PID, we defined them as the same reference standard 
because each method was mentioned by the CDC.6 For eligible stud-
ies that did not show true positive, false positive, true negative, and 
false negative rates, which are necessary for statistical synthesis, we 
calculated them based on related information such as sensitivity and 
specificity. The sensitivity and specificity values shown in Table 1 
are derived from those true positive, false positive, true negative, 
and false negative rates.

When combining the diagnostic data among the eligible studies, 
we implemented the bivariate random effect model and Bayesian 
hierarchical summary receiver operating characteristic model 
(HSROC).16,17 The bivariate random model is suitable for estimating 
summary diagnostic values, including sensitivity and specificity. On 
the contrary, the HSROC model is feasible for SROC curve estima-
tion to evaluate the test accuracy and for grasping how the curve's 
position and shape vary.18 As mentioned above, while PID can coex-
ist with cervicitis, cervicitis is technically not PID and anatomically 
may not cause adnexal or uterine tenderness. Thus, on sensitivity 
analysis, we restricted to eligible studies whose participants had 
only PID and excluded studies of patients with non- PID diseases 
such as cervicitis.

Heterogeneity was assessed descriptively, visually and with the 
I2 method.19 We refrained from statistical evaluation of publication 
biases. Data synthesis was done with Revman 5.3,20 STATA version 
13.1,21 and midas and metandi packages.19,22

3  |  RESULTS

A flow chart showing our study selection process is presented in 
Figure 1. After removing obvious duplications, there were 6769 po-
tentially eligible articles, with seven articles added through a manual 
Google and Google Scholar search. We then screened the 6776 arti-
cles using title and abstract. We excluded 6511 articles based on our 

criteria. Of the remaining 258 articles, 244 were ineligible after full 
text reviews for insufficient data, not using original data, primarily 
including cases of other diseases, or incorrect index or comparison 
of PID and control. We excluded a study whose participants were 
chronic PID including tuberculosis as inappropriate participants.23

Finally, 14 studies were eligible for quality assessment. We used 
QUADAS- 2 assessment to carefully evaluate risk of bias and appli-
cability (Figure 2). Overall, high risk proportions were less than 15% 
in all contents, and no study was excluded based on its quality: risk 
of bias and applicability. As a result, 14 studies were appropriate for 
our meta- analysis. (Table S3).

The characteristics and results of individual studies and the 
study data of pelvic tenderness synthesis are shown in Table 1. The 
14 studies were published between 1985 and 2021. Study settings 
included the United States, Zimbabwe, Pakistan, Columbia, Sweden, 
and Spain. The most common disease is PID, followed by salpin-
gitis, endometritis and cervicitis. The methodology of reference 
standard varies from sole use of laparoscopy, to urine STD test, to 
mixed method. Among these 14 studies, the ranges of mean sen-
sitivity and mean specificity for pelvic tenderness were 0.38– 1.00 
and 0.13– 0.74, respectively. (Figure S1) We performed synthesis 
using 14 studies, where the synthesis of pelvic tenderness was from 
all 14 studies; cervical motion tenderness was from 10 studies, ID 
numbers 1, 4– 6, 8– 10, and 12– 14; and adnexal tenderness was from 
10 studies, ID numbers 1, 3– 6, 8– 10, and 12– 13. The pelvic tender-
ness, cervical motion tenderness, and adnexal tenderness results are 
shown in Table 2. (Table S4).

On pelvic tenderness synthesis, the mean and 95% confidence 
interval (CI) of sensitivity and specificity were 0.81 95% CI [0.67– 
0.90] and 0.40 95% CI [0.25– 0.57], respectively. The AUC was 0.66 
95% CI [0.62– 0.70]. The I2 statistic of sensitivity and specificity were 
96.8, 95% CI [95.9– 97.7] and 95.9, 95% CI [94.6– 97.2], respectively.

The other cervical motion tenderness and adnexal tenderness 
syntheses results are shown in Table 2. Furthermore, Figure 3 above 
shows the HSROC model of pelvic tenderness, cervical motion ten-
derness, and adnexal tenderness in the main.

As shown in Table 1, the studies by Farrukh include cases of cer-
vicitis, which was not PID. We analyzed the data excluding it and 
performed synthesis again. The results are shown in Table 2 and 
Figure 3.

On sensitivity analysis, the 13 studies limited to the PID study 
(ID 1– 12, 14). The results show sensitivity and specificity of 0.83 
[0.70– 0.91] and 0.38 [0.22– 0.57], respectively. The AUC was 0.69.

4  |  DISCUSSION

Our meta- analysis implies that pelvic tenderness has moderate- high 
sensitivity, around 80%, and low specificity, at around 40%. Thus, 
pelvic examination appears to be useful for screening suspected PID 
patients, while specificity and AUC are low. Clinicians should know 
that PID cannot be conclusively excluded by the absence of pelvic 
tenderness.
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The main and additional analyses show that pelvic tenderness, 
cervical motion tenderness, and adnexal tenderness have moderate- 
high sensitivity ranging from 73% to 88%. However, all three nega-
tive likelihood ratios were around 0.4– 0.5, underscoring the fact that 
clinical usage of all three types of tenderness should be approached 
with caution. High sensitivity alone cannot be used to rule out the 
target disease; a low negative likelihood ratio can allow clinicians to 
rule out the target disease, but high sensitivity does not necessar-
ily imply a low negative likelihood ratio, as in our findings. Negative 
results on a test with a relatively high negative likelihood ratio can 
decrease posttest probability only when the pretest probability was 
low. Thus, when the pretest probability of PID is relatively high, a 
negative pelvic tenderness test cannot be used clinically to exclude 
the possibility of PID. Hence, it is conceivable that pelvic tenderness 
can aid in exclusion when PID prevalence is low, but it may not be 
otherwise useful in clinical practice.

Our results support the moderate- to- high sensitivity of pelvic 
tenderness and conflict with the extremely low sensitivity found in 
the studies by Farrukh.8 One significant reason for their reported 
low sensitivity seems to be that their studies included patients with 
cervicitis. Generally, cervicitis alone tends not to cause abdominal 
and pelvic tenderness as a symptom.24 Further, cervicitis causes 
cervical motion tenderness and adnexal tenderness at lower rates 
than PID.25 However, on the meta- synthesis, there was a concern 
that presence of cervicitis patients may strongly affect the main 
results. We therefore conducted the additional analyses excluding 
non- PID diseases, resulting in moderate- to- high sensitivity and the 
similar diagnostic values in all three examinations. (Table 2, Figure 3.) 

Furthermore, because laparoscopy alone is not a perfect gold refer-
ence standard for PID diagnosis, we conducted sensitivity analysis 
restricting to mixed methods including laparoscopy. The results of 
our sensitivity analysis support the high sensitivity of pelvic tender-
ness. However, the existence of various reference standards still re-
mains a concern.

We took various measures to cope with the unique difficulties of 
conducing a meta- synthesis of PID studies. Because PID represents 
a diverse group of diseases, we carefully conducted our literature 
search and evaluation of candidate studies. First, we obtained sup-
port from two experienced librarians to conduct a systematic liter-
ature search for PID using multiple literature search tools, including 
thesaurus matches. Second, the literature search process was con-
ducted according to the PRISMA flow chart, and we followed the 
PRISMA DTA guidelines. Furthermore, bias assessment was per-
formed with QUADAS- 2. As a result, critical bias in quality assess-
ment was not implied, and no publication bias was confirmed.

Furthermore, we employed a bivariate random effect model 
and a hierarchical summary receiver operating characteristic model, 
accounting for heterogeneity and incomplete reference standards 
to the greatest extent possible. Furthermore, the HSROC model al-
lows meta- analysis of diagnostic accuracy studies to address within-  
and between- study variability, and the HSROC model is applicable 
without a gold standard reference test.11,26,27 However, we would 
not cope with heterogeneity and imperfect standards completely. 
In general, diagnostic studies tend to have different study settings, 
leading to strong heterogeneity between studies.18 Similarly, given 
the fact that there is no established single reference standard, 

F I G U R E  1  PRISMA literature search flowchart
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multiple methods are likely to be used to confirm PID in clinical prac-
tice, suggesting strong heterogeneity within studies. There are some 
novel Bayesian methods, such as latent class analysis, which address 
imperfect reference standards.28 However, this method is not well 
established as of 2021, and managing heterogeneity remains a 
pressing obstacle to be solved.

We restricted our literature search to English language publi-
cations, which is a potential limitation of our study. While we in-
cluded 14 studies from all continents except Australia, most are from 
European countries and the United States of America. If we had in-
cluded non- English studies, additional results may have appeared. 
Next, we did not statistically evaluate publication bias and admit 
that our study selection process is biased toward selecting studies 
with positive results. Thus, our results may be overestimated.

As a meta- analysis, our study is limited by the quality of the in-
cluded studies. PID diagnosis is complex and lacks a gold standard; 
some studies used only laparoscopy as a reference standard, and 
reference standards varied among studies. Although laparoscopy 

is important in confirming the diagnosis of PID, it is not a perfect 
diagnostic gold standard; it is an invasive procedure, which can-
not confirm or exclude inapparent endometritis, endometriosis, or 
mild inflammation of the fallopian tube and may not be available in 
emergency situations. We therefore restricted the studies that im-
plemented composite methods including laparoscopy as a sensitiv-
ity analysis. Further, there were some informational gaps regarding 
study type (prospective or retrospective) and quality assessment. 
Diagnostic meta- analyses often include studies with various de-
signs, populations, and reference standards,19 and we had to accom-
modate the informational gaps as a part of our analysis.

5  |  CONCLUSION

Our meta- analysis strongly supports the moderate- to- high sensitiv-
ity and low specificity of pelvic examinations for PID, implying that 
pelvic tenderness can be useful in gynecological exams when PID or 

F I G U R E  2  QUADAS- 2 results; risk of 
bias and applicability concerns summary 
table 
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STDs are suspected among a cohort whose presumed prevalence of 
PID is low, i.e., screenings at nonemergency or regular clinic visits. 
Our study thus provides an answer to the larger question of the clini-
cal diagnostic value of pelvic examinations.
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