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Abstract
Case: A 24-year-old man with right unilateral hip disarticulation, intolerant of a traditional socket-mounted pros-
thesis (TSP), underwent pelvic transcutaneous osseointegration and was fit with a prosthetic lower extremity
7 months later. Twenty-four months after osseointegration, he remains pain-free and complication-free, wears his
prosthesis all waking hours, walks without assistive devices and can carry 2-handed objects, and works as a
livestock farmer.

Conclusion: Through 24 months, the world’s first patient with pelvic osseointegration has no complications and better
mobility than most patients with unilateral hip disarticulation using TSPs. Pelvic osseointegration seems reasonable to
further consider in carefully selected patients.

S
keletal transcutaneous osseointegration (STOI) is a sur-
gical technique which anchors a titanium-alloy or cobalt-
alloy implant into an amputee’s skeletal residuum. A

transcutaneous adapter exits the skin through a stoma, con-
necting to a standard prosthetic limb. STOI has been recently
reviewed1,2, and Figure 1 presents a component schematic.
Multiple studies demonstrate that STOI typically provides
superior function vs a traditional socket-mounted prosthesis
(TSP)3, specifically improving gait4,5, Timed Up and Go
(TUG) and 6 Minute Walk Test6 (6MWT), walking oxygen
demand and daily wear time7, and quality of life8. Compli-
cations such as infection requiring debridement (6%)9 and
fracture (6%)10 can occur but are decreasing with technique
and implant improvements11.

Hip disarticulation affects the patient lifestyle more
than transfemoral or transtibial amputation. Fewer than half
of these patients will tolerate a prosthesis12,13. TSP users
typically wear their prosthesis under 8 hours daily, 1 in 4
cannot sit comfortably, and half develop arm problems from
extensive wheelchair use14,15. Ambulating 200 feet (60 m) is
considered impressive15, and ambulation requires twice the

energy for half the speed of able-bodied patients16. Crutch
mobility is unsustainable17.

This article describes the 2-year experience for the world’s
first patient with hip disarticulation treated with STOI.

The patient was informed that data concerning the case
would be submitted for publication, and he provided consent.

Case Report

A24-year old man presented in December 2018. In May
2018, he was injured by a rocket-propelled grenade. He

temporarily lost consciousness, but on reviving, he noticed his
right lower extremity was nearly completely missing. Fortu-
nately, no other major injuries resulted. Management that day
involved irrigation and debridement, and the wound was not
closed. Prophylactic intravenous antibiotic coverage was main-
tained until primary closure, 14 days later. No wound issues or
infection resulted. A thorough history confirmed no additional
comorbid conditions, and no alcohol, tobacco, or other illicit drug
use. He mobilized using crutches and a wheelchair. Multiple TSP
attempts were unsuccessful because of insecure fit, pain, and
excessive sweating.
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Figure 2 shows his preoperative photograph. Physical ex-
amination identified painless lumbar spine movement, a strong
and fully functional contralateral lower extremity, excellent
abdominal strength, and healthy soft tissue over the disarticulated
hip. His pelvic radiograph (Fig. 3) identified an essentially native
pelvis. Given his TSP intolerance, young adult age, good physical
and mental health, and skeletally normal pelvis, he was offered
and consented to right pelvic STOI.

Technique Description

Key surgical steps are shown in Video 1. Figure 4 presents a
representative photograph and intensified image of the

surgical techniques which are described in the figure legend.
The path of the guidewire and subsequent implant was similar
to the LC2 corridor used for pelvic ring fracture fixation, which
is described with detailed images elsewhere18,19. The implant
(Integrated Limb Prosthesis, Orthodynamic, Lubeck, Germany)
was a standard, noncustom implant, 16 mm in diameter and
100 mm long.

Postoperative Course

Dressing removal the next day revealed a clean, dry incision
and stoma (Fig. 5). The patient began rehabilitation on

the third day after surgery according to the protocol20,21 with
progressive loading to bodyweight using a scale. Because of
travel circumstances of the treating team, his definitive prosthesis
was not provided until 7 months. The prosthesis consisted of a
monocentric hip joint with hydraulic control (Ottobock 7E9;
Ottobock SE, Duderstadt, Germany), modular polycentric
knee (Ottobock 3R60), and shock absorbing carbon fiber
foot (Ottobock 1C61 VS). At 1 year, his TUG averaged 21.3
seconds and his 6MWT (1 cane in the contralateral hand, no
rests) was 235 m (average speed 0.65 m/s). Starting from a
seated position on the floor (a simulated fall scenario), he
could stand with no person or device assistance and then
walk to pick up small items from the floor (Fig. 6 and Video 2).
Now, 24 months after osseointegration, his incision remains dry
and painless and his implant position remains unchanged
radiographically (Fig. 7). He wears the prosthesis from waking
until sleeping. He works as a livestock farmer. His TUG averages
14.3 seconds, and his 6MWT (no assistive devices, no rests) is
330 m (0.92 m/s). Video 3 demonstrates him donning the pros-
thesis. Video 4 demonstrates him carrying an item with both
hands while walking. Video 5 demonstrates him ascending and
descending stairs unassisted. A formal gait analysis laboratory
is not available, but it is recognized that he still does not con-
sistently achieve prosthetic knee flexion for toe off. Nonetheless,
his Locomotor Capabilities Index22 score (Table I) improved
from 19 before STOI (intolerant of a prosthesis), to 40 at
12months, to 42 (perfect score) at 24months, suggesting that he
feels comfortable accomplishing essentially any routine daily
mobility scenario without person or mobility aid assistance.

Discussion

Lower extremity amputation results in major life adjust-
ments for patients. Patients with hip disarticulation have

problems familiar to all amputees—skin ulcers23, socket fit
issues24, and potential injury because of falls25—in addition to
having no residual limb to propel the prosthetic lower extremity
prosthesis, leading to complex gait abnormalities26.

Many aspects of extremity osseointegration are well es-
tablished (implant options1,2, enhanced mobility4,5,27, improved
quality of life3,28, a periprosthetic fracture rate of 6% and fully
recoverable with device retention10, a 6% rate of infection

Fig. 1

Disassembled schematic photograph of an Integrated Limb Prosthesis

(ILP). The material is a cobalt chrome molybdenum alloy, with an intra-

medullary nail-type stem featuring onlaid 1.5-mm Czech hedgehogs (a 3-

dimensional “1” sign featured in the zoomed box) to promote bone

ingrowth. Immediate implant retention through the press-fit implantation,

analogous to hip arthroplasty, and the external prosthetic limb is mounted

through a multicomponent dual cone and screw system. The collar is

surface treated with titanium niobium oxynitride ceramic to prevent skin

adherence. (1) Proximal cap screw; (2) ILP body withmain portion textured,

distal flare untextured, abutment highly polished with a titanium niobium

oxynitride ceramic surface; (3) dual cone abutment adapter; (4) safety

screw; (5) taper sleeve; (6) distal bushing; (7) permanent locking propeller

screw; and (8) temporary cover screw. The zoomed box of the ILP texture is

adapted and reprinted by permission fromSpringer Nature. Der Orthopäde.

JuhnkeDL, Aschoff HH. Endo-Exo-ProthesennachGliedmaßenamputation.

Der Orthopäde 2015. The remainder of the figure is adapted and reprinted

with permission from Springer Nature. Operative Orthopädie und Traumato-

logie. Implantation der Endo-Exo-Femurprothese zur Verbesserung der Mobi-

lität amputierter Patienten. Aschoff HH, Clausen A, Tsoumpris K, et al. 2011.
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requiring debridement9, finite element analysis29-31, and bone
remodeling32-35). This discussion will thus focus on topics related
to patients with hip disarticulation.

Pelvic STOI presents new challenges and questions
beyond the usual concerns of ensuring bony ingrowth and a
stable transcutaneous stoma. The transcutaneous implant
must be positioned to permit comfortable sitting. The stoma
is relatively close to the perineum, potentially complicating
hygiene care. These issues were planned for and successfully
accommodated in the described case, although admittedly,
long-term effects are difficult to anticipate. In our experi-
ence, the risk is highest for infection within the first
3 months9 and periprosthetic fracture within the first year10;
this patient is beyond that period. The pelvis has evolved to
accommodate body forces transmitted through the hip joint
and buffered by the lower extremity joints and muscles. For
this patient with STOI, the forces are imparted through a
prosthetic lower extremity prosthesis into a fixed anchor
which are borne directly within the pelvis. Furthermore,
without a hip joint, imparting momentum to the lower extremity
requires lumbar spine flexion and extension. These non-
physiologic motion and loading patterns might hasten lumbar
spine arthritis.

These issues potentially increase the risks after pelvic
STOI. However, considering that nearly 100% of patients with
press-fit osseointegration have maintained implant stability9

and life-threatening complications or proximal amputation

Fig. 2

Clinical photographs of the patient. Fig. 2-A Immediately before surgery, demonstrating a status after right hip disarticulation with good quality overlying

skin. Fig. 2-B Twenty-fourmonths after right pelvic osseointegration with full lower extremity prosthesis. He can stand andmaintain balance independently.

The call-out box shows that the skin surrounding the transcutaneous dual cone abutment adapter remains in an excellent condition.

Fig. 3

Preoperative anterior-posterior (AP) pelvis radiograph. A right hip disartic-

ulation is evident, with otherwise normal pelvic bony anatomy.
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have not been reported in our treated patient cohorts, the risk
of serious complications was considered acceptably low. Per
unit distance, the risk of eventual lumbar spine arthritis

likely is no worse with STOI than a TSP. Because he could not
tolerate a TSP, the cumulative health risk of not having a
lower extremity to walk on is itself a major health risk,
let alone quality of life impairment. Patients using crutches
or wheelchairs long-term have greater than 60% risk of
developing rotator cuff tears36, and injuries to most major
arm nerves and arteries have been reported with chronic
crutch use37-43. This physically fit, mentally healthy, young man
with a long potential career was considered an appropriate can-
didate to offer this new surgical technique.

At 24 months after osseointegration, this patient con-
firms that pelvic STOI can be a satisfactory alternative to TSP
for patients with hip disarticulation. He never uses a wheel-
chair, wears the prosthesis all waking hours, sits comfortably,
walks without assistive devices while carrying 2-handed
items, independently stands from the floor, leans over to pick
up objects from the floor, climbs stairs independently, works
as a livestock farmer, and has not had hygiene or toileting
issues. He achieves a perfect score on the Locomotor Capa-
bilities Index, a survey that has demonstrated good validity
and reliability in adults with lower extremity amputation and
is reflective of daily mobility goals44,45. Compared with 1 case
report of a healthy soldier with a hip disarticulation treated
with a TSP and the same prosthetic hip joint46, our patient

Fig. 4

Intraoperative surgical exposure and intensified image. The patient was positioned supine on a radiolucent table with a bump under the right buttock. An image

intensifierwaspositioned toshowanterior-posterior, lateral, and Judet viewsof the right hemipelvis. Skinwascleansedwithalcohol-chlorhexidinegluconate solution,

and intravenous tranexamic acid and cefazolin and vancomycin were given. The large existing scar from his previous surgery was followed for the approach. Sharp

dissectionandelectrocauterywereused to removeoverlying tissue, andHohmann retractorsexposed theacetabulum.Fig.4-AAlthoughsuboptimally photographed,

the acetabulumwas in a native condition with no evidence of trauma. Visually divided into 4 quadrants, the anterolateral quadrant was entered with a powered drill,

after which a guidewire was directed between the inner and outer tables and aimed just beyond the iliac cortical density posterior to the sacroiliac joint, lateral to the

ipsilateral sacrum. This path was then progressively reamed to a 16mmdiameter which produced uniform continuous chatter andwas within 1mmof the inner and

outer table cortices. The implant (Integrated LimbProsthesis (ILP); Orthodynamic, Lubeck,Germany), 16mm indiameter and100mmlong,wasdirectly affected into

thecanal.Because the length fromthe implant abutment to theproximal stemtipwas longer than thedistance fromacetabulumtosacrum, itwasdecided toadvance

the implantso that theproximal tipprotrudedthroughposteriorsuperior ilium, restingadjacent to theL5vertebralbody.Thisallowedtheabutmentcollar to restagainst

the rimof theacetabulum,minimizingpotential futuresubsidence (Fig.4-B, this image iscomposedof2 image intensifier imagessuperimposed). In thisposition, the

implantwasstable tomanually appliedaxial and torsional forces. Purse-stringmyodesisandmyoplasty usingbraidedabsorbable sutureswere performedaround the

abutment, facilitating a tight seal of healthy tissue. Subcutaneous fat was aggressively trimmed to a thick skin surface. The lateral skin was pulledmedially over the

implant, a holewas cut the implant stoma, and the dermal layer was sutured to the fascia surrounding the stoma tominimize soft-tissuemovement. Thewoundwas

closedwith suture andstaples. A final dressing of alcohol-chlorhexidine gluconate soakedsterile cottonwasapplied. Three further dosesof cefazolinwere given, and

low molecular weight heparin chemoprophylaxis against deep venous thrombosis was administered for 2 weeks.

Fig. 5

Postoperative dressings were removed the next day. Minimal postopera-

tive wound oozing was present, and the incision itself was dry. The alcohol-

chlorhexidine solution applied to the dressing sponges has a red tint.
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Fig. 6

One year after surgery, the patient demonstrates the ability (Fig. 6-A) to stand from a seated position without requiring people or devices for assistance

(simulating a fall scenario) and (Fig. 6-B) to pick up a small water bottle from the floor without any assistive device.

TABLE I Locomotor Capability Index Performance*

The Common Question is “Whether or Not You Wear Your
Prosthesis At The Present Time, Would You Say That You Are
Able To Do The Following Activities With Your Prosthesis On? No (0)

Yes, If Some-
one Helps Me

(1)

Yes, If Some-
one Is Near Me

(2)

Yes, Alone,
With Ambula-
tion Aids (3)

Yes, Alone,
Without Ambu-
lation Aids (4)

Get up from a chair 0/ 1/2

Pick up an object from the floor when you are standing up with
your prosthesis

0/ 1/2

Get up from the floor (e.g., if you fell) 0/ 1/2

Walk in the house 0/ 1/2

Walk outside on even ground 0/ 1/2

Walk outside on uneven ground (e.g., grass, gravel, and slope) 0/ 1/2

Walk outside in inclement weather (e.g., snow, rain, and ice) 0/ 1/2

Go up-stairs with a hand-rail 0/ 1/2

Step up a sidewalk curb 0/ 1/2

Step down a sidewalk curb 0/ 1/2

Go up a few steps (stairs) without a hand-rail 0/ 1/2

Go down a few steps (stairs) without a hand-rail 0/ 1/ 2

Walk while carrying an object 0/ 1/2

*Locomotor Capabilities Index score, assessed before osseointegration (0), 1 year after (1), and 2 years after (2). He improved from 19 to 40 to 42, a perfect score.
The patient completed this survey based on the situation that he was unable to wear a prosthesis before osseointegration.
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demonstrated faster walking speed (0.92 m/s over 6 vs
0.56 m/s over 2 minutes) and TUG (21.3 vs. 26.2 seconds).

Indeed, his walking speed also exceeds a TSP patient using a
more advanced hip joint47.

Based on this initial experience, pelvic STOI seems safe
and reasonable to carefully consider in other young, fit, and
motivated patients with hip disarticulation. n
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5. Tranberg R, Zügner R, Kärrholm J. Improvements in hip- and pelvic motion for
patients with osseointegrated trans-femoral prostheses. Gait Posture. 2011;33(2):
165-8.
6. Al Muderis M, Lu W, Li JJ. Osseointegrated Prosthetic Limb for the treatment of
lower limb amputations : experience and outcomes. Unfallchirurg. 2017;120(4):
306-11.
7. Van de Meent H, Hopman MT, Frölke JP. Walking ability and quality of life
in subjects with transfemoral amputation: a comparison of osseointegra-
tion with socket prostheses. Arch Phys Med Rehabil. 2013;94(11):
2174-8.
8. Kerstin Hagberg RPT, Branemark R. One hundred patients treated with os-
seointegrated transfemoral amputation prostheses-rehabilitation perspective. J
Rehabil Res Dev. 2009;46(3):331-44.
9. Al Muderis M, Khemka A, Lord SJ, Van de Meent H, Frölke JPM. Safety of os-
seointegrated implants for transfemoral amputees: a two-center prospective cohort
study. J Bone Joint Surg Am. 2016;98(11):900-9.
10. Hoellwarth JS, Tetsworth K, Kendrew J, NV Kang, O van Waes, Q Al-Maawi, C
Roberts, M Al Muderis. Periprosthetic osseointegration fractures are infrequent and
management is familiar. Bone Joint J. 2020;102-B(2):162-9.
11. Atallah R, Leijendekkers RA, Hoogeboom TJ, Frölke JP. Complications of bone-
anchored prostheses for individuals with an extremity amputation: a systematic
review. PLoS One. 2018;13(8):e0201821.

12. Fernández A, Formigo J. Are Canadian prostheses used? A long-term experi-
ence. Prosthet Orthot Int. 2005;29(2):177-81.
13. Moura DL, Garruço A. Hip disarticulation—case series analysis and literature
review. Rev Bras Ortop. 2017;52(2):154-8.
14. Yari P, Dijkstra PU, Geertzen JH. Functional outcome of hip disarticulation and
hemipelvectomy: a cross-sectional national descriptive study in The Netherlands.
Clin Rehabil. 2008;22(12):1127-33.
15. Kralovec ME, Houdek MT, Andrews KL, Shives TC, Rose PS, Sim FH. Prosthetic
rehabilitation after hip disarticulation or hemipelvectomy. Am J Phys Med Rehabil.
2015;94(12):1035-40.
16. Nowroozi F, Salvanelli ML, Gerber LH. Energy expenditure in hip disarticulation
and hemipelvectomy amputees. Arch Phys Med Rehabil. 1983;64(7):300-3.
17. Annesley AL, Almada-Norfleet M, Arnall DA, Cornwall MW. Energy expenditure of
ambulation using the Sure-Gait crutch and the standard axillary crutch. Phys Ther.
1990;70(1):18-23.
18. Starr AJ, Reinert CM, Jones AL. Percutaneous fixation of the columns of the
acetabulum: a new technique. J Orthop Trauma. 1998;12(1):51-8.
19. Scherer J, Guy P, Lefaivre KA, Pape H-C, Werner CML, Osterhoff G. Guide wire
insertion for percutaneous LC2 screws in acetabular and pelvic ring fixation using a
transpedicular working cannula. Injury. 2017;48(10):2360-4.
20. Al Muderis M, Lu W, Tetsworth K, Bosley B, Li JJ. Single-stage osseointegrated
reconstruction and rehabilitation of lower limb amputees: the Osseointegration
Group of Australia Accelerated Protocol-2 (OGAAP-2) for a prospective cohort study.
BMJ Open. 2017;7(3):e013508.
21. Muderis MA, Tetsworth K, Khemka A, S Wilmot, B Bosley, S J Lord, V Glatt. The
Osseointegration Group of Australia Accelerated Protocol (OGAAP-1) for two-stage os-
seointegrated reconstruction of amputated limbs. Bone Joint J. 2016;98-B(7):952-60.
22. Franchignoni F, Orlandini D, Ferriero G, Moscato TA. Reliability, validity, and
responsiveness of the locomotor capabilities index in adults with lower-limb ampu-
tation undergoing prosthetic training. Arch Phys Med Rehabil. 2004;85(5):743-8.
23. Koc E, Tunca M, Akar A, Erbil AH, Demiralp B, Arca E. Skin problems in ampu-
tees: a descriptive study. Int J Dermatol. 2008;47(5):463-6.

Fig. 7

Long-cassette lower extremity radiograph 24 months after right pelvic

osseointegration. The patient’s right lower extremity prosthesis is de-

signed to provide just less length than his native leg so that he does not

have to provide excessive right pelvis compensatory elevation during

swing-through, similar to how external shoe lifts are sized.

6

JBJS CASE CONNECTOR

VOLUME 11 d NUMBER 2 d MAY 10, 2021
PELV IC OSSEO INTEGRAT ION FOR UNILATERAL HIP DISART ICULAT ION

mailto:Drjsoon@gmail.com
http://orcid.org/0000-0001-7065-0656
http://orcid.org/0000-0002-3069-4141
http://orcid.org/0000-0003-0037-7695
http://orcid.org/0000-0002-2325-8296
http://orcid.org/0000-0003-2497-7775
http://orcid.org/0000-0002-2010-7185


24. Dillingham TR, Pezzin LE, MacKenzie EJ, Burgess AR. Use and satisfaction with
prosthetic devices among persons with trauma-related amputations: a long-term
outcome study. Am J Phys Med Rehabil. 2001;80(8):563-71.
25. Nehler MR, Duval S, Diao L, BH Annex, WR Hiatt, K Rogers, A Zakharyan, AT
Hirsch. Epidemiology of peripheral arterial disease and critical limb ischemia in an
insured national population. J Vasc Surg. 2014;60(3):686-95.e2
26. Ludwigs E, Bellmann M, Schmalz T, Blumentritt S. Biomechanical differences
between two exoprosthetic hip joint systems during level walking. Prosthet Orthot
Int. 2010;34(4):449-60.
27. Pantall A, Ewins D. Muscle activity during stance phase of walking: comparison
of males with transfemoral amputation with osseointegrated fixations to nondis-
abled male volunteers. J Rehabil Res Dev. 2013;50(4):499-514.
28. Kunutsor SK, Gillatt D, Blom AW. Systematic review of the safety and efficacy of
osseointegration prosthesis after limb amputation. Br J Surg. 2018;105(13):1731-41.
29. Tomaszewski PK, Verdonschot N, Bulstra SK, Verkerke GJ. A comparative finite-
element analysis of bone failure and load transfer of osseointegrated prostheses
fixations. Ann Biomed Eng. 2010;38(7):2418-27.
30. ZhangM, Don X, Fa Y. Stress analysis of osseointegrated transfemoral prosthesis: a
finite element model. Conf Proc IEEE Eng Med Biol Soc. 2005;2005:4060-3.
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