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Anatomy of anterior pelvic tilt and lumbar hyperlordosis
Hip flexors

One of the more prominent hip flexor muscles is the ili​opsoas. This thick muscle produces a force across the hip, sacroiliac joint, lum​bosacral junction, and lumbar spine. Because the muscle spans both the axial and appendicular components of the skeleton, it is a hip flexor as well as a trunk flexor. In addition, the psoas major affords an important element of vertical stability to the lumbar spine, especially when the hip is in full extension and pas​sive tension is greatest in the muscle.

Theoretically, a sufficiently strong and isolated bilateral contraction of any hip flexor muscle will either rotate the femur toward the pelvis, the pelvis (and possibly the trunk) towards the femur, or both actions simultaneously. If the pelvis is inadequately stabilized by other muscles, a sufficiently strong force from the rectus femoris (or any other hip flexor muscle) could rotate or tilt the pelvis anteriorly. Weakened abdominal muscles may demonstrate, while actively contracting the hip flexors muscles, an undesired and excessive anterior tilting of the pelvis. Normally, moderate to high hip flexion effort is associated with relatively strong activation of the abdominal muscles.

The extent to which the abdominal muscles actually neutralize and prevent an anterior pelvic tilt is dependent on the demands of the activity and the relative strength of the contributing muscle groups. Rapid flexion of the hip is generally associated with abdominal muscle activation that slightly precedes the activation of the hip flexor muscles. This anticipatory activation has been shown to be most dramatic and consistent in the transverse abdominis, at least in healthy subjects without low back pain. The consistently early activation of the transverse abdominis may reflect a feedforward mechanism intended to stabilize the lumbopelvic region by increasing intra-abdominal pressure and increasing the tension in the thoracolumbar fascia. Without sufficient stabilization of the pelvis by the abdominal muscles, a strong contraction of the hip flexor muscles may inadvertently tilt the pelvis anteriorly. 
Any muscle that is capable of flexing the hip from a femoral-on-pelvic perspective has a potential to flex the hip from a pelvic-on-femoral rotation. For this reason, tightness of secondary hip flexors, such as adductor brevis, gracilis, and anterior fibers of the gluteus minimus, would, in theory, contribute to an excessive anterior pelvic tilt.
Hip extensors

The primary hip extensors include the gluteus maximus, posterior head of the adductor magnus, and the hamstrings. The middle and posterior fibers of the gluteus medius and anterior head of the adductor magnus are considered secondary extensors. The hip extensor muscles, as a group, produce the greatest torque across the hip than any other muscle group. The extensor torque is often used to rapidly accelerate the body upward and forward from a position of hip flexion, such as when pushing off into a sprint, arising from a deep squat, or climbing a very steep hill. The position of flexion naturally augments the torque potential of the hip extensor muscles. Furthermore, with the hip markedly flexed, many of the adductor muscles produce an extension torque, thereby assisting the primary hip extensors.

With the trunk held relatively stationary, contraction of the hip extensors and abdominal muscles (with the exception of the transverse abdominis) functions as a force-couple to posteriorly tilt the pelvis. A posterior tilting motion of the pelvis is actually a short-arc, bilateral (pelvic-on-femoral) hip extension movement. Assuming the trunk remains upright during this action, the lumbar spine must flex slightly, reducing its natural lordotic posture. While standing, the performance of a full posterior pelvic tilt, theoretically, increases the tension in the hip’s capsular ligaments and hip flexor muscles. These tissues, if tight, can potentially limit the end range of an active posterior pelvic tilt. Contraction of the abdominal muscles (acting as short-arc hip extensors) can, theoretically, assist other hip extensor muscles in elongating (stretching) a tight hip capsule or hip flexor muscle. For example, strongly coactivating the abdominal and gluteal muscles, while simultaneously performing a traditional passive-stretching maneuver of the hip flexor muscles, may provide an additional stretch to these muscles (Neumann, 2010). 
The relation between anterior pelvic tilt and lumbar lordosis

Is there a correlation between pelvic orientation and lumbar lordosis or is an increased pelvic tilt possible without affecting the lumbar curvature and vice versa?

The orientation of the pelvis is defined by two positional parameters: the pelvic tilt and the sacral slope, which together form the pelvic incidence (PI). The pelvic incidence is a morphological parameter, not affected by posture or the pelvis position and considered as invariable for a subject after the end of growth. Additionally being unaffected by lumbar degenerative changes, the pelvic incidence represents a constant guide value to understand variations in populations. 

The relation between lumbar lordosis and sacral slope was originally demonstrated by Stagnara et al (1982). 
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Fig 1: Retrieved 11/15/15, from: http://www.eneurosurgery.com/spineandpelvicanglemeasurements.html
The pelvic incidence is defined as the angle between the line perpendicular to the sacral plate and the line connecting the midpoint of the sacral plate to the bicoxofemoral axis.

The sacral slope corresponds to the angle between the sacral plate and the horizontal plane.

The pelvic tilt is the angle between the lines connecting the midpoint of the sacral plate to the bicoxofemoral axis and the vertical plane.
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Fig 2: From “Biomechanical analysis of the spino-pelvic organization and adaptation in pathology” by Roussouly, P., & Pinheiro-Franco, J. L. (2011).
The more the sacral slope is tilted, the greater the lumbar curvature; contrarily, when the sacral slope is rather horizontal, the lumbar curvature is flat. The correlation between sacral slope and pelvic inclination is as follows: When sacral slope values are higher, pelvic inclination is also higher (Barrey, Jund, Noseda, & Roussouly, 2007). During, Goudfrooij, Keessen, Beeker & Crowe (1985) and Vialle, Levassor, Rillardon, Templier, Skalli & Guigui (2005) also showed that there is a relationship between the pelvic inclination angle and the sacral slope, as well as between the sacral slope and the lumbar lordosis, and between the pelvisacral angle and the pelvic inclination angle. The pelvic incidence influences, by means of the sacral slope, the “ideal” lumbar lordosis and allows the maintenance of an efficient standing position. Roussouly & Pinheiro-Franco (2011) conclude that it is well established that the shape and the spatial orientation of the pelvis determine the organization of the lumbar spine.


However, to visualize the complexity of this subject and the many variables involved -- in spite of the correlations outlined above, there are studies that report only a weak correlation between pelvic tilt and lumbar lordosis (Kroll, Arnofsky, Leeds, Peckham & Rabinowitz, 2000; Walker, Rothstein, Finucane, Lamb, 1987; Youdas, Garrett, Harmsen, Suman & Carey, 1996). Kroll et al. (2000) reported when assessing subjects’ resting pelvic tilt, total range of pelvic tilt, total pelvic anterior range of motion and total pelvic posterior range of motion, no statistical differences were linked to degrees of lordosis. 
Interestingly, all of these studies use external means of measurements, such as goniomenters, inclinometers, and moldable rulers; whereas aforementioned studies confirming pelvilumbar correlations used radiographs.
Going forward, a correlation between anterior pelvic tilt and lumbar lordosis is assumed, so both conditions are considered as met, even if only one is mentioned.


An excursion into the evolution of the human spine and pelvis
When a chimpanzee walks upright, the pelvis is more vertical, but the hip maintains about the same position in the pelvis, i.e., is not extended. This is not caused by a lack of possible extension of the hip joint, but by a stiff lumbar spine that lacks lordosis (extension or retroflexion). The chimpanzee walks with flexion of both hips and knees to compensate the forward bent position of the spine that keeps the centre of mass of the upper body forward (ventral) to the sacrum. This “bent-hip, bent-knee gait” brings this center of mass closer to the point of ground contact of the feet, but at the price of considerable work for hip, knee and back muscles.
When a human walks upright, hips and knees can be in much more extended positions because lumbar lordosis aligns the center of mass of the upper body with the sacrum and the point of ground contact. In humans the center of mass lies centrally and directly vertical above the hips, thus the upper body weight is absorbed at the foot of the vertebral column. Therefore we expect to see weight-bearing adaptations in this region of the back. One such adaptation is known as the lumbar lordosis, a posterior concavity of the vertebral column in the lumbar region. Lumbar lordosis benefits energy-efficient upright walking. In humans, standing erect requires only 7% more energy than lying down. Dogs use considerably more energy standing than lying, presumably because they have their hind legs flexed.
Dorsal wedging of the L1-L5 vertebrae creates this curvature in the lower spine that, much like a spring, helps absorb body weight and allows flexion & extension of the trunk. The angle created is typically 30° but can reach 50° in a pregnant female. Lumbar lordosis is not found in any other species (Roussouly & Pinheiro-Franco, 2011).
Other weight-loading adaptations in the lower spine include the lengthening and thickening of the lumbar region. Humans usually possess 5 lumbar vertebrae with progressively widening articular processes. This contrasts with chimpanzees that have between 3 and 4 lumbar segments with narrowing facets. In addition, continuing caudally along the column, human vertebral bodies become larger in overall size. Compared to the chimpanzee pelvis, the human version is considerably shorter and broader. This has had the effect of distancing the thorax from the ilium and freeing the lumbar region from within the pelvis. Consequently the human lower back is capable of a greater range of movement than a great ape’s. This alteration has also brought into close proximity the sacroiliac and hip joints, reducing force transmission stress on the ilium. 
The downside of this “mobilization” of the lumbar spine may be a relatively insufficient erector spinae muscle. The potential for hypertrophy is likely hampered by the dorsal position of the transverse processes that developed with the “shortback”. Scoliosis and spondylolisthesis are virtually absent in the great apes. Perhaps these spinal malformations in humans are associated with the length and mobility of the lumbar spine and a relative erector spinae muscle insufficiency.
Other modifications to the human pelvis have repositioned muscle attachment sites relative to those seen in the apes. Humans have an expanded, anteriorly-projecting iliac blade with respect to the ischium unlike the chimpanzee’s whose is more aligned. The resulting hip structure facilitates a reorganization of gluteal musculature without compromising the hamstring lever arm. Whereas in apes the gluteals function as extensors of the thigh at the hip joint, in humans they primarily assist in abduction thanks to their more anterior origins.
A broader, tilted-forward human sacrum and an expanded posterior superior iliac spine greatly improve the surface attachment and lever advantages of the posture-maintaining erector spinae muscle group. Significantly, the prominent human anterior inferior iliac spine (which provides attachment for the knee-extending rectus femoris muscle and the trunk-balancing iliofemoral ligament) is absent or reduced in apes (Lovejoy, 2005). 
Are anterior pelvic tilt and lumbar hyperlordosis linked to lower back pain?

Interestingly, 85% of healthy males and 75% of healthy females presented with an anterior pelvic tilt, and 9% of males and 18% of females presented as neutral according to a study by Herrington published in 2011, so it seems normal for healthy individuals to possess anterior pelvic tilt. The average angle ranges from 6-18° depending on study and methods used to determine the angle, with around 10°-13° appearing as the norm (Christie, Kumar & Warren, 1995; Vaz, Roussouly, Berthonnaud, & Dimnet, 2002; Youdas et al., 1996).
The relationship between pelvic orientation, lumbar lordosis and low back pain is similarly multifaceted as the relation between pelvic orientation and lumbar lordosis outlined above. 
· Christie et al. (1995) established a correlation between lumbar lordosis and low back pain: Discrete postural profiles existed for chronic pain, acute pain, and control groups in the standing posture. The chronic pain group exhibited an increased lumbar lordosis as compared with the control group. Evcik & Yücel (2003) reported similar results finding significantly higher sacral inclination angles correlated with chronic low back pain, as well as limited maximal ranges of lumbar extension.
· Day, Smidt & Lehmann (1984), on the other hand, concluded that male patients with chronic low back pain were found to have no significantly greater lumbar lordosis or greater anterior pelvic tilt than men without back pain.
· The third possible outcome was demonstrated by Barrey et al. (2007), who showed that patients with disc herniation had a relatively straight spine in the sagittal plane with a significant decrease of both the lumbar lordosis and the sacral slope. Patients with disc herniation and patients with degenerative disc disease demonstrated to have a very similar sagittal profile characterized by a normal or low pelvic incidence. Values of the sacral slope, the pelvis tilt, the lumbar lordosis and the thoracic kyphosis were very close in the two groups. Thus these patients are characterized by a flat spine with significant reduction of both lumbar lordosis and thoracic kyphosis. This profile was more marked for patients with disc diseases below 45 years old with a PI significantly lower than the asymptomatic population.

Since there doesn’t seem to be a consensus about the relation between lower back pain and degree of lordosis, it will be interesting to look at Roussouly et al.’s (2011) biomechanical aspects in order to shed some light on this relation. They state that the lumbar spine may be imagined as the pylon of a crane: in the forward position, the arrow has to support the corresponding body weight, passing by the gravity line. This force may be decreased by the abdominal pressure and stabilized by the abdominal muscles anteriorly. When the lumbar spine moves backward, the posterior muscles have to work to counteract the gravity. The contact force on the spinal column is the addition of forward forces (gravity, abdominal pressure) and the force of the posterior spine muscles. In case of weight bearing, contact force increases tremendously. In case of acute back pain, the contracture of the back muscles increases contact force and disc pressure, acting negatively on the pain.
When acting on a functional spinal unit, there is a distribution of contact force between the intervertebral disc in front and the facet joints behind. The more the lumbar spine is curved, the more the contact force acts on the posterior elements (facet joints,

spinous processes) and, at the extremes of the curve, the vertebral units are greatly tilted. On the contrary, in case of low curvature or flat back, contact force acts mainly on the anterior column (vertebral bodies and discs) and its distribution favors the resultant force perpendicular to the discs, increasing disc pressure.
At the level of each functional spinal unit and according to its local orientation, contact force, which is vertical, may be divided into two resultant forces: one parallel to the vertebral endplate and the other perpendicular to the plate. When the vertebral plate is close to horizontal, as in hypolordosis, the vector perpendicular to the disc increases. In case of a more tilted orientation of the vertebral plate, the resultant of contact force parallel to the plate increases, increasing sliding forces. The distribution of contact force favors the sliding force resultant, increasing the stress on the facets and decreasing the disc pressure. When the tilt is forward, there is a risk of anterolisthesis; if the tilt is

posterior, there is a risk of retrolisthesis. If we consider that the mechanical stresses may play a role in degenerative spine progression, hypolordosis may favor degenerative

discopathies; inversely, long hyperlordosis may induce posterior facets arthritis and listhesis.
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Fig 3: From “Biomechanical analysis of the spino-pelvic organization and adaptation in pathology” by Roussouly, P., & Pinheiro-Franco, J. L. (2011).
Based on these biomechanical considerations, Roussouly et al. (2011) classified lumbar lordosis into four types to define the shape of the spine (see Fig 2, page 5):
a) Type 1 is a combination of kyphosis and hyperextension area:
i. In the thoraco-lumbar kyphosis area, there is an increased risk of disc degeneration.
ii. In the junctional area, between thoraco-lumbar kyphosis and lumbar lordosis, the discs are very tilted with a risk of retrolisthesis.
iii. In the hyperlordotic area there can be a ‘‘kissing’’ of the spinous processes; there is a risk of facet hyperpressure and L5 spondylolysis. The discs L4/L5 and L5/S1 are generally protected.
b) Type 2 is the flat back. The orientation of the discs is horizontal; therefore, the disc pressure is maximum. There is an important risk of early disc degeneration with central disc herniation. The risk of early distal discopathy increases in patients with low PI and flat back. Mechanically, this back is not the one adapted for weight bearing, or sports or activities with high pressure on the back. A kyphotic evolution at the lumbar level may result in a severe unbalance because of the limitation of pelvis retroversion, but complete retroversion bringing SS to 0 is possible. 

c) Types 3 and 4 have a bigger lumbar lordosis, especially Type 4. They are generally associated with a horizontal pelvis with a high-grade PI. The more the increases in PI, the higher the sacral slope, with a risk of spondylolisthesis through L5 by a ‘‘sliding’’ mechanism. Due to the big amount of curvature of lumbar lordosis, the stress is mainly posterior on the facet joints. The risk of posterior facet degeneration is significant. A proof of limits of extension is the kissing of the spinous processes. When spinous processes are in contact, the local extension is at its maximum and may be an important cause of pain. 
In summary: Lumbar hyperlordosis exerts increased loads on the posterior aspects of the vertebrae and may lead to facet joint arthritis and listhesis, while lumbar hypolordosis places increased loads on the anterior aspects of the vertebrae and may lead to degenerative discopathies. Roussouly et al.’s (2011) biomechanical interpretations explain the inhomogeneous results of the previous studies.
How tissue loading leads to injury

Low back pain patients often contribute their back injury to a single specific event, such as lifting and twisting with a box, as causing forces sufficient to damage a structure in their back. While this description of low back injury is common, particularly among the occupational/medical community who are required to identify a single event when filling out injury reports, relatively few low back injuries occur from this mechanical scenario. Rather, the culminating injury event is more commonly preceded by a history of excessive loading, which gradually but progressively reduced the tissue failure tolerance. Thus, it is important to recognize and prevent other scenarios where sub-failure loads can result in injury. For example, the ultimate failure of a tissue (i.e., injury) may result from accumulated trauma produced by either repeated application of load (and failure from tissue fatigue) or of a sustained load that is applied for a long duration (and tissue failure from deformation and strain). Hence, the injury process need not be associated with very high magnitudes of loads but rather relatively low loads that are repeated or sustained, such as prolonged stretching and sitting (Scannell & McGill, 2003). 
Are anterior pelvic tilt and lumbar hyperlordosis related to running injuries?
It has been suggested that increased lumbar extension postural alignment during running places excessive stress on the vertebral joints and surrounding soft tissues, which may result in low back pain in runners (Jackson and Sutker, 1982). Furthermore, dysfunction of the lumbar spine also has been implicated as a possible contributing factor for certain lower limb soft tissue injuries in running athletes. For example, a relationship between increased lumbar lordosis in upright standing and hamstring strains has been reported (Hennessy and Watson, 1993). The lumbar spine, via its influence on the sciatic nerve roots, also has been proposed as a possible contributing factor in hamstring and calf soft tissue injuries (Orchard, Farhart, Leopold, et al. 2004).

An increased degree of anterior pelvic tilt, associated with reduced peak hip extension during running, is also thought to be related to hamstring strains as well as several overuse knee injuries (Klein and Roberts, 1976). 
However, Schache, Blanch, Rath, Wrigley, & Bennell’s (2005) findings did not confirm the speculations made in the clinical literature. Although it had been speculated that many of the injuries may be related to certain kinematic parameters of the lumbo-pelvic-hip complex during running, none of the measured parameters proved to be significantly different between the injured and the control groups. Schache et al. (2005) concluded that no evidence was found demonstrating a clear relationship between anthropometric or kinematic parameters of the lumbo-pelvic-hip complex and running injuries.
Anterior pelvic tilt, lumbar lordosis and athletic performance

It is assumed that the shape of the spinal curvature of non-athletes will not be affected by training for sport. Uetake, Ohtsuki, Tanaka & Shindo (1998) compared the static spinal curvature of 380 male athletes from 11 sports and concluded that the degree of the spinal S-curvature of non-athletes and athletes was shallower for non-athletes and deeper for sprinters, middle- and long-distance runners, jumpers, kendo participants and throwers.

The reason why the spinal curvature differed between groups is most likely related to the primary body motion of each group. Runners and sprinters tend to have a deep S-shaped spinal curvature, which suggests a relationship between the motion of running and the spinal curvature. For good running style, an athlete requires considerable extension of the hip joint and a strong push-off from the ground. The advantages of anterior pelvic tilt and deep lumbar lordosis are believed to be an increased hip extension, which allows the running and jumping athlete to apply force over a longer time resulting in a greater impulse.
Abitbol (1987) noted that individuals can effectively extend the hip joint when assuming a position with the upper part of the body and the pelvis inclined forward. However, for stability when running fast, it is necessary to maintain a position with the upper part of the body raised but the pelvis inclined forward. As the spinal musculature raises the upper part of the body and inclines the pelvis forward, it is thought that back muscles such as the iliocostallis and longissimus play an important role in maintaining the ideal position for running fast.
Gracovetsky (1990) suggested that the spine is not a supporting column passively transported by the legs, but rather it is the primary engine driving the pelvis: the legs follows and amplify the movement. If the upper part of the body is raised and the pelvis is inclined forward, the extent of lordosis will be deeper as a consequence.
Additionally, as a ground reaction force equal to two or three times body mass is sustained during running, a deeply curved spine would be a suitable construction to absorb these external forces (Uetake et al., 1998).
Worrell et al. (2001) support the aforementioned possible advantage of anterior pelvic tilt resulting in greater hip extension equaling greater force production over a longer time. They showcased the torque-angle curve for maximal isometric hip extension and concluded that hip extension is strongest when the hips are fully flexed and weakest when the hips are fully extended. Since anterior pelvic tilt is synonymous with hip flexion, this means that the hip range of motion associated with ground contact during sprinting will be stronger in someone with anterior pelvic tilt compared to someone with a more neutral pelvic alignment.
Strategies to achieve a more neutral pelvic and lumbar alignment

Even though further research is needed to confirm a reliable correlation between lumbar hyperlordosis, lumbar pathologies and back pain, it is clear that hyperlordosis exerts increased loads on the posterior aspects of the vertebrae as outlined above. Additionally, Waryasz (2010) states that anterior pelvic tilt indicates a strength imbalance between the same muscle groups responsible for musculoskeletal conditions specific to athletes -- osteitis pubis and sports hernias. Athletic programs that focus on increasing strength in the lower extremities without adequately strengthening the abdominal musculature may lead to this pelvic imbalance.

Scannell & McGill (2003) examined lumbar passive tissues strains in 3 spinal positions during 3 activities and found that the lumbar hypolordosis group demonstrated a spinal position outside the neutral zone (position of least tissue strain) during sitting, while the lumbar hyperlordosis group demonstrated a spinal position outside the neutral zone during standing. Scannell & McGill’s (2003) study is the first (and still one of only a few) documentation(s) showing that changes in lumbar strain can be achieved with training. The goals of the training program for the subjects with hyperlordotic postures were:

1) To increase the muscle activity of the abdominal and gluteal muscles (thereby reducing the relative contribution of the erector spinae muscles).
2) To increase the length of the hip flexor muscles. 
Interestingly, the strengthening protocol consisted only of bodyweight exercises. 6 exercises for the abdominal muscles and 1 for each, the gluteus maximus, gluteus medius and piriformis were used, in addition to a spinal flexion and a hip flexor stretch. The study also incorporated 2 concepts from neuromuscular re-education in standing and walking into their exercise program.

The following 2 studies were included due to the lack of existing literature on the subject of altering lumbar lordosis with exercise, even though there was only 1 subject in each study. Yoo (2014) documented the effect of individual strengthening exercises for posterior pelvic tilt muscles on back pain, pelvic tilt angle, and lumbar range of motion of a low back pain patient with excessive lumbar lordosis. Yoo (2014) demonstrated that pelvic tilt angles on both sides recovered to normal ranges, limited lumbar range of motion increased, and low back pain decreased. The exercise protocol consisted of only 3 strengthening exercises for the posterior pelvic tilt muscles (rectus abdominis, gluteus maximus, hamstrings) and was performed daily for 2 weeks. 2 of the exercises were bodyweight exercises, while 1 utilized a theraband for resistance.

In the following study, Morningstar (2003) aimed to achieve the opposite: to restore the lumbar lordosis to increase a patient’s voluntary muscular strength and decrease back pain symptoms. After 4 months, back pain decreased from 5/10 to 0/10 on a Borg scale, lumbar lordosis increased from 2° to 31°, sacral base angle increased from 18° to 31° and the patient’s maximum bench press also increased from 245 pounds to 305 pounds. The following techniques were used:
1. Chiropractic spinal manipulation to mobilize all of the lumbosacral and sacroiliac joints so that the rehabilitative exercises and neuromuscular re-education would have a quicker and more immediate effect.
2. For neuromuscular re-education, the patient wore a Pettibon anterior headweight to force the body to realign the entire spine closer to the center of gravity and a 25 pound backpack to enhance the lumbar lordosis. While wearing the headweight and backpack, the patient walked on a treadmill for 7 minutes immediately following the manipulative procedures.
3. Rehabilitative exercise: Rhomboid and Latissimus dorsi work with the distal attachments (scapulae, shoulder) in a fixed position to exert the load on the proximal attachments, the spine.
While this approach is not applicable for decreasing lumbar lordosis, chiropractic spinal manipulation might be worth further investigation.
Sedaghati, Hematfar & Behpour (2013) examined the effect of selected spinal core-muscle stabilization training in water on pain intensity and lumbar lordosis of female college students. Results showed a significant decrease in back pain intensity and lumbar lordosis angle in the experimental group, while no significant difference was observed between pretest and posttest data in the control group. Unfortunately there is no information available about the specific hydrotherapy exercise protocol used, as this study is not available in English.
In addition to strength training, Contreras (2015) recommends that the following strategies be employed for correcting anterior pelvic tilt:

1. Myofasical release for the rectus femoris, adductors, and erector spinae.
2. Static stretching for the psoas, rectus femoris, adductors, and lumbar erector spinae.
3. Strengthening the abdominals and obliques, especially via posterior pelvic tilt.
4. Strengthening the glutei, especially via posterior pelvic tilt and at end-range hip extension.
5. Being mindful of using anterior pelvic tilt postures throughout the day and also during resistance training.
Conclusion

A standard pelvilumbar sagittal balance does not exist in the normal population. There is a great variability of spinal alignment, with a wide range of normal values in adults. The most important thing to have is optimal congruence between pelvic and spinal parameters in order to achieve an economic, strain-free posture. 
There is scientific evidence for a correlation between lumbar lordosis and anterior pelvic tilt. The greater the pelvic tilt, the greater the lumbar lordosis and vice versa.

Both, hyperlordosis and hypolordosis can strain spinal structures. Additionally, it is proven that relatively low loads that are repeated or sustained, such as prolonged stretching and sitting, can lead to injury just as likely as loads of very high magnitudes.
There is limited evidence that spinal posture can be altered. Resistance training focusing on the musculature that posteriorly tilts the pelvis and flexes the lumbar spine seem the method of choice for decreasing anterior pelvic tilt and lumbar hyperlordosis, sometimes accompanied by hip flexor and spinal stretches, as well as soft tissue manipulation.
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