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Abstract

Hip dysplasia is a condition affecting both infants and adults, characterized by a shallow acetabulum that
does not sufficiently cover the head of the femur. This leads to instability of the hip and elevated levels of
mechanical stress around the acetabular rim. A popular procedure for the correction of hip dysplasia is the
periacetabular osteotomy (PAO), in which fluoroscopically guided osteotomies around the pelvis are made to
allow for repositioning of the acetabulum to fit properly on the femoral head. This systematic review aims to
analyze patient factors that impact outcomes, as well as patient-reported outcomes such as the Harris Hip
Score (HHS) and the Western Ontario and McMaster Universities Arthritis Index (WOMAC). The patients in
this review did not undergo any prior intervention for acetabular hip dysplasia, allowing for an unbiased
reporting of outcomes from all included studies. Of studies reporting HHS, the mean preoperative HHS was
68.92 and the mean postoperative HHS was 89.1. Of the study that reported mHHS, the mean preoperative
mHHS was 70, and the mean postoperative mHHS was 91. Of the studies reporting WOMAC, the mean
preoperative WOMAC was 66, and the mean postoperative WOMAC was 63. Key findings of this review are
that of the seven included studies, six achieved a minimally important clinical difference (MCID) based on
patient-reported outcomes, and factors impacting outcome are preoperative Tonnis osteoarthritis (OA)
grade, pre and postoperative lateral-center edge angle (LCEA), preoperative hip joint congruency,
postoperative Tonnis angle, and age. In patients with no prior intervention for hip dysplasia, the PAO is a
successful procedure with significant improvement in postoperative patient-reported outcomes. Despite the
reported success of the PAO, proper patient selection is vital to avoid early conversions to total hip
arthroplasty (THA) and prolonged pain. However, further investigation is prompted regarding the long-term
survivorship of the PAO in patients with no prior intervention for hip dysplasia.

Categories: Physical Medicine & Rehabilitation, Orthopedics, Sports Medicine
Keywords: hip dysplasia, western ontario and mcmaster universities arthritis index (womac), modified harris hip
score, harris hip score, periacetabular osteotomy

Introduction And Background

Hip dysplasia is characterized by a shallow acetabulum that does not sufficiently cover the head of the
femur, leading to instability of the hip and high levels of mechanical stress around the rim of the acetabulum
[1]. In a study investigating risk factors for hip joint osteoarthritis (OA), hip dysplasia was found to be a
significant risk factor for the development of OA in both men and women, with age being an additional risk
factor in women [2]. Hip dysplasia can present either in infancy, termed developmental dysplasia of the hip
(DDH), or later in young adulthood, termed acetabular dysplasia. Females have been known to have a much
higher risk of hip dysplasia compared to their male counterparts; however, males with hip dysplasia have
higher incidences of concomitant hip deformities, which may lead to the development of femoroacetabular
impingement [1]. The lateral-center edge angle (LCEA) is a commonly used radiographic measurement to
measure the severity of hip dysplasia. The LCEA is formed by two lines from the center of the head of the
femur to the lateral edge of the acetabular roof and another line directly vertical from the femoral head. An
LCEA of >25° is considered normal, <20° is consistent with hip dysplasia, and values in between are
considered transitioning to hip dysplasia [3].

Less invasive treatment options for hip dysplasia include hip arthroscopy, but a recent systematic review of
33 studies concluded that isolated arthroscopic treatment should be reserved for patients with borderline
hip dysplasia, as poor outcomes were seen in the moderate and severe hip dysplasia groups [4]. Another
study, however, reported a high dissatisfaction rate (40%) of 47 borderline dysplastic hips undergoing
primary hip arthroscopy [5]. The most appropriately indicated procedure to correct hip dysplasia, however, is
the periacetabular osteotomy (PAO), a hip preservation surgery introduced by Ganz et al., in which
fluoroscopically guided osteotomies around the pelvis are made to allow for repositioning of the acetabulum
to fit properly on the femoral head. Screws are initially placed to support the repositioned acetabulum, and
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over time, bone growth occurs in the spaces where the osteotomies were performed [6]. In patients with hip
dysplasia, when there is a severe progression of untreated osteoarthritis leading to significant loss of
function, total hip arthroplasty (THA) is the recommended surgical treatment option, as the PAO is often
unsuccessful in the long-term preservation of the hip joint in these patients [7].

This systematic review reports factors such as preoperative Tonnis osteoarthritis grade, pre- and
postoperative LCEA, and preoperative hip joint congruency that impact patient-reported outcome
measurements to determine the success of the PAO in our included studies. This review also reports
commonly used patient-reported outcome measurements such as the Harris Hip Score (HHS) and the
Western Ontario and McMaster Universities Arthritis Index (WOMAC) to further analyze the success of the
PAO in our included studies.

Review
Methods

This systematic review followed the Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) guidelines. A literature search for this systematic review was performed on the PubMed, Scopus,
and Embase databases. Our search strategy included various combinations of the keywords "periacetabular
osteotomy," "outcome," "Harris Hip Score," and "WOMAC" within the title and abstract of articles.

The exclusion criteria were the following: articles in a different language, case reports, articles detailing
surgical techniques, review articles, articles in which patients underwent prior surgical intervention for
symptomatic hip dysplasia, articles with incomplete data on patient-reported outcomes, case series of fewer
than 10 patients, and non-human studies. We included articles in which the PAO was performed in patients
with no prior intervention for symptomatic hip dysplasia and in which both preoperative and postoperative
patient-reported outcomes were reported. Articles that reported either the HHS, modified Harris Hip Score
(mHHS), or WOMAC were included [8-14].

This search yielded 569 studies, out of which 331 duplicates were removed. Screening of the title and
abstract of the remaining 238 studies resulted in 190 being excluded due to irrelevance to the topic of
patient-reported outcomes for the PAO in patients with symptomatic hip dysplasia. A full-text assessment
was done on 48 studies, of which 41 were excluded based on our established exclusion criteria. The seven
remaining studies were included in this systematic review. Figure I illustrates our article selection process,
according to the PRISMA guidelines used in our study. Identification of studies was done with the consensus
of two authors, and when an agreement could not be reached, a third author was consulted.
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FIGURE 1: PRISMA diagram illustrating the article selection process

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

The following data were extracted from all seven included articles: first author, article title, time range of the
study, study type, number of patients, gender of patients, age of patients, number of hips, mean follow-up
time, BMI, LCEA, anterior center-edge angle (ACEA), acetabular index (AI), Tonnis osteoarthritis grade,
mHHS, HHS, WOMAC, indications for surgery, complications, outcomes, and patient satisfaction. Data were
extracted by two authors independently, and differences were resolved through extensive discussion.
Additionally, a quality assessment of the included articles was done by two authors independently using the
Methodological Index of Non-Randomized Studies (MINORS) grading system [15], and disagreements were
resolved through extensive discussion.

Results

Demographic Data

Across the eight studies, there were a total of 334 patients with a total of 366 hips. The mean age of patients
was 35.8 years, with the range of ages being between 12 and 60 years old (Table I).
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Author

Fan et al. [8]
Fujita et al. [9]

Gu et al. [10]

Maeyama et al.

(1]

Millis et al. [12]

Sakamoto et al.

[13]

Kralj et al. [14]

Number of patients Number of Mean age in years Mean follow-up time * SD MINORS
(female/male) hips (range) (range) Score
59 (42/17) 66 (NR) 33.61 (18-54) 3.01 years £ 1.19 (1-6 years) 15

83 (79/4) 85 (81/4) 41.2 (20-60) 12.4 months (12-16 months) 9

44 (40/4) 44 (40/4) 31.2£9.4 (12-49) 18 months (12-27 months) 12

25 (24/1) 25 (24/1) 32.1 (14-56) 1 year for all 14

70 (NR) 87 (NR) 43.6 (40-51) 4.9 years (2-13 years) 13

27 (27/0) 33 (NR) 17 (14-19) 33.3 months (24-96 months) 14

26 (22/4) 26 (NR) 34 (18-50) 12 years (7-15 years) 14

TABLE 1: Patient demographic information and article MINORS Quality Assessment Score

SD: standard deviation, MINORS: Methodological Index of Non-Randomized Studies grading system, NR: not reported.

Radiographic Data, Patient-Reported Outcomes, and Complications

The most commonly reported preoperative and postoperative radiographic measurements were the LCEA,
and of studies that mentioned the LCEA, the mean preoperative LCEA was 9.97° and the mean postoperative
LCEA was 35.4°. The preoperative Tonnis osteoarthritis grade of the studies that reported it was as follows: 0
(84 hips), 1 (123 hips), 2 (47 hips), and 3 (1 hip). The postoperative Tonnis osteoarthritis grade of the studies
that reported it was as follows: 0 (41 hips), 1 (47 hips), 2 (10 hips), and 3 (1 hip). Of the patient-reported
outcomes mentioned, five studies reported HHS, one study reported mHHS, and one study reported
WOMAC. Of studies reporting HHS, the mean preoperative HHS was 68.92 and the mean postoperative HHS
was 89.1. Of the study that reported mHHS, the mean preoperative mHHS was 70 and the mean
postoperative mHHS was 91. Of the studies reporting WOMAC, the mean preoperative WOMAC was 66 and
the mean postoperative WOMAC was 63. Lateral femoral cutaneous nerve (LFCN) damage was the most
common complication, occurring in 37 hips (Table 2).
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Preoperative
Author
radiographic findings

Fanetal. LCEA:9.02°+13.08°,

[8] Al: 22.82° +9.45°
Fujita et

NR
al. [9]

Guetal. LCEA: 10.7° £ 7.2°, Al:
[10] 23°

Maeyama
etal.[11]

LCEA: 10.68° + 7.42°

LCEA:8.1°+7.6°
(-12° to 30°), ACEA:
5.2°+8.9° (-15° to
26°), Al: 22.3° £ 7.4°
(7°-54°)

Millis et
al. [12]

Sakamoto LCEA: 10.2° (-3° to
etal. [13]  19°)

Kraljetal. LCEA: 15° (7°-26°),
[14] ACEA: 22° (5°-40°)

Preoperative
Postoperative Tonnis

radiographic findings  osteoarthritis

grade

0 (1 hip), 1
LCEA: 38.02° + 8.28°, (40 hips), 2
Al: 0.07° £7.13° (24 hips), 3 (1

hip)
LCEA: 40.66°, ACEA:

NR
42.99°, Al: 0.35°

0 (10 hips), 1
LCEA: 34.8° +7.1°, Al: (32 hips), 2 (2

ips),

9.5° .

hips)
LCEA: 29.8° + 6.32° 0 or 1 forall

LCEA: 30.1° + 10.1°
(-1° to 53°), ACEA: 0 (32 hips), 1
30.4° £ 12.4° (12°-79°), (39 hips), 2
Al:75°%£63°(-10°to (16 hips)
20°)

0 (29 hips), 1
LCEA: 33.1° (17°-55°) (3 hips), 2 (1

hip)

0 (12 hips), 1
LCEA: 37° (20°-68°),

(9 hips), 2 (4
ACEA: 38° (21°-56°)

hips)

Postoperative
Tonnis
osteoarthritis

grade

NR

Improved 0 to
1 (5 hips), 2 to
3 (2 hips)

0 (9 hips), 1
(34 hips), 2 (2
hips)

NR

NR

0 (28 hips), 1
(4 hips), 2 (1
hip)

0 (4 hips), 1 (9
hips), 2 (7
hips), 3 (2
hips)

Preoperative
patient-
reported

outcome

HHS: 61.00 =
16.16

HHS: 75.5
(39-96)

mHHS: 70

HHS: 78.08
(47-96)

HHS: 60.2 +
11.4 (40-79)

HHS: 80.1
(45-90)

WOMAC: 66

Postoperative
patient-
reported

outcome

HHS: 80.65 +
714

HHS: 94.2
(70-100)

mHHS: 91

HHS: 95.36
(88-100)

HHS: 85.4 +
17.1 (39-100)

HHS: 95.4
(85-100)

WOMAC: 63

TABLE 2: Radiographic data, patient-reported outcomes, and complications

Mean + SD (range) reported for radiographic findings and patient-reported outcomes when available. NR: not reported.

Complications (incidence)

Infection (2 hips), non-union of
fracture (1 hip), minor nerve

damage (10 hips)

NR

Sensory disturbance of the
lateral femoral cutaneous nerve
(6 hips)

NR

Global nonunion associated
with Gl sepsis 1 month after
surgery (1 hip), sciatic sensory

neuropraxia (1 hip)

Symptomatic ischial nonunion
(1 hip), nonunion of the superior
ramus osteotomy (4 hips),
superficial stitch abscess (2
hips), transient lateral femoral

cutaneous nerve palsy (3 hips)

Wound hematoma (1 hip),
fracture of the acetabulum (1
hip), pulmonary embolism (1
patient), sciatic nerve
dysfunction (1), dysaesthesia of
lateral femoral cutaneous nerve
(18)

Factors Associated with Outcomes

Fan et al. determined that changes in preoperative and latest follow-up HHS less than nine were defined as
an adverse outcome. Based on this definition, 46 hips were preserved while 20 were symptomatic. The mean
postoperative HHS of the preserved and symptomatic groups was 86.02 = 3.29 and 74.06 + 5.99, respectively,
a statistically significant difference. Statistical analysis determined that failure was much more likely when
the postoperative LCEA was greater than 38° or if the hips had fair or poor preoperative joint congruency.

Patients with an oversized postoperative LCEA and poor or fair preoperative hip joint congruency were

correlated with poor postoperative patient-reported outcomes via the HHS. A Tonnis angle of -10° to 0° was
however determined to be a factor correlated with success, as evidenced by a satisfactory postoperative HHS

[8].

Fujita et al. assessed the success of the PAO based on the rate of return to work one year post-operation. The
rate of return to work was 82.4%, with eight hips being unable to return to work due to symptoms regarding

their hip. No significant differences in clinical parameters or a specific type of work were determined

between patients returning to work and those not returning to work one year post-operation. Additionally,

there were no conversions to THA [9].

Gu et al. found that the probability of the postoperative mHHS being classified as excellent was six times
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more likely if a patient’s hip joint had a preoperative LCEA of greater than 4.5° compared to less than 4.5°.
This finding of a higher postoperative mHHS in those with a preoperative LCEA of greater than 4.5° was
most common in patients with a preoperative Tonnis osteoarthritis grade of 1. Additionally, there were
decreased levels of postoperative pain and symptoms and no cases of failed surgeries [10].

Maeyama et al. studied the dynamic instability of hips using triaxial accelerometry after undergoing PAO, a
unique measurement of outcome different from other studies in this review. The findings suggest that PAO
reduces dynamic instability, provides pain relief, and improves acetabular coverage in patients with hip
dysplasia [11].

Millis et al. performed a survival analysis of patients undergoing the PAO and found that, of all 87 patients,
the mean survival was 8.4 years. 66 (75.9%) of the 87 patients were found to maintain their native hip joint at
a mean follow-up of five years. The remaining 21 hips underwent THA at a mean time of 5.2 years (range,
1.9-7.6 years) from their initial PAO. The risk for an earlier conversion to THA was correlated with a higher
preoperative Tonnis osteoarthritis grade. At five years, the risk of conversion to THA was 12% in hips with a
preoperative Tonnis osteoarthritis grade of zero or one and 27% for a Tonnis osteoarthritis grade of two.
Additionally, preoperative HHS for both surviving and converting to THA hips was similar: 60.7 and 57.6,
respectively. Postoperatively, however, surviving hips had a significantly higher HHS compared to hips that
were converted to THA: 90.3 and 61.9, respectively [12].

Kralj et al. also performed a survivorship analysis of the PAO to determine the long-term mechanical status
of the hip. Of 26 total hips, four required conversion to THA after a mean time of 4.5 years from the initial
PAO. Of the four failed hips, the mean preoperative WOMAC score was 50, the mean preoperative Tonnis
osteoarthritis grade was either 2 or 3, and there was a less favorable correction for LCEA and ACEA.
Additionally, the four failed hips had higher levels of postoperative peak contact stress compared to the
eight hips with advanced arthrosis; both of these groups had similar postoperative LCEA values. The 22
surviving hips, however, had a mean preoperative WOMAC score of 70 and Tonnis osteoarthritis grades of
zero or one, whereas the mean postoperative WOMAC was 63, a statistically insignificant difference.
Preoperative WOMAC scores and Tonnis osteoarthritis grades were therefore considered very important
factors when predicting the long-term outcome of the PAO. Additionally, of the 22 surviving hips, eight hips
showed signs of significant arthrosis progression, whereas the remaining 14 hips had either no or mild
arthrosis at follow-up. With a relatively long follow-up of 7-15 years, the progression of arthrosis by
approximately one grade occurred in all patients, even those considered successful. An even longer follow-
up was therefore hypothesized to show clinical deterioration in even the 14 hips considered successful. One
factor that may have biased the results was that the average age at operation was lower in those with mild or
no arthrosis compared to those with advanced arthrosis. However, since the total number of hips analyzed in
this study was only 26, larger case series are necessary to determine whether age is also a risk factor for poor
outcomes [14].

Discussion

The PAO as described by Ganz et al. has been considered an effective approach for correcting hip dysplasia
[6]. This review provides a compilation of patient-reported outcomes, radiographic characteristics, and
outcomes of patients undergoing the PAO for symptomatic acetabular hip dysplasia. The patients in this
review did not undergo any prior intervention for acetabular hip dysplasia, allowing for an unbiased
reporting of outcomes from all included studies. The minimal clinically important difference (MCID) for
HHS in hip preservation surgery has previously been established to be between a seven- and nine-point
increase [16]. All five of our studies reporting the HHS had a mean improvement greater than the established
MCID value, with a minimum mean increase of 15 points and a maximum mean increase of 25 points. The
MCID for the WOMAC score in hip preservation surgery has also previously been established to be between a
change of 9 and 12 points from baseline [16]. One of our studies reporting WOMAC achieved an MCID with a
29-point improvement; however, the other study did not achieve an MCID, as the WOMAC score improved
by only three points. The MCID for the mHHS in hip preservation has been established to be an improvement
of eight points [17]. The single study in our review reporting mHHS reported a mean improvement of 21
points. Overall, seven of our eight included studies achieved an MCID in patient-reported outcomes;
however, the single study by Kralj et al. [14] that did not achieve an MCID had a mean follow-up time of 12
years (ranging from 7-15 years). The seven other studies all had a mean follow-up time of fewer than five
years. This is a significant finding because Kralj et al. found that of the 22 surviving hips, eight showed signs
of significant arthrosis progression, and the remaining 14 showed either no or mild arthrosis. With a
relatively long follow-up of 7-15 years, progression of arthrosis by approximately one grade occurred in all
patients, even those considered successes, and this is likely the reason for an MCID not having been
achieved.

Studies included in this review reporting factors associated with failure include fair or poor hip joint
congruency, a postoperative Tonnis angle between -10° and 0°, a postoperative LCEA less than 38°, a
preoperative LCEA greater than 4.5°, and a preoperative Tonnis osteoarthritis grade of 0 or 1. Failure was
defined as conversion to THA or failure to reach a postoperative patient-reported outcome threshold score.
These findings are similar to other studies such as Harting-Andreasen et al., who found that at a 4- to 12-
year follow-up, factors associated with conversion to THA included higher age, a preoperative Tonnis
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osteoarthritis grade of 2, hip incongruency, a postoperative joint space width of 3 mm or less, and a
postoperative LCEA less than 30° or greater than 40° [18]. Wells et al. also found that factors impacting
progression to THA include age greater than 25 years, poor or fair hip congruency, and a preoperative joint
space width less than 2 mm and greater than 5 mm [19].

A limitation of this review was that we did not exclude studies based on the ages of patients undergoing
PAO. The effect of this is specifically evident in the findings of the studies by Millis et al. [12], which focused
on patients between the ages of 40 and 51, and Sakamoto et al. [13], which focused on patients between the
ages of 14 and 19. Despite both groups having similar mean preoperative and postoperative LCEAs, Millis et
al. had a significantly higher proportion of hips with a Tonnis osteoarthritis grade of one or two (63%)
compared to Sakamoto et al. (12%). Both groups also had significant improvements in the HHS; however,
Sakamoto et al. had a mean preoperative HHS of 20 points higher than Millis et al. (80.1 vs. 60.2) and a mean
postoperative HHS of 10 points higher (95.4 vs. 85.4). Additionally, Millis et al. reported conversions to THA
occurring in 24% of hips. Conversely, the mean age of patients in Fujita et al. [9] and Millis et al. was similar
(41.2 vs. 43.6), but Fujita et al. had a postoperative HHS similar to that of Sakamoto et al. (94.2 vs. 95.4).
Similar postoperative HHS in Fujita et al. and Sakamoto et al. may, however, be attributed to a shorter
follow-up time of 12.4 months in the former and a longer follow-up time of 33.3 months in the latter. In a
study by Muffly et al., at a mean follow-up of 4.71 years, preoperative WOMAC scores were the lowest in
patients over the age of 40 but were significantly higher postoperatively when compared to patients in
groups of less than 20, 20-29, and 30-39 years [20]. These findings thus demonstrate that age alone may not
be an appropriate selection criterion to evaluate candidates for the PAO and instead a multitude of variables
need to be considered, such as radiographic and physical exam findings.

Of the complications occurring in patients undergoing the PAO in our review, the most common were
sensory disturbance of the LFCN, occurring in 37 (10%) hips, and nonunion, occurring in seven (1.9%) hips.
In a systematic review discussing complications, Ali et al. found that across 4070 hips in 40 studies, the most
common complication was also injury of the LFCN, occurring in 250 (6.14%) hips. Nonunion was the third
most common complication, occurring in 90 (2.2%) hips. Increased rates of LFCN injuries were found in
patients who underwent the ilioinguinal and two-incision approaches, while minimally invasive trans-
trochanteric and trans-sartorial approaches were not associated with nerve injuries [21]. Other studies
report LFCN injury occurring in 14.8% to as many as 67% of patients [22-23]. Kalhor et al. and Thiagarajah et
al. present similar techniques to avoid injury to the LFCN by initially making a c-shaped incision and then
making a fascial incision more laterally or over the belly of the tensor fascia lata to avoid LFCN damage [24-
25]. Cates et al., however, believe that the approach of making an incision lateral to the tensor fascia lata may
result in damage to the superior or posterior branches of the LFCN crossing the tensor fascia lata [23]. Injury
to the LFCN is demonstrated to be exclusively related to the surgical approach, but injury has not been
shown to impact hip function and rather has a greater impact on mental health. However, unintended
damage to the LFCN is rarely the cause of poor patient outcomes [24,26].

Conclusions

In patients with no prior intervention for hip dysplasia, the PAO is a successful procedure with significant
improvement in postoperative patient-reported outcomes, including the HHS, mHHS, and WOMAC. In this
review, patients in six of the seven studies achieved an MCID in patient-reported outcomes. Additionally,
studies included in this review report factors associated with failure that include fair or poor hip joint
congruency, a postoperative Tonnis angle between -10° and 0°, a postoperative LCEA less than 38°, a
preoperative LCEA greater than 4.5°, and a preoperative Tonnis osteoarthritis grade of zero or one. At a long
enough follow-up of around 15 years, PAOs initially considered successful may begin to show signs of hip
arthrosis progression. Studies with longer follow-ups are prompted to derive firm conclusions regarding the
long-term survivorship of the PAO in patients with no prior intervention for hip dysplasia.
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