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Abstract

Background Conflicting evidence exists regarding outcomes in middle-aged patients undergoing periacetabular osteotomy
(PAO) for symptomatic developmental dysplasia of the hip (DDH).

Aims To compare patient reported outcomes (PROMs) of middle-aged PAO patients with younger patient groups.
Methods Retrospective analysis of prospectively collected data of PAO patients between 01/2015 and 06/2017 at a single
orthopedic university center with a primary diagnosis of symptomatic DDH. The cohort was divided into four age groups
and compared: <20, 20-30, 30—40 and > 40 years. Joint function was assessed using iHOT-12, mHHS and SHV. Activity
level was assessed using UCLA Activity score. Patient satisfaction and pain were assessed on the numerical rating scale
0-10. Conversion rates to THA were assessed.

Results Out of 202 PAOs, 120 cases with complete data were included. Mean follow-up was 63 months (range 47-81 months).
Eighteen patients were < 20 years old, 54 were 20-30 years, 37 were 30-40 years, 11 patients were older than 40. No sig-
nificant differences were observed for preoperative or postoperative iHOT-12 (p =0.898; p=0.087), mHHS (p =0.878;
p=0.103), SHV (p=0.602; p=0.352) or UCLA (p=0.539; p=0.978) between groups. Improvement deltas were also not
significantly different for all PROMs. Postoperative patient satisfaction was similar between groups (p =0.783).
Conclusion Patients with symptomatic DDH may benefit from PAO even at middle age with similar outcomes and pre- to
postoperative improvements as younger age groups. Indication should be based on biological age and preoperative joint
condition rather than age.
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Introduction

Developmental dysplasia of the hip is the leading cause of
secondary osteoarthritis of the hip [1-5]. If diagnosed in
time periacetabular osteotomy (PAO) is the treatment of
choice in patients with symptomatic acetabular hip dys-
plasia with good long-term results [6—9]. Through defined
osteotomies, the acetabulum is completely detached from
the pelvis and then three-dimensionally reoriented, thus
improving biomechanics of the joint and avoiding pathologic
contact pressure [10, 11]. However, in order to achieve the
best possible treatment success, accurate patient selection
suitable for this procedure is essential. In addition to the
precision of acetabular reorientation, various factors pre-
dicting treatment success have been identified. The patient
ideally has no or only minor degeneration of the hip joint
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13]. Increasing patient age at the time of surgery has also
been defined as a negative outcome predictor in some studies
[6, 7]. In these studies, objective criteria such as conver-
sion rate to THA or osteoarthritis progression were used to
assess outcome [7, 9, 13, 14]. However, for the individual
patient, the impact of surgery on joint-specific function and
quality of life may be more important for satisfaction with
surgery than the abstract metric of conversion. While some
authors consider the ideal PAO patient to be under 35 years
of age, others consider 40 years of age to be a relative con-
traindication for surgery [7, 9, 10]. Little evidence exists on
the extent to which such middle-aged patients benefit from
PAO in terms of function, quality of life, and satisfaction,
and whether differences exist compared to younger patient
groups. Therefore, the aim of the presented study was to
compare outcomes between different age groups and thus
assess the influence of age on patient reported outcomes
and patient satisfaction after periacetabular osteotomy. The
null hypothesis was that middle-aged patients would benefit
from PAO to the same extent as younger patients when well
selected.

Methods
Study cohort

We performed a retrospective study of prospectively col-
lected data from our institutional PAO database. Approval
of the local ethics committee was obtained beforehand
(EA1/052/21). Included were patients who underwent PAO
between January 2015 and June 2017 at a single orthopedic
university center with a primary diagnosis of symptomatic
developmental dysplasia of the hip (DDH) based on defined
parameters as well as complete information on preopera-
tive and postoperative hip function at follow-up and signed
informed consent. Excluded were patients treated with PAO
for indications other than symptomatic DDH, osteoarthritis
grade > 1 according to Tonnis, prior surgery on the ipsilat-
eral joint or incomplete data.

Four different age groups were defined with patients
younger than 20, between 20 and 30, between 30 and 40,
and older than 40 at the time of surgery.

DDH was diagnosed from standardized standing anter-
oposterior radiographs. All hips had > 1 radiographic
abnormality, including a lateral center—edge angle (LCEA)
according to Wiberg of < 25°, acetabular inclination accord-
ing to Tonnis (AI) of > 10°, and a femoral head extrusion
index (FHEI) according to Heyman and Herndon of > 26%.
Femoral head congruency was determined preoperatively
via functional radiographs in 30° of abduction and was good
in all hips. All hips had osteoarthritis grade <1 according
to Tonnis.

@ Springer

Surgical procedure

All PAOs were performed according to the Ganz technique
as previously described [15]. An anterior approach was used,
and acetabular reorientation was achieved under fluoro-
scopic guidance. A normalization of the LCEA to 30-35°,
Al below 10° and an FHEI of between 10 and 25% were
targeted intraoperatively.

Data collection

Hip function was assessed using the modified Harris Hip
Score (mHHS), International Hip Outcome Tool 12 (iHOT-
12) and Subjective Hip Value (SHV). While the latter have
been previously found suitable in the context of hip joint
preservation surgery [16, 17], the mHHS is predominantly
used in the context of hip arthroplasty. Nevertheless, it was
additionally used in the presented study to allow comparabil-
ity with the few previous studies that have assessed outcome
after PAO in middle-aged patients [7, 18]. Patient-reported
outcome measures (PROMs) were collected at follow-up via
a hip-specific questionnaire. Patient satisfaction and pain
were assessed via Numerical Rating Scale (NRS). Activity
level was assessed using the UCLA Activity Score (UCLA).
PAO failure was defined as conversion to total hip arthro-
plasty. Patients were contacted for follow-up by mail and
phone.

Statistics

Statistical analyses were performed using SPSS Version 27
(IBM Corporation, New York, USA). For statistical analy-
sis of pairwise comparison of paired data Wilcoxon-rank
sum test was used. For comparison between more than two
groups, Kruskal-wallis test with post hoc testing with Bon-
ferroni correction was used. Pearson's chi-square test was
executed for testing distribution differences of categorical
data. The significance level was set at p <0.05 for all tests.

Source of funding

No funding was received for this study.

Results
Demographics
A total of 202 consecutive hips in 183 patients who under-

went PAO between 01/2015 and 06/2017 were included. Six
hips were excluded due to primary diagnosis of acetabular
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retroversion and eleven due to insufficient pre- or postopera-
tive imaging. Sixty-five hips were excluded due to missing
follow-up data. Thus, we included a total of 120 PAOs in
103 patients.

Eighteen patients were under 20 years old at the time
of surgery, 54 between 20 and 30 years, 37 between 30 and
40 years, 11 patients were older than 40. Mean follow-up
was 63 months (range 47-81 months). Demographics of the
different groups are given in Table 1.

Effect of PAO on radiological parameters

In all groups, significant improvement in femoral head cov-
erage was achieved by PAO as presented in Table 2.

Differences in PROMs pre- and postoperatively

Overall, significant improvements were observed for mHHS,
iHOT-12, SHV and UCLA (p <0.001) across the study
cohort.

No significant differences between the age groups were
detected for PROMs pre- nor postoperatively by intergroup
comparison. Consequently, no differences for postoperative
function as measured by mHHS, iHOT-12 and SHV were
observed. Pre- to postoperative differences in PROMs were
also not significantly different for all measures between
groups. There was also no significant difference in postoper-
ative patient satisfaction between age groups. For a detailed
summary of intergroup comparison, see Table 3.

Conversion to arthroplasty
Two patients underwent conversion to THA in the follow-up

period. No differences were detected between the age groups
as presented in Table 4

Discussion

While PAO is well established as the treatment of choice for
symptomatic hip dysplasia in the prearthrotic state, there are
no uniform recommendations for the upper age limit above
which PAO should no longer be recommended.

The results of our study showed no significant difference
in PROMs and activity level as well as patient satisfaction
between the age groups studied in a cohort of 120 PAOs at
mid-term follow-up. Preoperative and postoperative values
as well as the delta of improvement were comparable in the
different groups. Conversion to THA was low with just two
cases in the entire cohort one of which occurred in the age
group 20-30 and one in the group above 40 years.

In a long-term follow-up study by Lerch et al., in addition
to a lower preoperative mHHS and degree of osteoarthri-
tis >2 according to Tonnis, patient age was identified as a
negative outcome predictor associated with higher conver-
sion rates to THA [7]. In our cohort, there was no difference
between groups in terms of preoperative mHHS, whereas
the older groups were significantly more likely to have an
osteoarthritis grade of 1 but not higher. This suggests that
if certain indication criteria, such as preoperative function
and degree of osteoarthritis, are met, PAO can be indicated
even in advanced age and good postoperative function and
patient satisfaction can be achieved.

In a study by Zhu et al., 36 middle-aged patients between
35 and 47 years were followed-up at a mean of 5 years and
showed good hip survivorship and function as measured
using the mHHS concluding that PAO should be indicated
in those patients. While the follow-up time was comparable
to our study cohort, no comparison was made with younger
patients [19].

In a retrospective multicenter study investigating PAO
outcomes in patients over the age of 40, Millis et al. assessed
hip function and survivorship in 87 PAO cases at a mean
follow-up of nearly 5 years. The authors found that at follow-
up, 24% of patients converted to THA, but those remaining
showed good pain reduction and function as measured using
the mHHS. While there was no difference in preoperative

Table 1 Patients’ demographics <20 20-30 30-40 > 40 p
N= 18 54 37 11
Age 173 (x1.4) 24.7 (£2.9) 33.7 (£2.8) 423 (+1.8) <0.001
BMI 212 (x£1.6) 24.1 (£5.3) 25.6 (+4.0) 24.6 (+4.8) 0.008
Female: Male 17:1 48:6 27:10 10:1 0.094
Tonnis osteoarthritis  18/0 28/26 5/32 0/11 <0.001
grade (0/1)

Values are presented as mean and standard deviation. Significance level was set at p<0.05. Intergroup
comparison was performed by Kruskal-wallis test for age and BMI. Chi-square test was performed for sex
and Tonnis arthrosis grade. Significant values are marked in bold.
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Table 4 Conversion rate of PAO to hip arthroplasty in the age cohorts

<20 20-30 3040 >40 pvalue

Conversion to hip arthroplasty 0/18 1/53  0/37
(yes/no)

1/10  0.200

Conversion rate to hip arthroplasty is presented in count of hips,
which were converted to THA in the follow-up time. Conversion
rate was evaluated by Chi-Square Test. Significance level was set at
p<0.05

function in this cohort studied, the degree of osteoarthritis
appeared to be a determinant of outcome with a 27% risk
for THA conversion in patients with preoperative Tonnis
2 degree of osteoarthritis [18]. This underlines that pre-
operative joint condition or biological age rather than the
mere age of the patient seems to be of greater importance
for the indication. This is consistent with the results of our
study in which no patient had a preoperative degree of oste-
oarthritis > 1 and good function and satisfaction could be
achieved even in middle-aged patients with low conversion
rates. However, the authors did not compare outcomes with
younger patient groups [18].

While such studies have reported good results in mid-
dle-aged PAO patients but have not compared these with
younger groups [18, 19], other authors recently compared
outcome between age groups with a similar grouping as in
our study with conflicting results [20, 21]. In a multicenter
study reported by Muffly et al., 391 PAO patients were
assessed with the same age grouping as in our study design
and improvement was observed in all age groups at 2-year
follow-up. Interestingly, significantly greater functional
improvement was observed in the age group above 40 years
than in patients < 20 and 30-39 years. On the other hand, no
influence of age and degree of osteoarthritis on outcome was
observed, and the authors concluded that age alone should
not be an appropriate selection criterion. In contrast to our
study with a mid-term follow-up, the follow-up in the afore-
mentioned work was relatively short, limiting longer-term
conclusions. However, similar to our results, it was shown
that with good patient selection, PAO can achieve excellent
functional results in middle-aged patients.

The other study with the same age grouping by Franken
et al. assessed 86 PAO patients (106 hips) at mid-term fol-
low-up. The authors reported significant improvements in
all 4 age groups, but both lower preoperative and postopera-
tive joint-specific function were observed in patients aged
40 years and older. However, the differences between pre-
operative and postoperative conditions were similar between
age groups without significant differences between improve-
ment deltas [20]. This is consistent with the observations of
our study, where there was also no difference in functional
improvement deltas pre- to postoperatively between the
investigated groups.

The contrasting results of the different studies may sug-
gest either concomitant co-pathologies of the hip that impact
surgical outcomes or different patient selection, which makes
comparability difficult. Degenerative joint changes, which
are often associated with increasing age, intra-articular
chrondrolabral pathologies or concomitant femoroacetabu-
lar impingement probably play a particularly important role.
An isolated view of specific influencing factors such as age
alone therefore does not appear to be sufficient. Rather, the
indication for PAO must be made in a multifactorial concept
that considers various other factors in addition to patient age
alone [22-24]. In summary, although mixed results of vari-
ous studies with partly different study designs are available
so far, the sole patient age seems to be unsuitable as an abso-
lute indication criterion. A subjective age threshold above
35 or 40 years as a contraindication for PAO, as also found
in the literature, thus seems at least questionable [9, 25].

The present study has several limitations. The first limita-
tion of our study is the retrospective study design. A second
limitation is the relatively small number of patients in the
group over 40 years of age, which may limit power. How-
ever, with the comparison between different age groups, this
study adds to the scarce evidence on the studied topic. Third,
the mHHS is historically more established for the assess-
ment of THA patients, and ceiling effects have been reported
in the context of hip preservation surgery. However, its use
in this study allows comparison with the few previous stud-
ies on the topic and additionally the iHOT-12 was used. A
fourth limitation is the relatively large loss to follow-up due
to change of contact information. However, we were still
able to follow-up a total of 120 patients. Lastly, it must be
stated that in the group over 40 years of age, the preoperative
radiological parameters indicate milder dysplasia at mean.
However, similar correction values were obtained postop-
eratively in all groups.

Conclusion

Patients with symptomatic hip dysplasia may benefit from
PAO even at middle age with similar outcomes and pre-
to postoperative improvements compared to younger age
groups, if well selected. The indication should be based on
the biological age of the patient and the preoperative joint
condition rather than mere age as part of a multifactorial
concept. The results of this study can be useful to orthopedic
surgeons in decision making and patient education when
considering PAO in middle-aged patients.

Funding Open Access funding enabled and organized by Projekt
DEAL.
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shared by the corresponding author upon reasonable request.

Declarations

Conflict of interest Vincent Leopold, Christian Hipfl, Carsten Perka,
Sebastian Hardt and Luis Becker have nothing to disclose related to
this work.

IRB Institutional review board approval was obtained (EA1/052/21).

Level of evidence 111, observational cohort study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ipach I, Mittag F, Syha R, Kunze B, Wolf P, Kluba T (2012)
Indications for total hip arthroplasty in young adults—idiopathic
osteoarthritis seems to be overestimated. Rofo 184(3):239-247

2. Wyles CC, Heidenreich MJ, Jeng J, Larson DR, Trousdale RT,
Sierra RJ (2017) The John Charnley award: redefining the nat-
ural history of osteoarthritis in patients with hip dysplasia and
impingement. Clin Orthop Relat Res 475(2):336-350

3. Agricola R, Heijboer MP, Roze RH et al (2013) Pincer deformity
does not lead to osteoarthritis of the hip whereas acetabular dys-
plasia does: acetabular coverage and development of osteoarthritis
in a nationwide prospective cohort study (CHECK). Osteoarthr
Cartil 21(10):1514-1521

4. Thomas GE, Palmer AJ, Batra RN et al (2014) Subclinical
deformities of the hip are significant predictors of radiographic
osteoarthritis and joint replacement in women. A 20 year longi-
tudinal cohort study. Osteoarthr Cartil 22(10):1504-1510

5. ZieglerJ, Thielemann F, Mayer-Athenstaedt C, Gunther KP (2008)
The natural history of developmental dysplasia of the hip. A meta-
analysis of the published literature. Orthopade 37(6):515-524

6. Ahmad SS, Giebel GM, Perka C et al (2021) Survival of the dys-
plastic hip after periacetabular osteotomy: a meta-analysis. Hip
Int 33:306-312

7. Lerch TD, Steppacher SD, Liechti EF, Tannast M, Siebenrock KA
(2017) One-third of hips after periacetabular osteotomy survive
30 years with good clinical results, no progression of arthritis, or
conversion to THA. Clin Orthop Relat Res 475(4):1154-1168

8. Clohisy JC, Ackerman J, Baca G et al (2017) Patient-reported
outcomes of periacetabular osteotomy from the prospective
ANCHOR cohort study. J Bone Jt Surg Am 99(1):33-41

9. Matheney T, Kim YJ, Zurakowski D, Matero C, Millis M
(2009) Intermediate to long-term results following the Bernese

@ Springer

periacetabular osteotomy and predictors of clinical outcome. J
Bone Jt Surg Am 91(9):2113-2123

10. Weber M, Ganz R (2002) Die berner periazetabulire osteotomie.
Oper Orthop Traumatol 14(2):99-121

11. Novais EN, Duncan S, Nepple J, Pashos G, Schoenecker PL, Clo-
hisy JC (2017) Do radiographic parameters of dysplasia improve
to normal ranges after bernese periacetabular osteotomy? Clin
Orthop Relat Res 475(4):1120-1127

12. Wells J, Schoenecker P, Duncan S, Goss CW, Thomason K, Clo-
hisy JC (2018) Intermediate-term hip survivorship and patient-
reported outcomes of periacetabular osteotomy: the Washington
University experience. ] Bone Jt Surg Am 100(3):218-225

13. Hartig-Andreasen C, Troelsen A, Thillemann TM, Soballe K
(2012) What factors predict failure 4 to 12 years after periac-
etabular osteotomy? Clin Orthop Relat Res 470(11):2978-2987

14. Steppacher SD, Tannast M, Ganz R, Siebenrock KA (2008) Mean
20-year followup of Bernese periacetabular osteotomy. Clin
Orthop Relat Res 466(7):1633-1644

15. Ganz R, Klaue K, Vinh TS, Mast JW (1988) A new periacetabu-
lar osteotomy for the treatment of hip dysplasias. Technique and
preliminary results. Clin Orthop Relat Res 232:26-36

16. Griffin DR, Parsons N, Mohtadi NG, Safran MR, Multicenter
Arthroscopy of the Hip Outcomes Research N (2012) A short
version of the International Hip Outcome Tool (iHOT-12) for use
in routine clinical practice. Arthroscopy 28(5):611-616 (quiz
16-18)

17. Krueger DR, Leopold VJ, Schroeder JH, Perka C, Hardt S (2020)
Correlation of the subjective hip value with validated patient-
reported outcome measurements for the hip. J Clin Med 9(7):2179

18. Millis MB, Kain M, Sierra R et al (2009) Periacetabular oste-
otomy for acetabular dysplasia in patients older than 40 years: a
preliminary study. Clin Orthop Relat Res 467(9):2228-2234

19. ZhuJ, Chen X, Cui Y, Shen C, Cai G (2013) Mid-term results of
Bernese periacetabular osteotomy for developmental dysplasia of
hip in middle aged patients. Int Orthop 37(4):589-594

20. Franken L, Thielemann F, Postler A et al (2018) Periacetabu-
lar osteotomy-what influence does age have on patient-rele-
vant results?: a prospective S-year investigation. Orthopade
47(3):228-237

21. Muffly BT, Zacharias AJ, Jochimsen KN et al (2021) Age at the
time of surgery is not predictive of early patient-reported outcomes
after periacetabular osteotomy. J Arthroplasty 36(10):3388-3391

22. Goronzy J, Giinther K-P (2023) Hiiftdysplasie im Grenzbereich:
Welchen Einfluss haben Alter, Arthrose und Begleiterkrankungen
auf das Behandlungsergebnis? Die Orthopidie

23. Wells J, Millis M, Kim YJ, Bulat E, Miller P, Matheney T (2017)
Survivorship of the Bernese periacetabular osteotomy: what fac-
tors are associated with long-term failure? Clin Orthop Relat Res
475(2):396-405

24. Albers CE, Steppacher SD, Ganz R, Tannast M, Siebenrock
KA (2013) Impingement adversely affects 10-year survivorship
after periacetabular osteotomy for DDH. Clin Orthop Relat Res
471(5):1602-1614

25. Weber M, Ganz R (2002) The Bernese periacetabular osteotomy.
Orthoped Traumatol 10(2):93-112

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

	Periacetabular osteotomy for symptomatic hip dysplasia in middle aged patients: does age alone matter?
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study cohort
	Surgical procedure
	Data collection
	Statistics
	Source of funding

	Results
	Demographics
	Effect of PAO on radiological parameters
	Differences in PROMs pre- and postoperatively
	Conversion to arthroplasty

	Discussion
	Conclusion
	References




