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How to prevent graft resorption or breakage Ghack o

in shelf acetabuloplasty for Perthes disease
with hinge abduction - A modified Staheli technique
successful in 31 hips in midterm results

© Nariman Abol Oyoun, Mohamed Khaled, Hesham Elbaseet, Abdel Khalek Ibrahim

Assiut University Hospital, Assiut, Egypt

BACKGROUND: Shelf acetabuloplasty covers the hip and allows remodeling in hips with Legg-Calvé-Perthes disease
and hinge abduction. Graft resorption or breakage is a bad complication that necessitate another surgical procedure.

AIM: Our report evaluates a modified Staheli technique for graft resorption or breakage.

MATERIALS AND METHODS: Case series study of 31 hips (29 patients) with mean age at operation was 8.1 (range
6-14 years). Duration of complaint ranged between one year and up to three years with the mean duration 1.52 + 0.76 years.
The different parameters evaluating the hip as: Tonnis angle, Sharp angle, center-edge angle, and acetabular coverage per-
centage were measured. For unilateral cases only, medial joint space ratio and epiphyseal height ratio were evaluated.

RESULTS: The mean postoperative follow-up was 47.8 + 9.8 months. All studied joints had Catterall type IV, Salter-Thomp-
son classification type B. Seven joints were in Fragmentation stage whereas 24 joints were in re-ossification stage. Based on
Lateral Pillar classification; only two joints were classified as B/C and 29 joints were classified as C. Final follow up internal
rotation, abduction, center-edge angle, and acetabular coverage percentage were found to be significantly higher. In contrast,
Tonnis angle and Sharp’s angle were significantly decreased. For unilateral cases, it was found that medial joint space ratio
and epiphyseal height ratio were significantly decreased. None of the hips had resorbed or broken graft till final follow up.

CONCLUSIONS: This modified Staheli technique prevent graft resorption or breakage. Shelf provides a good acetabular
coverage for the deformed aspherical head with Legg-Calvé-Perthes disease and hinge abduction to improve hip clinical and
radiological outcome.
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lpepoTBpauieHne pesopbuum Uam NoNOMKU
TpaHcnAaHTaTa npu aueTtabynonnacTuke B COYMETAHUM

¢ Koppurupyiouweu shelf-ocreotommuent npu 6onesHu
Nepreca c peHoMeHoM hinge-abduction:

31 cnyyait ycnewHoro npuMeHeHUA ycoBepLIEHCTBOBAHHOM
TexHuku Staheli B cpepgHecpo4HoM nepcnekTuBe

© Nariman Abol Oyoun, Mohamed Khaled, Hesham Elbaseet, Abdel Khalek Ibrahim

Assiut University Hospital, Acbtot, Erunet

06ocHosaHue. Auetabynonnactuka c shelf-octeoTomMueit obecneumBaeTt xopoLuee NOKpbITUE FoNoBKM Geapa M N03Bo-
NAET NPOM3BOAMTL €e peMoaenvpoBaHue npu bonesuu Jlerra — Kanbse - Mepteca ¢ geHoMeHoM hinge-abduction (wap-
HUPHOr 0 0TBefEeHMA). Pe3opbLmA UM NoMoMKa TpaHCMIaHTaTa — Cepbe3HOE 0C/IOXKHEHKe, TpebyloLLee NOBTOPHOM XMPYp-
rM4ecKoi onepawmu.

Llene — oueHWTb YCOBEPLLEHCTBOBaHHYI0 TexHMKY Staheli, npuMeHaeMylo ana npegoTspalleHuns pesopbuum unm no-
NIOMKM TpaHcnaHTara.

Mamepuanel u Memodel. ViccnepoBaHue cepum ciydaes (31 TasobeapeHHbIf cycTas, 29 NaLMeHTOB), CpeaHuMit Bo3pacT
Ha MoMeHT onepauuu coctasun 8,1 roga (6-14 neT), npoaomKkuTeNbHOCTL 3aboneBaHnA BapbupoBana ot 1 roga ao 3 net
(B cpeoHem 1,52 + 0,76 roga). CoctoAHMe ronoBKu 6eapeHHOM KOCTM OLLEHMBAIM C MOMOLLbI0 Pa3/IMYHbIX MOKa3aTenen:
yrnbl Tonnis, Sharp, Wiberg (ueHTpansHo-Kpaesoin yron, CEA), BenmumHy aueTtabynapHoro nokpoitua. Mpu 04HOCTOPOHHEW
bonesnu flerra - Kanbee - MepTeca onpeaensany KO3GAULMEHTbI LUMPUHBI CYCTABHOM LLENW B MELMANBHOM OTAENE U Bbl-
COTbI 3nndu3a.

Pesynemamel. CpegHuii nepuog, nocneonepaumoHHoro HabniogeHna coctasun 47,8 + 9,8 mec. B cooTBeTcTBUMM C Knac-
cuduraumen Catterall Bce uccnemyeMble cyctasbl oTHocunu K IV Tuny, cornacHo knaccudmraumm Salter — Thompson —
K Tuny B. U3 Hux 7 cycTaBoB Haxoaunuch Ha cTafuu ¢parMeHTaumu, 24 cyctaBa — Ha cTagum peoccudumraumu. Mo knac-
cupmraumm Lateral pillar Tonbko 2 cyctaBa uMenu creneHb Hekpo3sa B/C, 29 cyctaBos — cteneHb C. lNo oKoHYaHum
nepuoja HabnwoaeHUs 0TMEYanu 3HauMTeNbHO 60fiee BLICOKME MOKAa3aTeNy BHYTPEHHEW poTauuu W oTBefeHuA beapa,
CEA v auetabynsapHoro nokpeiTuaA, Toraa Kak yrael Tonnis u Sharp ctanu MeHee BbipaeHHbIMU. O6HApYHKeHO TaKKe 3Ha-
unTENbHOE YMEHbLLEHWE KOIPOMLMEHTOB LUIMPUHBI CYCTaBHON LN MeAManbHOro 0TAena U BblcoTbl anMdu3a Npu 0gHO-
cTopoHHen 6onesnu flerra - Kanbse - Mepteca. [lo okoHYaHuA nepuoga HabnoLeHWA HU B OOHOM U3 Ta306e[peHHbIX
CycTaBoB He 6bin0 06Hapy*KeHo NPM3HAKOB pe3opbLMK UM NOIOMKU TPaHCM/IaHTaTa.

3akrnoyeHue. YcoBeplueHCTBOBaHHaA TexHuKa Staheli mpepoTBpallaeT pesopbumio MM NONMOMKY TpaHChaaHTaTa.
Shelf-npoueaypbl obecneunBaioT xopollee aueTabynApHoe MNOKpbiTME [LedOpMUPOBAHHOM FOM0BKM 6eapeHHON KocTu
achepuyeckoit popMbl Npun bonesnu flerra - Kanbee - MepTeca ¢ deHoMeHoM hinge-abduction, yto cnocobeTsyeT ynyulle-
HWI0 Pe3yNbTaToB KIMHUYECKOT0 U PEHTTEHONOMMYECKoro 06cneaoBaHuA.

KnioueBble cnoBa: bonesHb lepteca; auetabynonnactuka B codetaHum c shelf-octeotomueis; deHomen hinge-abduction;
bonesHb flerra - Kanbse - MNepteca.
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ORIGINAL STUDY

BACKGROUND

Shelf acetabuloplasty covers the femoral head and allow
remodeling in hips with Legg-Calvé-Perthes disease (LCPD)
and hinge abduction. The exact etiology of Perthes is
unknown till now. Disruption of the blood supply of the
capital femoral epiphysis (head) results in osteonecrosis
and chondronecrosis of femoral epiphysis and ossific
nucleus ceases to grow. Resorption of the necrotic bone and
replacement by new bone happens at the end. Weakness of
mechanical properties of the femoral head during resorptive
phase may result in coxa plana deformity, while during
re-ossification phase overgrowth may end by coxa magna
deformity. Until reaching skeletal maturity, variable degrees
of roundness take place by remodeling [1].

Deformed hip (by flattening, lateral displacement,
and/or enlargement of the femoral head ) in severe Perthes
disease, cannot gain normal motion. This leads to pivoting
of the femoral head on superolateral edge of the acetabulum
and incongruity resulting in hinge abduction as described by
Catteral. Redirection of the acetabulum around flattened or
enlarged head cannot contain it, so another technique is
needed to stabilize and contain the head. If stresses upon
the epiphysis is changed, this could cause dynamic change
in the structure and sphericity of it ,especially when it is still
doughy and a good chance of remodeling is still present [2].

Shelf acetabuloplasty promotes the coverage of the
femoral head through direct increase in the acetabulum
size by iliac graft implanted into the lateral rim. Proper
technique is needed to have a well united shelf to the ilium
without breakage or resorption [3]. Nowadays, assessment
of hip containment loss and hinge abduction is preferably
confirmed by Hip arthrography [4].

This study aimed to evaluate a modified Staheli
technique for graft resorption or breakage.

MATERIALS AND METHODS

Research design. Case series study was prospectively
performed between 2013 and 2020 on 31 hips (29 patients )
using a modified Staheli technigue to do shelf acetabuloplasty
to hips with LCPD with hinge abduction. This technique
was evaluated for graft resorption or breakage. Clinical &
radiological outcomes were also assessed.

Conformity criteria. Included patients were between 6
up to 14 years. Patients with Perthes disease and hinge
abduction. Fragmentation stage or re-ossification stage.

Lateral Pillar classification type B/C or type C.

Patients without hinge abduction based on clinical exam
and arthrogram under general anesthesia, epiphyseal
dysplasia and coagulopathy were excluded.

Research facilities. Assiut University Hospital, Assiut,

Egypt.
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Research duration. The study was prospectively
performed between 2013 and 2020 on 31 hips (29 patients).
Follow up of 31hips (29 patients as two of them were
bilateral) ranged from 38 to 78.6 months with mean follow up
47.8 months + 9.8. Clinical & radiological outcomes were
assessed preoperatively and at final follow up.

Medical procedure description

Clinical evaluation

Age, sex, bilaterality and age of the onset of symp-
toms. Abduction and Internal rotation ranges were evalu-
ated preoperatively and in the last follow up using a Gonio-
meter.

Radiological evaluation

By x-ray both hips and upper thighs (anteroposterior (AP),
lateral frog position and abduction views). Waldenstrom
Staging [5] and classifications by: Lateral Pillar (Herring)
classification [6], Catterall classification [7] and Salter-
Thompson [8] classification were done and confirmed by
all investigators. The different parameters evaluating the
hip as: Ténnis angle [9], Sharp angle [10], center-edge
angle (CEA) [11], and acetabular coverage percentage [12]
were measured. For unilateral cases only, medial joint space
ratio [13] and epiphyseal height ratio [14] were evaluated.
Head at risk signs were also evaluated as: lateral subluxation
and calcification, diffuse metaphyseal reaction, horizontal
growth plate and gage sign [15].

Hip Arthrogram under general anesthesia

Using sub-adductor approach, Urograffin dye (diluted with
a 50:50 mix of sterile saline) is used for hip arthrography.
If is there is a hinge abduction (presence of a bump at the
superolateral margin of femoral head that prevent rotation
around axis at the center of the head and causes medial joint
space widening more than 4 mm and hinging at this bump
instead, shelf acetabuloplasty will be done (Figure 1). If not,
varisation of proximal femur will be done and exclude this
case [16].

Modified Staheli technique for Shelf acetabuloplasty

A bikini straight incision is made 2 to 3 cm below and
paralleling the iliac crest. A standard iliofemoral approach
is then developed to expose the hip joint. The tendon of the
reflected head of rectus femoris (RHRF) is divided anteriorly
and displaced posteriorly. If the capsule is abnormally thick
(greater than 6-7 mm), as determined by palpation or by
measurement through small capsular incision, it should
be thinned. This is done by “filleting” the capsule to
proper thickness with a scalpel. If the greater trochanter
is prominent, the limb is adducted to help directing the
slot upwards to put the graft in direct contact with the
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Fig. 1. Hinge Abduction Illustration: @ — normal hip in neutral position; b — deformed hip with superiolateral bump in neutral position;
¢ — normal hip in abduction rotates around axis in the centre of the head; d — deformed hip hinges around axis at the superiolateral

margin during abduction with medial joint space widening

head capsule and preventing high position which makes it
vulnerable to breakage. After the exact acetabular edge is
identified, a bone trough is made just above the subchondral
bone of the acetabulum.

RHRF's proximal attachment to ilium should be cautiously
preserved intra-operatively. As it provides both vascular and
mechanical support to the graft till union. IF it was accidently
detached, the shelf will be at risk.

We made a modification for Staheli technique (Done by
the same surgeon in all cases) by using a single trapezoid
shaped graft of cortical and cancellous bone is harvested
from the lateral surface of the ilium and placed in the bone
trough, extending out over the capsule (length 3.5 cm, height
4 mm and depth 1 cm). Instead of multiple strips in 2 layers
perpendicular to each other as original Staheli technique [1].
The shelf is fashioned to cover the head and not to protrude
laterally beyond its lateral border to prevent impingement to
the greater trochanter. More cancellous bone fragments is
put at the corner between the graft and iliac bone. No metal
is used as the graft is press-fit into the ilium. No Bone

Morphogenic Protein (BMP) nor other synthetic substitutes
are added.

The RHRF is sutured back anteriorly to maintain the new
shelf in place. Then non-weight bearing hip spica cast for
6 weeks. After cast removal, immediate weight bearing
is allowed as much as tolerated. See case example in
Figure 2. If trochanteric overgrowth happened or shelf is
too long to cause impingement trochanteric distal transfer
or Apophysiodesis could be considered.

Research findings

The main research outcome. The efficacy of this Modified
Staheli technique to prevent graft resorption or breakage till
final follow up.

Additional research outcomes. Improvement of clinical
(internal rotation and abduction ranges of motion) & Radio-
logical outcomes.

Statistical analysis

The samples size was not calculated previously. Data
was collected and analyzed those using SPSS (Statistical
Package for the Social Science, version 20, IBM, and

D0O0I: https://doi.org/10.17816/PTORS64500
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Fig. 2. Ten years old male with Legg-Calvé-Perthes disease right hip. Pre-operative x rays: a — anterio-posterior pelvis; b — lateral frog
position. Intraoperative hip arthrogram showing hinge abduction; ¢ — neutral; d — in abduction; e — direction of slot of shelf; f — after
Shelf placement; g — diagram shows Trapezoidal shaped shelf with cancellous fragments at the edge of iliac bone; h — preoperative
abduction. After 3 years follow up: j and j — postoperative range of motion; k — anterio-posterior pelvis; [ — lateral frog position.
RHRF — reflected head of Rectus Femoris

Armonk, New York). Continuous data were expressed in
the form of mean + SD or (range) while nominal data was
expressed in form of frequency (percentage). Preoperative
and postoperative different parameters of hip joint and
acetabulum evaluation were compared with Paired t-test.
Level of confidence was kept at 95% and hence, p value was
considered significant if <0.05.

RESULTS

Research sample (participants/respondents)

The study included 6 females and 25 males with age
group ranged from 6 to 14 years (Mean age at operation
was 8.1). Based on preoperative radiological evaluation;
all studied joints had Catterall classification 1V, Salter-
Thompson classification (B) and hinge abduction confirmed
by hip arthrogram.

Primary findings

All hips did not show graft resorption or breakage till
final follow up.

Additional findings

It was noticed that range of internal rotation (24 vs. 30°,
p <0.001) and abduction (34 vs. 46°, p <0.001) were
significantly increased postoperatively at final follow up.
Radiological parameters are shown in table 1 and 2. Mean
operative time in the current study was 53 minutes with
range between 45 and 90 minutes. Adductor tenotomy
was performed in 8 joints while Iliopsoas tenotomy was

Table 1. Radiological evaluation among enrolled hip joints

Affected hip joints

Stages of the disease (n=31)

Waldenstrom staging

Fragmentation 7 (22.5%)
Re-ossification 24 (77.4%)
Lateral Pillar classification
B/C 2 (6.4%)
29 (93.5%)

Note. Data expressed as frequency (percentage); n — number.
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Table 2. Pre and final follow up acetabular parameters among enrolled joints

Parameters Preoperative data Final follow up data p value
Center-edge angle (°) 22.78 +9.71 52.95+10.89 <0.001
Acetabular coverage percentage 75.43 +17.64 117.40 £ 17.95 <0.001
Tonnis angle (°) 26 +5.12 18.08 + 4.81 <0.001
Sharp angle (°) 45.56 + 3.83 31.52+£5.20 <0.001

Table 3. Medial joint ration and epiphyseal height ratio in unilateral affected joint

Parameters Preoperative data Final follow up data p value
Medial joint space ratio 1.68 £ 0.78 1.34 £0.59 <0.001
Epiphyseal height ratio 0.44 +0.20 0.50 + 0.21 <0.001

Note. Data expressed as mean (SD). P value was significant if <0.05.

performed in only one joint due to presence of hip flexion
deformity. See Table 1-3.

Undesirable phenomena

Seven hips showed trochanteric overgrowth and im-
pingement and were planned for another procedure (tro-
chanteric Apophysiodesis or distal transfer according to
remaining growth potential)

DISCUSSION

Harrison and Menon stated that “if the head is co-
vered well within the acetabular cup, then like jelly poured
into a mold the head should be the same shape as the
cup when it is allowed to come out after reconstitu-
tion” [17].

Authors considered the following indication for shelf
acetabuloplasty: Age between 6 up to 14 years (before
skeletal maturity), patients with Perthes disease and hinge
abduction (aspherical hip) and Fragmentation stage or re-
ossification stage (early stages with chance of remodeling).
Lateral Pillar classification type B/C or type C (sever affection
of the femoral physis).

Mean age in our study was 9.23 +2.75 years with
a range between 6 and 14 years similar to many other
authors [3, 18-21]. Freeman et al. 2008 started doing shelf
since the age of 4.6 years old depending on the severity of
the disease [22].

Shelf acetabuloplasty when done in early stages of
disease (fragmentation (10 joints ) or re-ossification
(13 joints) in our study) have better outcome due to pre-
sence of more remodeling ability. Freeman et al. 2008
did shelf in initial (4 joints), fragmentation(17 joints) and
healing (6 joints) stages [22]. Also, Pecquery et al. 2010
did shelf in fragmentation (19 joints) and healing (2 joints)
stages [23].

Shelf acetabuloplasty represents a good option for Lateral
pillar more than type B who do not have a good chance for
remodeling with other measures which was applied in many

studies [3, 18-21]. Our series had more sever hips compared
to these studies as all joints were type C except for 2 joints
B/C type.

Hip arthrography is most often used in the assessment
of loss of hip coverage and hinge abduction of the hip,
inwhich the femoral head “hinges” out of the acetabulum
when the hip is abducted. It can differentiate whether
the head is still spherical enough to do femoral varus
osteotomy or shelf acetabuloplasty is needed if hinge
abduction present [4].

Kotnis et al. 2008 reported that, following arthrography
of the hip in 19 patients with LCPD, the treatment plan was
modified in 6 (32%). The authors recommended routine use
of arthrography for treatment planning [16].

In order to have an effective shelf just above the head,
thinning of joint capsule and adducting the limb during
making slot of shelf in the iliac bone helps to put the shelf
in a close to the head and avoid high position which makes
it vulnerable to breakage or resorption which happened
in one case with Bursali et al. 2004 [19] and 6 cases
with Grzegorzewsk et al. 2013 [3]. Also keeping proximal
attachment of reflected head of rectus femoris (RHRF) to the
ilium is crucial to avoid resorption.

Li et al. 2016 [20] added Bone Morphogenic Protein (BMP)
and A spica cast was worn for 8 weeks and protective weight
bearing in a cast was continued for 8 additional weeks.
We find this unnecessary if the shelf site and RHRF integrity
were properly managed and casting for 6 weeks is enough.
They also performed Adductor and Iliospaos tenotomy for
all cases. In our series, Adductor tenotomy was done in only
8 patients and iliospaos tenotomy was performed in only one
patient with hip flexion deformity as muscle shortening was
not a constant feature in all cases.

Coverage of the head by shelf acetabuloplasty leads to
improvement of internal rotation and abduction [18, 23, 24].
In our study ,it was noticed that internal rotation (pre-
operative 23.91 + 11.17 vs. postoperative 29.76 + 12.09°,
p <0.001) and abduction (preoperative 34.13 + 9.01 vs.
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postoperative 46.08 + 10.87°, p <0.001) were significantly
increased postoperatively.

Significant improvement of acetabular coverage (mea-
sured by increase in center-edge angle (CEA) & acetabu-
lar coverage percentage and decrease in Tonnis angle and
Sharp angle) is achieved by shelf acetabulplasty [3, 18,
20, 21] matching our study results.

Medial joint space ratio and epiphyseal height ratio were
found to be significantly decreased after head remodeling
following shelf procedure [18, 20-22]. We measured these
parameters for unilateral cases only and were significantly
decreased. See Table 4.

Seven hips in our report showed trochanteric overgrowth
and impingement and were planned for another procedure
(trochanteric Apophysiodesis or distal transfer according to
remaining growth potential)later on.

Summary of the primary research results

All hips did not show graft resorption or breakage till
final follow up. No metal was needed to fix the graft. Only
hip spica was applied for 6 weeks.

Discussion of the primary research results

This Modified Staheli technique for Shelf acetabuloplasty
allows good mechanical support for the shelf without need
of fixing metal, BMP or extended cast immobilization.
It provides good coverage for extruded physis and allows
remodeling to improve clinical outcome.

Research limitations

Lack of follow up till skeletal maturity.
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CONCLUSION

This modified Staheli technique prevent graft resorption
or breakage. Shelf provides a good acetabular coverage
for the deformed aspherical head with LCPD and hinge
abduction to improve hip clinical and radiological outcome
in midterm results.
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