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Objective: To evaluate whether persistence of pelvic pain after excision of endometriosis was associated with
adenomyosis as defined by a thickened uterine junctional zone (JZ) on magnetic resonance (MR) imaging.
Design: Prospective clinical trial.

Setting: Government research hospital.

Patient(s): Fifty-three women with chronic pelvic pain.

Intervention(s): Preoperative MR imaging to measure uterine JZ thickness, surgical excision, and pathologic diagnosis
of endometriosis. Those with biopsy-proven endometriosis were randomized to raloxifene or placebo. Visual analog
scale (VAS) was used to rate dysmenorrhea and nonmenstrual pain severity before surgery and 3 months later.
Main Outcome Measure(s): Comparison of JZ thickness and pain severity before and 3 months after surgery in
women with endometriosis controlling for medical treatment.

Resuli(s): Forty of the 53 patients had biopsy-proven endometriosis, and 6 of these 40 women with endometriosis
had a thickened JZ. Overall, dysmenorrhea at 3 months was positively correlated with preoperative JZ thickness
(r = 0.47, P=.01). Dysmenorrhea pain severity showed no significant decrease in those patients whose JZ
measured =11 mm compared with those with JZ <8 mm (P<<.0001; VAS decreased 4.3 = 0.6), or =8 and <11
mm (P<<.02; VAS decreased 4.8 = 1.3). Nonmenstrual pain severity was correlated with JZ thickness (r = 0.51,
P=.004) at 3 months with a significant decrease in nonmenstrual pain only in women with a JZ <8 mm (VAS
decreased 4.0 = 0.7, P<<.0001). The association between dysmenorrhea and nonmenstrual pain reduction and
thinner JZ remained after controlling for medical treatment.

Conclusion(s): Following surgical excision of endometriosis, chronic pelvic pain was significantly more likely to
persist with JZ thickness >11mm on preoperative MR imaging. This suggests that myometrial JZ abnormalities
or adenomyosis may contribute to chronic pelvic pain in women with endometriosis. (Fertil Steril® 2006;86:
711-5. ©2006 by American Society for Reproductive Medicine.)
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Women with chronic pelvic pain present a diagnostic and
therapeutic challenge. Chronic pelvic pain affects between
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4% and 39% of women (1-3) and accounts for 10%—40% of
all outpatient gynecologic visits (4). A quarter of women
with chronic pelvic pain miss nearly 15 h of work per month,
which accounts for a $14 billion loss in productivity per year
(5, 6). The estimated combined cost of chronic pelvic pain
owing to loss of productivity, diagnosis, medical, and sur-
gical treatment is $39 billion per year (5, 6).

Endometriosis and adenomyosis are two commonly rec-
ognized causes of chronic pelvic pain. Endometriosis is
symptomatic in 6%—10% of women in the general popula-
tion (7-9) whereas adenomyosis has been diagnosed in
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8%—40% of women in unselected hysterectomy popula-
tions (10—15). Because both endometriosis and adenomy-
osis are caused by ectopic growth of endometriotic glands
and stroma outside the endometrium, these disorders may
coexist in up to 40% of patients (16). Thus, pelvic pain
that is not responsive to surgical excision of endometrio-
sis may be due to adenomyosis and may be difficult to
treat without hysterectomy.

Adenomyosis is usually diagnosed by histologic evalua-
tion of a hysterectomy specimen showing invasion of endo-
metrial tissue into the myometrium. The smooth muscle
bundles of the innermost myometrial layer are primarily
parallel to the endometrium (17), and are comprised of
closely packed muscle cells with an increased nuclear area
and decreased intracellular matrix and water content (18).
This junctional zone (JZ) has a different appearance on
T2-weighted magnetic resonance (MR) imaging (19) and
ultrasound from the rest of the myometrium. Thus, thicken-
ing of the JZ on these modalities appears to correlate well
with the histologic diagnosis. As a result, ultrasound or MR
imaging may aid in the nonsurgical diagnosis of adenomy-
osis, with MR imaging having a 78%—88% sensitivity and a
67%-93% specificity (15, 20-23).

In addition to a thickened JZ, the signs of adenomyosis on
MR imaging include poor definition of the JZ borders, rel-
ative thickening of the JZ in a localized area, or the presence

of high-signal foci within an area of low signal on T2-
weighted sequences, which may represent cystically dilated
endometrial glands, hemorrhage, or ectopic endometrium
(23-25). Without an interpretation considering these subtle-
ties, Reinhold et al. (23, 26) suggest that a JZ thickness =12
mm is significantly correlated with the accurate histologic
diagnosis of adenomyosis whereas <§ mm is not.

In the present study, we hypothesized that women with
chronic pelvic pain and histologically proven endometriosis
also may have adenomyosis as diagnosed by a thickened JZ
detected by MR imaging. We hypothesized that those
women with adenomyosis would continue to have menstrual
and nonmenstrual pain following the surgical excision of
endometriosis.

MATERIALS AND METHODS

Fifty-three reproductive-aged women with chronic pelvic pain
were enrolled consecutively in a prospective clinical trial that
combined laparoscopic surgical excision of adhesions and en-
dometriosis lesions with postoperative medical treatment. The
Institutional Review Board of the National Institute of Child
Health and Human Development approved the study. All
women had a T2-weighted MR imaging scan before surgery to
evaluate its potential in diagnosing endometriosis (27). The
uterine JZ thickness was measured and classified into three
categories: <8 mm, =8 to <11 mm, and =11 mm. For this

TABLE 1

Patient characteristics.
JZ Thickness Category
<8 mm >8 to <11 mm >11 mm
Characteristic (n = 38) (n=29) (n = 6)
Age?® (years) (mean + SE) 30.9 = 1.1 33.8 6.4 39.8 = 3.5
BMI (mean = SE) 272 +1.0 25.6 + 2.0 228+ 1.5
Gravida® (mean + SE) 0.8 0.2 0.9 +0.4 2.7 1.1
Parity® (mean + SE) 0.4 = 0.1 0.7 = 0.3 1.7 £ 0.7
Duration of pelvic pain (y) (mean = SE) 11.1+x1.2 10.2 £ 2.6 11.2+54
History of surgically diagnosed endometriosis, n (%) 26 (68.4) 8 (88.9) 5(83.3)
Race, n (%)
Black 5(13.2) 2 (22.2) 2(33.3)
White 31 (81.6) 5 (55.6) 4 (66.7)
Hispanic 2 (5.3) 1(11.1) 0(0)
Asian 0(0) 1(11.1) 0(0)
Endometriosis stage, n (%)
0 6 (15.8) 1(11.1) 0(0)
I 11 (29.0) 2 (22.2) 3(50.0)
Il 12 (31.6) 3 (33.3) 2 (33.3)
11l 5(13.2) 1(11.1) 1(16.7)
v 4(10.5) 2 (22.2) 0(0)
a2 p<.05
Parker. Pelvic pain after surgery may be adenomyosis. Fertil Steril 2006.
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FIGURE 1

T2-weighted magnetic resonance images.

(A) Sagittal T2-weighted MR image showing a
retroverted uterus with a thick JZ with ill defined
margins (arrow) consistent with adenomyosis.
(B) Sagittal T2-weighted MR image of uterus
showing an anteverted uterus with a normal low-
signal-intensity JZ (arrow).

Parker. Pelvic pain after surgery may be adenomyosis. Fertil Steril 2006.

study, we considered a JZ thickness of =11 mm to be abnor-
mal, because the radiographic abnormalities usually correlated
with histologic confirmation of adenomyosis (26).

Surgeries used identical surgical techniques, in that all pos-
sible endometriosis lesions and endometriomas were excised
using a contact neodinium-yttrium argon garnet laser and were
sent for pathologic interpretation; adhesions were also lysed
(27). Surgical findings were recorded at the time of surgery and
categorized using the American Society of Reproductive Med-
icine (ASRM) classification system (28). The diagnosis of
endometriosis was made if endometriosis was confirmed on at
least one biopsy. Two to three weeks after surgery, only those
with biopsy-proven endometriosis were randomized to 180 mg
raloxifene or placebo, which was continued for 6 months.

Before surgery, all subjects were asked to rate dysmenorrhea
and nonmenstrual pain severity by using a visual analog scale
(VAS) from 0 (no pain) to 10 (most intense pain). Pain was
reevaluated at 3 months only in those with endometriosis by
repeating the VAS for dysmenorrhea and nonmenstrual pain.

Statistical Analysis

Frequency distributions describing demographic characteristics,
history of surgical diagnosis of endometriosis and endometrio-
sis stage at surgery for each JZ thickness group were compared
by analysis of variance (ANOVA) or x* tests depending on the
type of variable. Paired # tests and repeated measures ANOVA
were used to determine the relationship between each endome-
triosis patient’s baseline and 3-month postoperative pain sever-
ity and her corresponding JZ thickness. Comparisons of JZ
thickness and pain severity at baseline and at 3 months after
surgery in those with endometriosis were determined by Pear-
son correlations. Repeated measures ANOVA was used to
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control for the interactions of medical treatment (raloxifene or
placebo) and JZ thickness with the difference in pain severity at
baseline and at 3 months. Changes in VAS scores are expressed
as mean * standard error. A P value of <.05 was considered
to be statistically significant.

RESULTS

Women with a JZ =11 mm on MR imaging were signif-
icantly older and had more pregnancies and births than
those with an intermediate JZ (=8 to 11 mm) or JZ <8 mm.
Other demographic characteristics and history did not differ
(Table 1). Forty of 53 (75%) had biopsy-proven endometriosis.
Six of these 40 subjects (15%) had a JZ =11 mm and therefore
met the MR imaging criterion for the diagnosis of adenomyosis
(Fig. 1). Thickened JZ possibly indicative of adenomyosis was
only present in women with endometriosis (P=.32). The
ASRM endometriosis stages for these six subjects were: three
with stage I, two with stage II, and one with stage III.

Presurgical dysmenorrhea and nonmenstrual pain severity
in subjects with endometriosis did not correlate with JZ
thickness (Fig. 2).

When compared with baseline pain severity, dysmen-
orrhea was significantly decreased at 3 months for those

FIGURE 2

(A) Preoperative dysmenorrhea pain severity and
JZ thickness in subjects with chronic pelvic pain.
(B) Preoperative nonmenstrual pain severity and

JZ thickness in subjects with chronic pelvic pain.
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FIGURE 3

(A) Dysmenorrhea severity before and 3 months after surgery for women with endometriosis. Junctional
zone thickness <8 mm: P<<.0001, VAS decreased 4.3 = 0.6; JZ thickness =8 and <11 mm: P<.02, VAS
decreased 4.8 + 1.3. (B) Nonmenstrual pain severity before and 3 months after surgery for women with
endometriosis. Junctional zone thickness <8 mm: P<.0001, VAS decreased 4.0 = 0.7.
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with endometriosis (VAS decreased 4.2 *= 0.6, P<<.0001)
(Fig. 3A) and was positively correlated with preoperative JZ
thickness (r = 0.47, P=.01). The decrease in dysmenorrhea
pain severity was associated with JZ thickness, with the
greatest effect among those with JZ thickness <8 mm
(P<<.0001, VAS decreased 4.3 = 0.6) than among those with
JZ thickness =8 and <1 mm (P<<.02, VAS decreased 4.8
* 1.3) and no significant decrease in those with JZ thickness
=11 mm. After controlling for treatment with raloxifene or
placebo, decrease in dysmenorrhea remained associated with
narrower preoperative JZ thickness.

Figure 3B illustrates the baseline and 3-month postoperative
nonmenstrual pain severity by preoperative JZ thickness. As
with dysmenorrhea pain severity, nonmenstrual pain severity
was associated with greater JZ thickness (r = 0.51, P=.004).
However, a significant decrease in nonmenstrual pain was ob-
served only in those subjects with a JZ thickness <8 mm (VAS
decreased 4.0 = 0.7, P<<.0001). As was seen with dysmenor-
rhea, after controlling for treatment with raloxifene or placebo,
decrease in nonmenstrual pain remained associated with
smaller preoperative JZ thickness.

DISCUSSION

We demonstrated that 15% of women with biopsy-proven
endometriosis also had a JZ thickness =11 mm on MR
imaging, likely indicative of adenomyosis, whereas women
who had chronic pelvic pain without endometriosis did not,
although this was not significant because of the small sample
size. Increased JZ thickness did not seem to be associated
with any particular ASRM endometriosis stage. Following
surgical excision of endometriosis, nonmenstrual pelvic pain
and dysmenorrhea were significantly more likely to persist
with increasing JZ thickness, suggesting adenomyosis. Dys-
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menorrhea decreased significantly for those with a JZ thick-
ness <11 mm; whereas nonmenstrual pain decreased signif-
icantly only in women with a JZ thickness <8 mm.

The innermost myometrium is structurally and functionally
different from the outer myometrium (29). Because the smooth
muscle bundles of the JZ are primarily parallel to the endome-
trium (17), this layer appears to play a significant role in
modulating the propagation of myometrial contractions at dif-
ferent times in the menstrual cycle (30, 31). During ovulation,
the contractions ascend from the cervix to the fundus, presum-
ably aiding in sperm transport; whereas at menstruation, the
contractions are initiated in the fundus and move toward the
cervix, presumably aiding in the expulsion of menses (32).

Alterations in the muscular characteristics of the inner-
most myometrium, such as the thickness and fiber orienta-
tion, may alter the frequency, amplitude, and propagation of
normal physiologic uterine contractions. In a cohort of women
with endometriosis such as ours, abnormal JZ morphology and
function might manifest as dyskinetic contractions. Such abnor-
mal contractions might be experienced as dysmenorrhea or
might enhance retrograde menstruation rather than the expul-
sion of menstrual effluent into the vagina, theoretically in-
creasing the risk of endometriosis (32-34). It is also plausi-
ble that abnormal contractions could contribute to the
pathogenesis of adenomyosis, by aiding in the invagination
of endometrial cells into the myometrium.

We modified the categories described by Reinhold et al.
(26), using a maximal JZ thickness of =11 mm rather than
=12 mm to indicate adenomyosis and a JZ thickness of <8
mm rather than =8 mm to exclude the disease. Our rationale
for slightly lowering the threshold for defining adenomyosis
was that we saw potential signs of adenomyosis usually
noted in those with a JZ thickness between 8 and 12 mm.
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These include focal or diffuse thickening of the uterine JZ,
poor definition of the JZ borders, the presence of a low-
signal-intensity myometrial mass, or the presence of high-
signal foci within an area of low signal on T2-weighted
sequences which may represent cystically dilated endome-
trial glands, hemorrhage, or ectopic endometrium (23-25).
These abnormal areas of low signal correlate well with
myoproliferative changes seen with adenomyosis (25). De-
spite this modification, we had a small number of subjects
with a JZ thickness greater than 11 mm.

Strengths of the study include the preoperative MR imag-
ing before a standardized surgery in which all evidence of
endometriosis was removed and, we believe, the surgical
treatment of endometriosis-related pain was optimized. En-
dometriosis was diagnosed histologically for all patients. We
also obtained pain VAS regarding menstrual and nonmen-
strual pain before surgery and 3 months later. A weakness of
the study is that we did not perform hysterectomy in any of
our subjects to confirm the presence of adenomyosis. Addi-
tionally, no MR images were obtained at the 3 month time
point to assess persistence of a JZ abnormality, although we
would not expect this abnormality to decrease over time.

In summary, women with endometriosis also may have myo-
metrial JZ abnormalities, possibly indicative of adenomyosis
that contributes significantly to chronic pelvic pain. In women
without significant decrease in pain after radical surgical exci-
sion of endometriosis, MR imaging evaluation for the JZ mea-
surement and diagnosis of adenomyosis should be considered.
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