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Abstract. [Purpose] To evaluate the incidence of pain originating from the sacrotuberous ligament after sac-
roiliac joint treatment, and to determine effective physical therapeutic options for sacrotuberous ligament pain.
[Participants and Methods] Among 303 patients with sacroiliac joint dysfunction, 57 patients (20 males, 37 females)
with persistent lower-buttock pain after sacroiliac joint injections were included in the study. The incidence of
sacrotuberous ligament pain and the physical findings from the first evaluation were investigated by physical thera-
pists. [Results] Diagnostic sacrotuberous ligament injections identified lower-buttock pain originating from the
sacrotuberous ligament in 57.9% of the patients (33 out of 57 patients) after treatment of sacroiliac joint dysfunction.
Of these, 11 patients experienced relief after sacrotuberous ligament injection alone; the others required physical
therapy. Sacrotuberous ligament relaxation alone was effective in eight patients; biceps femoris relaxation was re-
quired in eight patients; and gluteus maximus contraction exercise was required in six patients. [Conclusion] After
sacroiliac joint treatment, the incidence of residual sacrotuberous ligament pain in the persisting lower-buttock pain
was 57.9%. In addition to sacrotuberous ligament relaxation, biceps femoris relaxation was effective in patients who
showed both higher differences in the straight leg raising test and biceps femoris tenderness, while gluteus maximus
contraction exercises were effective in patients with gluteus maximus weakness.
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INTRODUCTION

Sacroiliac joint (SIJ) dysfunction is recognized as one of the causes of lower-back and buttock pain. SI1J pain is often over-
looked as it is a functional disorder that has no associated pathological conditions. Hence, it lacks specific imaging. However,
clinical symptoms characteristic of patients with SIJ dysfunction are distinct from those of lumbar spine disease patients?.
Notably, pain at or around the posterior superior iliac spine (PSIS), identified as the primary pain area using patients’ index
finger (one-finger test)?), is the main SIJ-related symptom. SIJ pain can be diagnosed definitively after SIJ injections®.

Tenderness in the sacrotuberous ligament (STL) (ischial tuberosity side) is one of the main physical signs of SIJ dysfunc-
tion in patients. In most patients with SIJ dysfunction, both pain at the PSIS and STL are relieved after SIJ treatments; but
occasionally, lower-buttock pain originating from the STL persists even if the pain at the PSIS is relieved. Physicians and
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physical therapists should pay careful attention to the pain originating from the STL because it occasionally extends to the
lower limbs, which mimics lumbar radiculopathy. Although, the STL has been known to cause lower-buttock pain*7), a
method that can definitively diagnose this pain has not been established. In addition, the incidence of STL pain after treatment
of SIJ dysfunctions has not been reported.

This study aimed to find the incidence of pain originating from the STL in patients with persisting lower-buttock pain
after treatment for S1J dysfunction, which was identified by administering local anesthetics to the STL, and to determine the
effective physical therapeutic options for STL pain based on the physical findings from the first evaluation.

PARTICIPANTS AND METHODS

The Institutional Review Board of our hospital approved the study (Approval Number: 2020-2). Prior to the procedure,
the patients provided written and informed consent for the use of their data in publications.

From January 2015 to June 2017, 303 patients were diagnosed with SIJ pain at the institution. A total of 57 patients (20
males and 37 females) with an age of 58.1 + 14.3 years [mean + standard deviation (SD)] [range, 13—75], a height of 159.2
+ 10.6 cm [mean + SD] [range, 144.0—185.5], and a body weight of 59.2 + 11.3 kg [mean + SD] [range, 42.0-83.9] were
included here because they suffered from lower-buttock pain that persisted even after SIJ injections.

The following items were investigated retrospectively based on medical records:

1) The incidence of lower-buttock pain originating from the STL.

2) Characteristic physical findings from the first physical examination that could yield favorable treatment results includ-
ing the angle between the legs during passive straight leg raising (SLR difference), muscle tenderness of the biceps femoris
muscle (BF) (1/3 distal part), and the muscle strength of the gluteus maximus muscle (GM).

3) The number of physical therapy sessions undergone and time taken to recover from the STL pain.

Diagnosis of SIJ dysfunction: All patients identified the PSIS as the main location of pain using their index finger (one-
finger test)? and scored more than a total of four points in the SIJ scoring system"). The scoring system consists of six items:
(1) the one-finger test, (2) groin pain, (3) pain while sitting on a chair, (4) SIJ shear test, (5) tenderness of the PSIS, and
(6) tenderness of the STL. SIJ pain was definitively diagnosed when there was >70% relief in pain in the SIJ region post
treatment with fluoroscopic guided injections® 9.

Diagnosis of pain originating from the STL: When patients indicated the lower-buttock around the ischial tuberosity
as the location of pain (Fig. 1), we evaluated the bone-ligament attachment site of the STL (ischial tuberosity attachment
site) for tenderness under ultrasound guidance (Fig. 2). Strength of 4 kg weight was applied on the tender point using the
thumb!®. The presence of tenderness was measured twice at the same site, with positive results both times being considered
positive. If the pain was reproduced on needle insertion under fluoroscopic guidance, 2 mL local anesthetic (1% lidocaine)
was administered at the site. A definitive diagnosis of pain originating from the STL was established when pain relief of
>70% was achieved by the injections after 15 min (Fig. 3).

Measurement of SLR difference, BF tenderness, and GM strength: The angle between the legs during passive straight leg

caudal™-

Fig. 1. Identify subjective pain area using the index finger (one-
finger test). If the index finger is indicated around the is-  Fig. 2. Identification of the sacrotuberous ligament. The sacto-
chial tuberosity, the painful area is confirmed by ultra- rubetous ligament (dotted line) is confirmed on basis of
sound. probe compression test by using ultrasound.
PSIS: posterior superior iliac spine, STL: sacrotuberous ligament.  a. Ultrasound image, ischial tuberosity (*), sacrotuberous liga-
ment (*¥), tender point (white arrow), b. probe position.
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raising (SLR difference) was calculated by subtracting the test result (i.e., the angle on the affected side) from the SLR angle
on the non-affected side. Tenderness of the BF (1/3 distal part), the site of tenderness in the 1/3 distal part of the lateral thigh
was identified as BF using ultrasound (Fig. 4). Strength of 4 kg weight was applied to the tender point using the thumb!9).

cranial caudal

Fig. 3. Injection into the sacrotuberous ligament (*: dot-

ted line). Pain reproduction is confirmed by needle Fig. 4. Biceps femoris muscle (dotted line), confirmed by ultrasound.
insertion at the ischial tuberosity (**) of the sacro- An ultrasound was used at a site where tenderness (shaded area)
tuberous ligament. could be confirmed, and the probe compression test was positive

and identified as biceps femoris muscle.a. Ultrasound image, fe-
mur (¥), biceps femoris muscle (**), tender point (shaded area),
b. probe position

Low-amplitude stimulation:
parallel and vertical

1A AR

£

fingertips
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Fig. 5. A. Physical therapy technique. Relaxation of the sacrotuberous ligament. Hold the sacrotuberous ligament (the ischial tuberosity
side) with one hand while sliding the other hand back and forth in small motions to first relax the sacrotuberous ligament and
then stretch it. B. Physical therapy technique. Relaxation of the biceps femoris muscle. Biceps femoris muscle relaxation was
performed on the tender area, and relaxation was performed using bilateral fingertips with low-amplitude stimulation parallel
and vertical to the fibrous direction under pressure.
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The GM strength was measured using manual muscle testing (MMT).

Physical therapies were conducted as follows. Relaxation of the STL was performed first. BF relaxation and GM contrac-
tion exercises were added, if necessary. The following list sets out the physical therapy techniques used.

The STL relaxation (the ischial tuberosity side) was held with one hand while sliding the other hand back and forth in
small motions to first relax and then stretch the STL (Fig. SA). BF relaxation was performed at the tender area using bilateral
fingertips movements with low-amplitude stimulation parallel and vertical to the fibrous direction under pressure (Fig. 5B).
GM contraction exercises were carried out in the prone position, starting with active assistive exercises, followed by active
and resistance exercises.

Assessment of the effectiveness of physical therapy for pain at the STL: The patients were asked to report on the intensity
of persisting STL pain after one physical therapy session based on the assumption that the pain before the procedure was
quantified as level 10. It was considered that the physical therapy option was effective when patients reported the intensity
of persisting STL pain just after the procedure as less than level 3, which indicated an improvement of at least 70%. Physical
therapy sessions continued until STL pain was relieved sustainably by at least 70%, i.e., the pain did not reoccur.

Statistical analysis was performed as follows. The patients were categorized into three groups based on physical therapeu-
tic options that proved effective on them: improvement after STL relaxation (STL group); improvement after BF and STL
relaxation (BF group); and improvement after GM contraction and STL relaxation exercise (GM group). The SLR difference
and GM strength were compared between the three groups using the Kruskal-Wallis test and post hoc Steel-Dwass test. The
differences in BF tenderness were analyzed using Fisher’s exact test with Bonferroni correction. A p-value of less than 0.05
was considered statistically significant. All the statistical analyses were conducted with EZR (version 3.3.2)—a statistical
software that extends the capabilities of R and R Commander.

RESULTS

The incidence of sacrotuberous ligament pain in the persisting lower-buttock pain was 57.9% (33 out of 57). Of these 33
patients with residual STL pain, 11 patients (33.3%) experienced sustained pain relief after STL injection alone. The remain-
ing 22 patients (66.7%) needed physical therapy in addition to injections. Physical therapy helped eight patients improve with
STL relaxation alone (STL group). BF and STL relaxation were effective in the case of eight patients (BF group). Finally, the
GM contraction and STL relaxation exercises were effective in the case of the six patients (GM group) (Fig. 6).

The BF group exhibited both higher SLR difference and frequency of significant BF tenderness compared to the other
two groups (p<0.05). The GM group showed significantly lower GM strength compared to the other two groups (p<0.05).
All patients in the STL group did not have SLR differences, BF tenderness, and weakness of GM strength (Table 1). Table 2
shows the number of physical therapy sessions and time taken to recover from STL pain. The GM group needed more ses-
sions and longer time to recover than the other groups.

DISCUSSION

SIJ-related ligaments, including the STL, contribute to stabilizing the SIJ. The STL tension could change owing to a
minor subluxation of the SIJ, particularly at the adhesion part of the STL. Therefore, STL pain can occasionally be associated
with SIJ dysfunction and is expected to be relieved after SIJ treatments. However, in this study, we found that 57 out of
303 patients with SIJ dysfunction showed persisting lower-buttock pain even after SIJ treatments, and more than half of the
patients had residual STL pain.

Here, STL tenderness was assessed under ultrasound guidance and confirmed the pain originating from the STL using
local anesthetic injections under fluoroscopic guidance. Several studies on the STL, which could be a cause of lower-buttock
pain, have been conducted* . Prolotherapy* and positional release” were also reported as the treatment options for STL
pain, but a method to diagnose the pain definitively has not been established. We believe that the diagnostic methods used
here are rigorous and the results reliable.

Regarding STL pain management, the local anesthetic injection used for the purpose of diagnosis itself provided sustained
pain relief in one-third of the patients. However, the other two-thirds of the patients required additional physical therapy
because of recurred STL pain even after the injections.

This study revealed several key physical findings for choosing options for treating STL pain. STL relaxation alone was
effective for patients without the restriction of their SLR on the affected side compared to the non-affected side, BF tender-
ness, and GM weakness. Additional BF relaxation was needed when patients exhibited restricted SLR on the affected side
and high BF tenderness (1/3 distal part). The STL connects the sacral lateral bulge (S3—S5) and the ischial tuberosity, and
it restricts the nutation motion of the sacrum'! (Fig. 7A). The BF connects the distal portion of the ischial tuberosity to the
fibular head. The proximal portion of the BF also connects to the surface fibrils of the STL!? !3), Therefore, the BF contrac-
tion induces tilting of the pelvis, limits the anterior tilt of the pelvis'¥, and affects the tension in the STL'® (Fig. 7B). Pain
at the STL attachment site without contracture of the BF could be resolved by STL relaxation alone after an improvement of
the S1J dysfunction. However, in patients with contracture of the BF, BF and STL relaxation (1/3 distal part) are necessary to
alleviate STL pain even after an improvement of the SIJ dysfunction.
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Additional GM contraction exercise was needed for patients with GM weakness identified in the first physical assessment
session. The origin of the GM is at the iliac crest, the lower part of the sacrum and coccyx, and insertion is at the posterior
gluteal line'®). It connects to the iliotibial tract and gluteal tuberosity'®). The contraction of the GM could compress the SIJ
and stabilize the joint> 1720 (Fig. 7C). GM weakness could affect the loosening of the SIJ, allowing excessive nutation of
the sacrum and resulting in increased STL tension. Thus, the GM contraction exercise was effective in reducing STL pain.

These three kinds of physical therapy options were revealed to relieve the residual STL pain after treatment of the SIJ dys-
function. It was also found that recovery took the longest when there was muscle weakness in the GM in the first evaluation.

This study had several limitations. First, the number of cases in each group was small. Second, the reasons why BF con-
tracture and GM weakness were observed could not be identified. These may relate to the duration of illness and/or medical
history; however, we could not investigate this in detail. Third, the study considered treatment options for STL pain based
on the results of both the first physical examination and the adopted treatment methods. Therefore, the present retrospective
study provided a preliminary flowchart to choose treatment options. Prospective studies are required to confirm the useful-
ness of this flowchart. Despite its limitations, this study provided three kinds of physical therapy options for patients with
STL pain.

From the above discussion, it could be concluded that the incidence of lower-buttock pain originating from the STL
was 57.9% (33 out of 57). Two-thirds of patients with STL pain needed physical therapy. In addition to STL relaxation,
BF relaxation was effective in patients who showed both higher SLR difference and BF tenderness, and GM contraction

Patients with SIJ dysfunction. Persistent lower-buttock pain
N=303 after SIJ injection.
N=57/303

N=24/57
(42.1%) | No

Tenderness of STL
(ischial tuberosity attachment site)

Yes

N=33/57
(57.9%)

[ Injection into the STL ]

- - - "
STL pain [ All patients wert;\][:i;; relief of > 70%. J

Improved
N=11/33(33.3%)
{ Recurred ]
N=22/33 (66.7%)
Physical therapies ]
STL relaxation. STL and BF relaxation. STL relaxation and GM contraction.
Improved. Improved. Improved.
N=8/22 N=8/22 N=6/22

Fig. 6. Subject flow. Incidence and improvement rate of lower-buttock pain originating from the sacrotuberous ligament after treatment
of sacroiliac joint dysfunction.
S1J: sacroiliac joint, STL: sacrotuberous ligament, BF: biceps femoris muscle, GM: gluteus maximus muscle.

Table 1. Patient attributes and comparison of physical findings during the first intervention

STL group BF group GM group p value
n=§ n=8 n=6
STL vs. BF STL vs. GM BF vs. GM

SLR difference, -2.5+3.8 -20.6 5.6 -5.0+6.3 0.002 0.751 0.009
angle (°)

BF tend. 0/8 8/8 0/6 <0.001 1.000 0.001
(distal 1/3 part)

GM. MMT, 4 (4-5) 4 (4-5) 2(2-3) 0.860 0.003 0.004

median, range

n: number of patients; STL: sacrotuberous ligament; BF: biceps femoris muscle; GM: gluteus maximus muscle. SLR dif-
ference; angle between the legs during passive straight leg raising, mean (SD), BF tenderness (BF tend.); patient number
of tenderness positive, GM. MMT; Manual muscle testing (MMT) assessment of GM strength.

Statistical method: Kruskal-Wallis with post hoc Steel-Dwass (SLR difference, GM. MMT); Fisher’s exact test (BF tend.).
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exercises were effective in patients with GM weakness. These three kinds of physical therapy options were revealed to relieve
the residual STL pain after treatment of the SIJ dysfunction.

Conference presentation

Part of the data of this study was presented in the 10th Interdisciplinary World Congress on Low Back and Pelvic Girdle
Pain in 2019.

Table 2. Number of sessions and treatment duration in each group

STL group BF group GM group
Number of sessions, 7.6 (3-24) 7.9 (2-24) 21.2 (9-52)
average, range
Treatment duration (months), 3.5 (1.1-5.0) 4.3 (1.0-6.0) 9.0 (1.2-16.0)

average, range

STL: sacrotuberous ligament; BF: biceps femoris muscle; GM: gluteus maximus muscle.

4
Sacroiliac joint

Fig.7.  A. Effects of sacrotuberous ligament, biceps femoris muscle, and gluteus maximus muscle on the sacroiliac joint. A; Effects
of sacrotuberous ligament (black and gray lines) on the sacroiliac joint. Tension during nutation of the sacrum (black arrow), controlling
the sacroiliac joint (dotted line), by increased the sacrotuberous ligament tension (white arrow).

STL: sacrotuberous ligament
B. Effects of biceps femoris muscle (BF) on the sacroiliac joint. Relationship between biceps femoris muscle and the sacrotuberous

ligament. The tension (white arrow) in the biceps femoris (*) continues with the superficial fibers of the sacrotuberous ligament and is

involved in tension (black arrow) of the sacrotuberous ligament (**).
C. Effect of the gluteus maximus (black and gray lines) on the sacroiliac joint. The sacroiliac joint (dotted line) is compressed and stabi-

lized by the glueus maximus contraction (white arrow).
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