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Pipkin type lll fractures:

a narrative review of literature
and comparative opinion

on ORIF vs. arthroplasty

Sujan Shakya, Qing Zhang, Yi Wen, Xinag Wen and Long Cheng*

West China School of Medicine, West China Hospital, Sichuan University, Chengdu, China

Pipkin Type Il is extremely rare and is associated with worse prognosis and
several complications. There is still no consensus on the management of
injuries and whether these fractures should be treated surgically with ORIF or
arthroplasty. Pipkin type Il involves a combination of ipsilateral femoral head
and neck fractures. Physioanatomical complexity of this fracture is often
challenging, with a poorer prognosis than any other subgroups. The most
common complications after management of Pipkin Type Ill are avascular
necrosis of the femoral head and post-traumatic osteoarthritis. The treatment
modality with open reduction and internal fixation (ORIF) or total hip
arthroplasty (THA) varies according to the severity of the fracture, patient age,
time to surgery, and intraoperative findings. Reoperation and surgical
intervention pose significant economic burden, functional impairment, and
quality of life. This comprehensive review on Pipkin type Il demonstrates a
throughout exploration of the existing research publications and case studies,
focusing on current understanding treatment management strategies,
outcome associated and decision-making frameworks with algorithms for
decision schemes. By incorporating additional references of our institutional
experiences, it aims to expand the current body of knowledge on Pipkin Il
fractures, offering fresh perspectives and crucial insights for surgeons in
decision-making processes.
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Introduction

A Pipkin fracture, as described by Birkett in 1869, constitutes traumatic hip dislocation
and femoral head fracture (1). These fractures and dislocations are often the result of high-
energy trauma due to road traffic accidents (RTA), which account for approximately
5%-15% (2). Pipkin categorized injuries based on the location of the head fracture in
relation to the fovea and associated lesions on the femoral neck or acetabulum (3).
According to the classification system, subtype Pipkin III constitutes a combination of
ipsilateral femoral head fractures and femoral neck fractures. They have the lowest
percentile, representing only 8.6% of all Pipkin fractures (4). Based on the fact that the
physio-anatomical complexity of the hip joint during reconstruction is often challenging
with a poorer prognosis than the other sub-group. Regardless of the type of treatment,
such as open reduction and internal fixation (ORIF) or total hip arthroplasty (THA),
short- and long-term complications persist with vascular necrosis (AVN), post-
traumatic osteoarthritis (PTA), stiffness, non-union, sciatic nerve palsy, and heterotopic
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ossification (HO), which lead to potentially varying degrees of
disability in patients’ outcomes. The aim of this extensive review
of Pipkin
examination of current research publications and case reports,

type III fractures provides a comprehensive
emphasizing the present understanding of treatment approaches,
with

algorithmic frameworks. By integrating additional references

related outcomes, and decision-making protocols
from our institution’s experiences, this investigation sought to
broaden the existing knowledge base on Pipkin III fractures,
providing novel perspectives and essential insights to assist

surgeons in their decision-making processes.

Injury mechanism of Pipkin type Il

Usually, Pipkin type III fractures occur when the hip is in
greater than 60° of flexion, although the patient is not sure about
the position of the limb in several studies (5). However, the
mechanism of Pipkin type III femoral head fractures can be
described as the application of two forces to the hip joint. The
first axial force causes hip dislocation and femoral head fracture,
and the second force after dislocation shears the femoral head
against the iliac wing and causes a femoral neck fracture.

The initial trauma of the femoral head dislocation itself causes
a loss of biomechanical stability of the hip joint. The anatomical
components include the labrum, depth of the acetabulum, joint
capsule, muscular supports, and surrounding ligaments (6). The
majority of iliofemoral ligaments from the anterior aspect are
much stronger, whereas the ischiofemoral ligament found
posteriorly is vulnerable despite the dynamic gluteal muscles (7).
Patients with posterior dislocation present in the emergency
department with adducted, flexed, internally rotated, and
shortened limbs.

Similarly, femoral neck fractures are common in young patients
because of high-energy trauma and low-energy falls in elderly
patients. Femoral neck fractures are considered intracapsular, and
their healing potential is affected by the lack of periosteal
surroundings that limit callus formation during rapid potential
healing. According to Garden’s classification, most high-energy
accidents are vertical fractures (Pauwels type III) or Type III and
IV femoral neck fractures. They are associated with compromised
or disrupted blood supply, increased intracapsular pressure, and
subsequently, decreased head perfusion. In our observation, in a
Pipkin III fracture, the intact femur was completely disconnected
from the head. Furthermore, dislocation significantly disrupted
the vascular components of the medial femoral circumflex artery.
Therefore, close reduction may not have been achieved.
Furthermore, dislocation is associated with sciatic nerve injury,

less commonly with peroneal branch and lumbosacral root injury

Abbreviations

THA, total hip arthroplasty; ORIF, open reduction and internal fixation; RTA,
road traffic accident; AVN, necrosis; PTA, post-traumatic
osteoarthritis; HO, heterotopic ossification; CT, computed tomography; K-L,
Kocher-Langenbeck; CSF, fixation; MRI, magnetic
resonance imaging; MFCA, medial femoral circumflex artery.
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due to direct compression by the femoral head or fractured
fragments in the posterior wall.

Literatures reviews on Pipkin type Ill and
comparative treatment managements

After reviewing some of the largest series of published Pipkin
fractures, the outcome of surgical management was distressing.
Therefore, we conducted a literature review of all Pipkin III
fractures, and the prognosis for those injuries is relatively poor,
as shown in Table 1. The literature review includes all English-
language publications from PubMed, Embase, and Google
Scholar databases, covering original articles, case reports, and
abstracts from 2000 to 2024 on Pipkin type III fractures. After
thorough screening, only 21 publications were found relevant,
specifically addressing Pipkin type III fractures, while other
studies were excluded for lacking specific information on
these fractures.

Park et al. (8) retrospectively reviewed 65 femoral head
fractures with hip dislocations. He observed the conversion of
type III fractures from other types of Pipkin fractures in five out
of nine cases in which close reduction had been attempted. They
managed two of the five type III fractures using ORIF, which
had an unsatisfactory outcome. THA was performed at 7 and 14
after AVN. Therefore, the author suggested not
attempting a close reduction in such injuries. A similar situation

months

was also encountered by Keong et al. (9) in the case of iatrogenic
Pipkin, Type III fracture after an attempt was made for hip
relocation in 35 older women with posterior hip dislocation and
femoral head fracture. He reported osteonecrosis of the femoral
head four
compression screw of 4.5 mm and cortical screws of 6.5 mm

months after osteosynthesis with a headless
which were ultimately converted to arthroplasty.

Tonetti et al. (10) published a retrospective series of 110 pipkin
fractures. Out of which 4 Pipkin III fractures were treated. One
patient underwent first-intention THA, while the remaining three
underwent conversion to THR after ORIF. Similarly, Scolaro
et al. (11) published a series of 147 pipkin fractures. Of these,
seven were type III fractures that were initially managed with
ORIF. Unfortunately, all of them failed operative fixation, leading
to the conclusion that the Pipkin III fractures were catastrophic.
As a result, all the affected patients underwent conversion to
THR. In a case series, Kokubo et al. (12) reported on two elderly
individuals with Pipkin Type III fractures. Both the patients were
treated with THA. The authors suggested that open reduction
should be

approaches for younger patients with Pipkin Type III fractures.

and internal fixation the preferred treatment
However, they proposed that THA may be a suitable option for
older patients with this type of injury.

A retrospective analysis of 50 individuals with Pipkin fractures
was published by Shakya et al. (13) There were eight Pipkin type III
patients in this study. Three (37%) patients underwent THA with
the primary intention, while two (40%) of the five (63%) patients
who underwent ORIF ultimately had to undergo secondary THA,
which postulates that Pipkin III is predictive of THA.
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TABLE 1 The evidence of studies on the assessment of all Pipkin type Ill fractures with authors, publication date, demographic information, treatment plans, surgical approach, complications, and functional
outcomes, which were included in this review.

Time of Mean | Functional outcome
operation

(average hours-

Study/Year

Study | Age/Sex Treatment plan Surgical

approach

Complications Secondary

operation

18 18 efyeys

A1abung ul sianuouq

20

640 UISID13UOIY

Stannard et al. UK | Case series 33/F Traffic accident 1 day ORIF-3 mm cannulated Posterior (K-L) AVN 24 months | Poor —
(15) (1/22) screws X3 with washers
Yamamoto et al. Case series 26/M Traffic accident 3.2 days Arthroscopic debridement | — AVN within 1 year 7 years | Poor —
Japan (16) (1/10)
Guimaraes et al. Case series | 32/M, 30/M | Traffic accident — THA — — — — —
Brazil (17) (2/13)
Tonetti et al. France | Case series | Mean age | Traffic accident 4.3 days 1 THA, 2-Fragment Posterior approach AVN 3-6 Poor —
(10) (4/10) 37.1 years removal, 1-ORIF (K-L) months
Kokubo et al. Japan | Case series | 80/F, 78/F | Traffic accident 5hand 7h THA Posterolateral — 6 years 8 | — —
(12) (2/12) years
Park et al. Korea Case series | 44/M,36/M, | Traffic accident 2.2 days 2-ORIF, 3-THA Trochanteric Flip HO, AVN Poor —
(18) (5/9) 43/F,72/M, osteotomy
57/F
Singaravadivelu Case report 28/M Traffic accident — 2-THA Posterior approach AVN 8 months | Poor —
et al. India (19) (1) (K-L)
Scolaro et al. USA | Case series | Mean age | — — 7-ORIF Anterior (S-P) and Fixation failures/ AVN | 12.4 weeks | Poor 2 pts-THA and
(11) (7/147) 39.2 years posterior (Kocher- 1-hemi-arthroplasty
Langenbeck)

Yu et al. China (14) | Case series Mean age | Traffic accident 48 h-7 days 1-THA, 2-cannulated Posterior (K-L) for 1-AVN 18 months | 3 cases-good, 2 cases-Fair, 1 | —

(6/19) 40.2 years screws (ORIF), 3-closed | ORIF and THA, case—Poor

cannulated screws
Zhao et al. China | Case report 34/M Traffic accident — ORIF with cannulated Posterior (K-L) — 1 year Good —
(20) (1) screws and Herbert screws
Keong et al. Case report 35/F Iatrogenic after — ORIF with Herbert and Trochanteric Flip AVN 4 months | Poor 2° THA in 4 months
Singapore (9) (1) reduction cortical screws osteotomy
Peng et al. Taiwan | Case series | Mean age 30 | High energy 2.9 days ORIF cannulated screws | Anterior(S-P)/ 2-HO, 2-AVN 6 months- | Poor 2-2° THA. 1-f/u
1) (3/31) years trauma Posterior (Gibson 1 years observation
Approach)

Alyousif et al. Saudi | Case report 34/M Tatrogenic after 8h ORIF with cannulated Modified Gibson — 26 months | Excellent —
Arabia (22) 1) reduction screws and Herbert screws | approach
Mukhopadhaya Case report 25/M Motorbike 4 days ORIF with multiple screws | Trochanteric Flip Mild AVN in 2 years 5 years | Excellent —
et al. India (5) (1) accident osteotomy
Sen et al. India (23) | Case series Mean age | Mostly High — 5-ORIF, 6-THA — 2-Infection, 2-AVN, 3.57 years | 4-Poor,1-Fair, 2-Good, 2-2° THA,

(11/138) 35.71 years | energy trauma 1-0A 4-excellent 2-Girdlestone

arthroplasty

Enocson et al. Case series 60/M Falls — 1-THA — — 3.5 years | — —
Sweden (24) (1/47)
Li et al. China (25) | Case report 34/M Tatrogenic after 48 h 1-THA — — — — —

1) reduction
YC Yoon et al. Case series | 44/M, 31/M | Mostly Motor — 2-ORIF with cortical Trochanteric Flip 1-HO-2nd grade, 75 weeks | 1-Poor, 2-Good THA
Korea (26) (4/34) vehicle accidents screws osteotomy AVN, 38 weeks
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TABLE 1 Continued

Functional outcome | Secondary

Mean

Complications

Surgical

c
i
o
=
c
9]
=
5
©
o
S
'_

Cause Time of

Study | Age/Sex

design

Study/Year

F/U operation

approach

operation
(average hours-
days)

Frontiers in Surgery

< <
oo Jes)
= =
< <
[Nl [}
2 2z
a. a.
(o] =
)
<
B
=
<
(=]
=]
O
= 7
=] <
) =
- b
— 8 B
k=) % 3 B
In H A k=
[T} ) Q
P
2 P
E g E
L =]
g P~ g
©° o
A o0
A \
Z 5
“w Z
N i
i o)
A -
o —
g g s
S
< <~E
) )
o wn B
-
=}
2
-
.8
€8 o a
5 g
| — &
@/S-—E 2 2
§22 & g
E2Eo 5 g
ST 8+ 2 2
S 3w 3 3
< a2 ~
2
= L @
2 S
< ko) 2T R
Jes) 5 S 3
= A a5 2
| a = O
o ~ — Q
- [""E RS
<9 = 3 EAN
= I~ S =
e OE ==
o T ¥ ~ 2 <
7 (=] o «
[ - & (O]
= = =
° ~ 3
£
E B
% {\v]au
g : =5
o 8 ¢ £ %
5 g E £ 2|k §
g S5 B9 =
£ =
"gb: = oMl 8T
= 8 9 h 2 S
T = o & —~ | <
Y
e )
< < =
£ O N
s > g < B
ot 3 & wn
T o (5 e}
s =
» » =
L 3 =}
= = &
k3 L7 i3
D~ @ =
(=3
$ B 2 2
< >3 < N < =
o oz oz
E < E
=i s}
= g ]
O 6 =
= 3 z
s 5 o
g 2|3
— g 5 —~
Em < = ‘s ®
i =g |&d2

THA, total hip arthroplasty; ORIF, open reduction and internal fixation; S-P, smith—petersen; K-L, kocher-langenbeck; AVN, avascular necrosis; HO, heterotopic ossifications; Pts, patients; 2°, THA-secondary THA.
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Yu et al. (14) managed six Pipkin Type III patients using
different surgical methods. One case of Type III was treated with
Total Hip Arthroplasty, while the other two cases were treated
with open reduction by cannulated screw fixation. The remaining
three patients underwent closed reduction with cannulated
screws. Despite the various functional outcomes among these
patients, the authors stated that the rate of femoral head necrosis
would increase enormously owing to the destruction of the blood
supply to the femoral head by open reduction.

In a study conducted by Wang et al. (27), among 12 patients
with Pipkin III, 6 (50%) underwent ORIF, 5 (42%) developed
osteonecrosis, and 1 (8%) developed non-union. The study
concluded that it was difficult to achieve satisfactory functional
outcomes when treating Pipkin type III femoral head fractures
using ORIF, and primary THA may be considered.

Based on the above larger series of studies, the authors
suggested that arthroplasty should be strongly considered in cases
of Pipkin Type III fractures. Therefore, we also proposed
strategic treatment algorithm for Pipkin type III fractures for the
decision making (Figure 1).

Surgical methods on Pipkin type Il

Despite advances in several surgical approaches for femoral
head fractures, controversy and debate remain concerning
effective surgical approaches. The surgical approaches used for
the treatment of femoral head fractures are variable. These
approaches include the Kocher-Langenbeck (posterior), Watson—
Jones (anterolateral), Smith-Petersen (anterior), and Ludloff
(medial) approaches (29).

Pipkin type III fractures were primarily treated using the
posterior approach employing the Kocher-Langenbeck (K-L) or
Trochanteric Flip techniques for open reduction and internal
fixation (ORIF) (26, 27). Trochanteric osteotomy, Gibson
approach, and a combination of anterior (Smith-Petersen) and
lateral stab incisions for cannulated screw fixation have also been
reported (13, 21, 22). In some cases, a combined anterior
(Smith-Petersen) and posterior (Kocher-Langenbeck) approach
has been used for fragment removal and fracture fixation.
Compared to other surgical approaches, the posterior approach is
associated with an increased incidence of osteonecrosis, as the
majority of the blood supply to the hip comes from the posterior
MFCA deep branch, which is endangered by the posterior
approach (30). The incidence of HO was also higher with the
posterior K-L approach.

Although the anterior approach causes less damage to the
blood supply to the femoral head, the increased risk of HO and
poor intraoperative visualization of the posterior structure of the
hip and femoral neck are limited in Pipkin type III. In addition,
it is difficult to reduce a femoral head fracture and femoral neck
in a non-reducible Pipkin type III dislocation through an
anterior approach.

In our previous study, we described the concept and strategy of
using the combined surgical window approach for Pipkin III. Here,
reduction and fixation of the femoral head were achieved with
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Femoral Head Fracture
Pipkin type Ill
Clinical Examination
Axillary Examination : X-Ray, CT, MRI
Decision for Treatment Strategies
Dependent on
Femoral head fracture inferior to Femoral head fracture superior to Femoral head fracture (comminution)
fovea centralis associated with fovea centralis associated with superior or inferior to
femoral neck fracture. femoral neck fracture. fovea centralis associated with femoral
neck fracture.
[ T | l
* No sign arthritis * Advance sign of arthritis of hip joint
* Age-young adult / middle aged patient * Age-Elderly patient Age > 65
* Fixable and attempt of hip preservation * Non-fixable, hip bone and vessels
disruption
Open Reduction and Internal Fixation (ORIF) I Total Hip Arthroplasty (THA) / Hemiarthroplasty (HA) |
FIGURE 1
Flowchart illustrating recommended treatment algorithm for Pipkin type Il femoral head fracture.

Herbert screws using the anterior S-P approach. In the same
window, reduction and preliminary fixation of the femoral neck
were achieved, and a separate lateral stab approach was used for
cannulated screw implant insertion (13). An x-ray conducted
four years subsequently revealed the removal of the cannulated
screws from the right hip, while the Herbert screws remained in
situ on the femoral head. There were no indications of avascular
necrosis or post-traumatic arthritis, and the hip exhibited a
functionally adequate range of motion (Figure 2).

In addition to percutaneous femoral neck fixation strategies
after a successful closed reduction of the femoral head fragment,
a lateral or anterolateral approach may be an adequate option.
An x-ray taken five years later displays the removal of the
cannulated screws from the right hip, with the Herbert screws
still in place on the femoral head with no indications of
avascular necrosis or post-traumatic arthritis.

A notable surgical innovation was introduced by Ganz et al. in
2001, which enabled full visualization of the hip and femoral head
(31). This technique, involving digastric flip osteotomy of the
greater trochanter, was designed to address complex hip
fractures, with a particular focus on Pipkin type III fractures.
This procedure significantly improved the surgical management
of these challenging cases. This method preserves the deep
branch of the medial femoral circumflex artery and allows
excellent visualization of the hip, including the femoral head and
neck. Notably, the Ganz approach has been reported to have a
lower rate of femoral head osteonecrosis.

The Ganz technique may be the preferred choice for treating
Pipkin type III femoral head fractures when initial open
reduction and internal fixation (ORIF) is selected. Nevertheless,
this technique carries certain risks, including the possibility of
non-union following trochanteric osteotomy. Additional potential
fracture non-union, dislocation of

complications include

Frontiers in Surgery

the osteotomized trochanter, and trochanteric  bursa
inflammation (32).
In 2018, Trikha et al. (33) demonstrated decreased

complication rates and positive clinical outcomes in patients with
complex acetabular or femoral head fractures treated with flip
trochanter osteotomy. Lin et al. (34) corroborated these findings
Their
involving Pipkin I or II fractures, revealed that 77.3% achieved

using an identical surgical technique. investigation,
excellent or good results evaluated through MdA for clinical
outcome and Thompson-Epstein for radiological outcome.

In a review conducted by Kloub et al. (35), odds ratio analysis
demonstrated a significantly lower incidence of AVN in
trochanteric-flip osteotomy than in anterior exposure (2.81 times,
p=0.008) and the classic Kocher-Langenbeck approach (2.19
times, p =0.048). Moreover, flip osteotomy exhibited a 1.88 times
lower occurrence of heterotopic ossification (all Brooker stages)
than anterior exposure (p =0.013).

Therefore, the Ganz flip approach (Gibson or K-L interval) is
an emerging choice once initial ORIF has been chosen for treating
Pipkin type III femoral head fractures.

In recent times, hip arthroscopy has emerged as a valuable
technique increasingly employed for minimally invasive surgeries
aimed at diagnosing and treating hip injuries. This procedure is
frequently utilized to remove loose bodies or bone fragments
within the joint and to clean up the labrum and ligamentum
teres after damage to the posterior wall of the acetabulum or
femoral head following hip reductions (36).

There has been a 93.8% success rate in patients with
arthroscopically deployed loose body extractions, with good
prognosis and few reported fatal complications (37). A systematic
review and meta-analysis of Pipkin I fracture suggested that
surgical excision has the best functional outcome, whereas
fixation may have higher AVN and osteoarthritis. Thus,
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FIGURE 2

(A) Hip joint straight leg raising (B) Hip joint extension in standing position. (C) Complete squatting with flexion of hip joint. (D) Hip abduction in supine
position. (E) Normal Internal rotation (F) Normal external rotation and abduction.

operating on type 1 fractures situated at lateral weight-bearing using
arthroscopy-assisted fixation has advantages over open reduction
(37-39). Likewise, Type 2 fractures in the infra-foveal area are more
prone to be easily fixed in hip abduction, flexion, and external or
internal rotation with better visualization during arthroscopy
procedures (40). As a result, arthroscopy assist fixation of femoral
head appears to be suitable primarily for addressing Pipkin type
I and II fractures. With the current methods, tools, and expertise of
skilled arthroscopists, hip arthroscopy is a complementary option
for managing stable fracture of femoral head after the fixation of
femoral neck in pipkin type III with appropriate management such
as minimal invasive percutaneous fixation.

Furthermore, in selected patients, arthroscopy may enable
intervention of both acetabular and femoral pathologies in the same
session by closed means (41). Analysis by Chen et al. of hip scope-
assisted surgery for Pipkin Type I and II femoral head fractures
showed excellent and good results after fragment excision or
fixation. No significant differences in operative time, VAS score, or
hospital stay were found between groups. The excision group
showed better outcomes than the fixation group according to
mHHS (P =0.009), similar to open surgery (40).

Following traditional surgical treatment for hip fracture-
dislocations, major complications of AVN, osteoarthritis, and

Frontiers in Surgery

heterotopic ossification between 4% and 78% have been reported
after the first 5 years of trauma (37). There are insufficient data
to compare complication rates between ORIF and arthroscopy
for hip fractures; however, arthroscopy may decrease
complication rates, increase union rates, and yield excellent HHS
results. It is important to note that osteoarthritis and avascular
necrosis development are also associated with trauma severity,
not just the treatment modality. Patients treated with arthroscopy
assisted are mostly selected cases with less severe injuries (42).

Consequently, as supported by previous evidence-based
studies, hip arthroscopy is an effective and less invasive method
for addressing Pipkin Type I and II femoral head fractures, as
well as Pipkin III after the femoral neck has been treated,
resulting in good clinical outcomes.

Discussion

Pipkin type III fractures result from high-energy hip trauma.
A major concern is that it is the least frequent fracture with dual
insult to the femoral head and neck, which is considered a
catastrophic situation in orthopedic trauma. Upon preserving hip
congruency, Pipkin type III fractures may not have favorable
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No. Advance sign of arthritis of the hip joint or
immobilization , young patients

FIGURE 3

advanced arthritis or restricted joints in the elderly patients.

Illustrative diagram of recommended treatment variables for Pipkin type Ill fractures. Attempts for hip preservation in young patients with ORIF in the
femoral head can be stabilized superiorly or inferiorly in fractured fragments with a countersunk or headless compression screw subchondral. The
Smith-Peterson approach, which reduces surgical duration and blood loss, facilitates this stabilization. The stabilization of the femoral neck can be
performed using percutaneous reduction with cannulated screws. Total hip replacement is selected for comminuted femoral head fractures with

T

Yes. Advance sign of arthritis of the hip joint or
immobilization , elderly patients

surgical outcomes as per the previously published literatures in the
Table 1.

Despite head-preserving techniques, high-degree lesions in
vertical neck fractures and fragments of the femoral head
(anterior/inferior) with internal fixation, especially in young
patients, can lead to osteonecrosis of the femoral head. Multiple
cannulated screw fixation (CSF) and Herbert screws are widely
accepted approaches for the management of such patients
(Figure 3). The disability and consequences of requiring revision
surgery or conversion to arthroplasty are 20%-36% (43). The
failure rate due to AVN can be even higher for Pipkin III fractures.

The development of osteonecrosis has been correlated with
multiple factors including ischemic traumatic or non-traumatic
intra-or extracapsular hip dislocation and fracture, age at the
time of injury, degree of displacement, presence of posterior
comminution, verticality of the fracture line, quality of reduction,
and implant removal. Besides, corticosteroid therapy, chronic
alcohol use, coagulopathy, and congenital causes frequently lead
to AVN of the femoral head (44, 45). Moreover, prolonged
dislocation of the joint and fracture accelerate the lack of blood
supply to the femoral head, which may result in AVN of the
femoral head. The remaining blood supply to the femoral head
may be better preserved with an early and successful reduction.
An attempt for prompt reduction with surgical management
within six hours preferably decreases AVN (46). Osteonecrosis of
the femoral head can occur anywhere between 6 months and
many years after the initial injury; however, most cases present
within 2 years (47). Therefore, patients should be followed-up for
identify
osteonecrosis, both clinically and radiologically. The onset of

at least two years post-operatively to signs of
AVN is insidious, and the signs and symptoms are minimal until

they are in an advanced stage. Patients usually complain of

Frontiers in Surgery

localized pain in the groin radiating towards the anterior medial
thigh or knee. Pain is exaggerated by weight-bearing activities,
which are deep and throbbing, particularly at night. Supporting
this evidence, Nam et al. explained the nature of asymptomatic
osteonecrosis of the femoral head in which there were 105
asymptomatic. The study revealed that 43 AVN patients
remained painless without collapse for 5 years or more (48).
Osteosynthesis after Pipkin type III fractures can also cause mild
pain and asymptomatic necrosis of the femoral head. Despite
severe collapse of the weight-bearing portion, the patient
continued his daily activities without much difficulty (Figure 4).
In the case of implant collapse, the screw tip becomes
prominent, colliding with the acetabulum dome, followed by the
progressive loss of articular cartilage, leading to degeneration and
osteoarthritis of the hip joint. Correspondingly, highly active
patients have increased failure rates of ORIF and less favorable
functional outcomes than elderly patients. However, assessing the
stage of AVN with the use of MRI in Pipkin type III with post-
ORIF stainless steel implantation is sometimes difficult due to
metal artifacts (49).

Magnetic resonance imaging (MRI) is the imaging method of
choice, with the highest sensitivity and specificity in comparison
to plain radiography, computed tomography, or scintigraphy. It
is the most useful screening tool for early diagnosis, quantitative
evaluation of the extent of disease within the femoral head, and
staging of the disease (50, 51). Ficat and Arlet are the most
commonly used classifications for AVN (52). Taking into
account the above evidence from our institutional experience, we
believe that Pipkin III fractures are predictive of poorer outcomes
with major complications, such as AVN. We advocate those
adult patients with comminution of femoral head fractures and
vertical fractures of the neck be managed with primary THA.
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FIGURE 4
A 35-year-old man'’s (A) pre-operative 3D CT scan of the hip joint showed bilateral Pipkin I fracture-dislocation of the femoral head and neck. The

right femoral head had two-part irregular fractures and a sub capital femoral neck fracture. The left hip had a comminuted femoral head fracture and
subcapital neck fracture. (B) Postoperative radiographs revealing open reduction and internal fixation with three cannulated screws on the right hip
and primary Total Hip Arthroplasty of the left hip. (C) Plain radiograph showing right-sided femoral head avascular necrosis with progressive
shrinkage and collapse of the acetabulum dome within three years.

FIGURE 5
A 28y years old female who sustained a low energy fall at the workplace. (A) The pre-operative coronal view of CT scan revealed a right-sided femoral

head and neck fracture. (B) The post-operative plain radiograph shows the internal fixation on the right femoral head and neck with two Herbert
screws and three cannulated screws. (C) An x-ray taken four years later displays the removal of the cannulated screws from the right hip, with the
Herbert screws still in place on the femoral head with no indications of avascular necrosis or post-traumatic arthritis.

Despite the above-mentioned strategy, ORIF should always be  dislocation, and young age (Figure 5). Despite strong arguments to
reserved for fractures with minimal breakage of the femoral head or ~ consider arthroplasty for Pipkin III fractures, if anatomic reduction
non-displaced femoral neck fracture, with no evidence of can be achieved, ORIF of Pipkin III fractures may still be reasonable,
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particularly in young patients. Additionally, low-energy iatrogenic
femoral neck fractures may be easier to reduce anatomically and
pose less risk of osteonecrosis; therefore, a single case may not
predict the outcome for the more typical Pipkin III fracture treated
with fixation (53). Additionally, safe surgical practice should be
performed to protect the major deep medial circumflex artery
branch and preserve the posterosuperior retinaculum. We also
emphasized the early time to surgery in a safer manner when opting
for ORIF. Otherwise, patients experience greater morbidity from
injury due to collapse in ORIF and osteonecrosis.

Alternatively, hemiarthroplasty may also be an option for Pipkin
type III fractures. However, erosion of the acetabular cartilage at some
level is a complication that can result in pain and component
migration, with the eventual need for revision Total Hip
Arthroplasty (THA). The most common clinical etiology of
acetabular erosion may be direct or indirect injury from initial
trauma or wear and tear of the native cartilage. In contrast, non-
anatomical artificial weight-bearing metals, polyethylene, or cement
particles lead to an inflammatory reaction that can cause osteolysis
(54,  55). bipolar
hemiarthroplasty with a metal-polyethylene interface has less stress

and cartilage degeneration However,

and wear mechanisms in acetabular erosion. Ultimately, a long-term
prognosis is necessary for THA (56).

10.3389/fsurg.2025.1554603

It is well documented that the outcome of THA in the end-stage
of hip disease, traumatic etiology of a femoral neck fracture, or Pipkin
fractures is good with patient factors and implant characteristics (57,
58). THA has gained popularity as a solution for femoral neck
fractures in elderly individuals with an active lifestyle, good general
medical condition, and independent pre-injury mobilization status
(59). THA in healthy individuals is associated with better patient-
based outcomes but higher dislocation rates than hemiarthroplasty
(60). Given the challenges of ORIF, salvage for THA following
internal fixation of the femoral neck fracture has a significantly
higher complication rate, such as infection, dislocation, and
periprosthetic fracture, in comparison to primary THA (61) and
without justifying doubt that holds the same for Pipkin III
fractures. The mean time from primary osteosynthesis to additional
THA in patients with Pipkin type III was approximately 27.7
months (27). Considering that the outcome of THA after ORIF
surgery is suboptimal compared to the outcome of direct THA,
most surgeons tend towards direct primary THA even at a young
age because of the risk of AVN, keeping in mind that ORIF might
eventually collapse when Pipkin type III is encountered (62).

THA implants typically last approximately 40 years, making them
suitable for older individuals. However, the durability of these implants
in younger and active patients can fluctuate according to their level of

FIGURE 6

is shown.

40-years old man sustained a high-speed vehicle accident (A) the pre-operative x-ray films revealed a pipkin Il fracture involving the femoral head and
neck on the left side. (B) The post-operative radiograph displayed internal fixation using three-cannulated screws. (C)Follow-up radiographs taken 18
months later indicated obvious implant failure and femoral head necrosis. (D) A postoperative radiograph taken two months after total hip arthroplasty
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physical activity (63). These patients might need multiple revision
surgeries throughout their lives because of implant deterioration or
loosening, and even after THA, the implants may not fully
accommodate their lifestyle needs. Consequently, it is crucial to
consider various factors, including ORIF and primary THA, while
also focusing on the surgical approach, long-term implant survival,
post-operative care, and rehabilitation protocols (64). When selecting
implants, it is important to evaluate weight-bearing surfaces, such as
ceramic-on-ceramic and metal-on-polyethylene, as well as fixation
methods involving cemented or cementless implants (65, 66).

THA is the primary treatment for hip fractures in young
individuals. Based on the literature, the 20-year prosthesis
survivorship after primary THA in patients under 35 years of age is
only 41%-66% (67-69). Therefore, it is prudent to choose an
appropriate treatment option. Nevertheless, to achieve positive and
excellent outcomes, both young and elderly patients undergoing
THA have been continuously revolutionized with new and modern
prosthetic component-designed implants and improved surgical
techniques. New-generation Titanium Acetabular Component hip
implants are ideal for extremely young and elderly patients
undergoing THA to improve survivability and reduce complications
(70). Thus, THA is preferable for Pipkin type III fractures (Figure 6).

The limitation of this literature review focuses specifically on Pipkin
type III fractures and integrates our institution’s experiences with
existing research and case studies. Patients with other types of Pipkin
fractures were excluded from the analysis. We posit that a substantial
sample size would enhance the power of subgroup analyses based on
factors such as age and timing of surgery or hip reduction. Various
treatment methods, including ORIF, THA, and hemiarthroplasty,
were collected for surgical management. However, a consistent
comparative study focusing solely on ORIF and direct THA, with a
long-term follow-up of at least 5-10 years, is necessary to assess the
effectiveness of these two approaches for treating Pipkin III.

Conclusion

In conclusion, the management of Pipkin type III fractures
requires proper planning for either ORIF or THA. Our
institutional experience concludes that surgical management with
long-term strategies is essential to prevent complications such as
AVN or post-traumatic arthritis, which leads to potentially
varying degrees of disability in patient outcomes. Reoperation
and surgical intervention pose significant economic burden,
functional impairment, and quality of life. Therefore, identifying
Pipkin Type III fractures, age group, severity, and expertise is
essential for recommending surgical care. Owing to the lack of
absolute recommendations and indications for management, the
outcome is usually discouraging. In the past 20 years, the field of

References

1. Birkett J. Description of a dislocation of the head of the femur, complicated with
its fracture; with remarks by John Birkett (1815-1904). Clin Orthop Relat Res. (1869)
2000(377):4-6. doi: 10.1097/00003086-200008000-00002

Frontiers in Surgery

10

10.3389/fsurg.2025.1554603

Pipkin type III has garnered increasing attention. This literature
review can contribute additional insights and sources to the
expanding body of knowledge on Pipkin III treatment.
Consequently, it is crucial to conduct an extensive prospective

investigation using validated outcome measures.

Author contributions

SS: Methodology, Resources, Validation,

Visualization, Writing - original draft, Writing - review &

Investigation,

editing. QZ: Data curation, Writing - review & editing. YW:
Writing - review & editing, Resources. XW: Formal analysis,
Writing -

original draft. LC: Conceptualization, Funding

acquisition, Investigation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

2. Bettinelli G, Placella G, Moharamzadeh D, Belluati A, Salini V. Articular femoral
head fracture management: a meta-analysis of literature. Indian J Orthop. (2021)
55(Suppl 2):304-13. doi: 10.1007/s43465-021-00431-4

frontiersin.org


https://doi.org/10.1097/00003086-200008000-00002
https://doi.org/10.1007/s43465-021-00431-4
https://doi.org/10.3389/fsurg.2025.1554603
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Shakya et al.

3. Pipkin G. Treatment of grade IV fracture-dislocation of the hip. ] Bone Joint Surg
Am. (1957) 39-a(5):1027-42. doi: 10.2106/00004623-195739050-00004

4. Giannoudis PV, Kontakis G, Christoforakis Z, Akula M, Tosounidis T, Koutras C.
Management, complications and clinical results of femoral head fractures. Injury.
(2009) 40(12):1245-51. doi: 10.1016/j.injury.2009.10.024

5. Mukhopadhaya ], Bhadani JS, Shyam A. Functional outcome of Pipkin type III
fracture managed by osteosynthesis through trochanteric flip osteotomy in a young
patient after 5 years follow-up—a case report and literature review. J Orthop Case
Rep. (2021) 11(8):101-6. doi: 10.13107/jocr.2021.v11.i08.2386

6. Sculco PK, Lazaro LE, Su EP, Klinger CE, Dyke JP, Helfet DL, et al. A vessel-
preserving surgical hip dislocation through a modified posterior approach:
assessment of femoral head vascularity using gadolinium-enhanced MRI. ] Bone
Joint Surg Am. (2016) 98(6):475-83. doi: 10.2106/JBJS.15.00367

7. Dawson-Amoah K, Raszewski J, Duplantier N, Waddell BS. Dislocation of the
hip: a review of types, causes, and treatment. Ochsner J. (2018) 18(3):242-52.
doi: 10.31486/t0j.17.0079

8. Park KS, Lee KB, Na BR, Yoon TR. Clinical and radiographic outcomes of femoral
head fractures: excision vs. fixation of fragment in Pipkin type I: what is the optimal
choice for femoral head fracture? J Orthop Sci. (2015) 20(4):702-7. doi: 10.1007/
s00776-015-0732-6

9. Keong MW, Razak H, Koon WM, Ping CC. Case report of a rare Pipkin type III
femoral head fracture. J Orthop Case Rep. (2019) 9(5):11-5. doi: 10.13107/jocr.2019.
v09.i05.1510

10. Tonetti J, Ruatti S, Lafontan V, Loubignac F, Chiron P, Sari-Ali H, et al. Is
femoral head fracture-dislocation management improvable: a retrospective study in
110 cases. Orthop Traumatol Surg Res. (2010) 96(6):623-31. doi: 10.1016/j.0tsr.2010.
03.020

11. Scolaro JA, Marecek G, Firoozabadi R, Krieg JC, Routt MLC. Management and
radiographic outcomes of femoral head fractures. J Orthop Traumatol. (2017)
18(3):235-41. doi: 10.1007/s10195-017-0445-z

12. Kokubo Y, Uchida K, Takeno K, Yayama T, Miyazaki T, Negoro K, et al.
Dislocated intra-articular femoral head fracture associated with fracture-dislocation
of the hip and acetabulum: report of 12 cases and technical notes on surgical
intervention. Eur ] Orthop Surg Traumatol. (2013) 23(5):557-64. doi: 10.1007/
500590-012-1027-7

13. Shakya S, Chen J, Sun J, Xiang Z. Management and outcome of patients with
femoral head fractures: the mid-term follow-up with injuries and associated
prognostic factors. BMC Musculoskelet Disord. (2023) 24(1):311. doi: 10.1186/
512891-023-06317-w

14. Yu X, Pang QJ, Chen X]. Clinical results of femoral head fracture-dislocation
treated according to the pipkin classification. Pak | Med Sci. (2017) 33(3):650-3.
doi: 10.12669/pjms.333.12633

15. Stannard JP, Harris HW, Volgas DA, Alonso JE. Functional outcome of patients
with femoral head fractures associated with hip dislocations. Clin Orthop Relat Res.
(2000) 377:44-56. doi: 10.1097/00003086-200008000-00008

16. Yamamoto Y, Ide T, Ono T, Hamada Y. Usefulness of arthroscopic surgery in
hip trauma cases. Arthroscopy. (2003) 19(3):269-73. doi: 10.1053/jars.2003.50033

17. Guimaraes RP, Saeki de Souza G, da Silva Reginaldo S, Ono NK, Honda EK,
Polesello GC, et al. Study of the treatment of femoral head fractures. Rev Bras
Ortop. (2010) 45(4):355-61. doi: 10.1016/52255-4971(15)30381-5

18. Park KH, Kim JW, Oh CW, Kim JW, Oh JK, Kyung HS. A treatment strategy to
avoid iatrogenic Pipkin type III femoral head fracture-dislocations. Arch Orthop
Trauma Surg. (2016) 136(8):1107-13. doi: 10.1007/s00402-016-2481-1

19. Singaravadivelu V, Bassetty KC, Balakrishnan TM, Lankaram JJ. Management of
Pipkin type-III femoral head fracture and ipsilateral open floating knee with extensor
apparatus injury: a case report. JBJS Case Connect. (2016) 6(1):e19. doi: 10.2106/JBJS.
CC.0.00110

20. Zhao B, Li H, Yan ], Han LR, Yang XF. Pipkin type III femoral head fracture-
dislocation combined with complicated acetabular fracture: a rare case report and
literature review. Medicine (Baltimore). (2017) 96(50):¢9214. doi: 10.1097/MD.
0000000000009214

21. Peng SH, Wu CC, Yu YH, Lee PC, Chou YC, Yeh WL. Surgical treatment of
femoral head fractures. Biomed J. (2020) 43(5):451-7. doi: 10.1016/.bj.2019.08.004

22. Alyousif H, Aleisawi H, Alkaff H, Albusayes N. Terrible triad of the hip: a case
report. Int J Surg Case Rep. (2021) 82:105758. doi: 10.1016/j.ijscr.2021.105758

23. Sen RK, Tripathy SK, Goyal T, Aggarwal S, Kashyap S, Purudappa PP, et al.
Complications and functional outcome of femoral head fracture-dislocation in
delayed and neglected cases. Indian J Orthop. (2021) 55(3):595-605. doi: 10.1007/
543465-020-00309-x

24. Enocson A, Wolf O. Pipkin fractures: epidemiology and outcome. Eur ] Trauma
Emerg Surg. (2022) 48(5):4113-8. doi: 10.1007/s00068-022-01951-w

25. Li QW, Zhou CS, Li YP. Case report of a delayed iatrogenic Pipkin type III
femoral head fracture-dislocation. Medicine (Baltimore). (2022) 101(4):e28773.
doi: 10.1097/MD.0000000000028773

26. Yoon YC, Oh CW, Kim JW, Heo J, Song HK. Safety of surgical hip dislocation in
femoral head fracture and dislocation (FHFD) and avascular necrosis risk factor

Frontiers in Surgery

1

10.3389/fsurg.2025.1554603

analysis of FHFD: midterm results confirmed by SPECT/CT and MRIL ] Orthop
Surg Res. (2022) 17(1):278. doi: 10.1186/s13018-022-03160-y

27. Wang S, Yu X, Li B, Ding Q, Wang T, Li Q, et al. Pipkin type III femoral head
fracture: which treatment strategy can be recommended? J Orthop Traumatol. (2023)
24(1):28. doi: 10.1186/s10195-023-00701-x

28. Paigude PA, Katkar MR, Kumarjuvekar SA, Kakad M, Rochwani S. Case report
of a delayed rare Pipkin type III fracture in adult male patient. ] Orthop Case Rep.
(2024) 14(8):16-9. doi: 10.13107/jocr.2024.v14.108.4630

29. Génsslen A, Lindtner RA, Krappinger D, Franke J. Pipkin fractures: fracture
type-specific management. Arch Orthop Trauma Surg. (2024) 144(10):4601-14.
doi: 10.1007/s00402-024-05576-z

30. Khalifa AA, Ahmed EM, Farouk OA. Surgical approaches for managing femoral
head fractures (FHFs); what and how to choose from the different options? Orthop Res
Rev. (2022) 14:133-45. doi: 10.2147/ORR.S353582

31. Ganz R, Gill TJ, Gautier E, Ganz K, Kriigel N, Berlemann U. Surgical dislocation
of the adult hip. J Bone Joint Surg Br. (2001) 83-B(8):1119-24. doi: 10.1302/0301-
620X.83B8.0831119

32. Gavaskar AS, Tummala NC. Ganz surgical dislocation of the hip is a safe
technique for operative treatment of pipkin fractures. Results of a prospective trial.
J Orthop Trauma. (2015) 29(12):544-8. doi: 10.1097/BOT.0000000000000399

33. Trikha V, Das S, Madegowda A, Agrawal P. Midterm results of trochanteric flip
osteotomy technique for management of fractures around the hip. Hip Int. (2018)
28(2):148-55. doi: 10.5301/hipint.5000539

34. Lin S, Tian Q, Liu Y, Shao Z, Yang S. Mid- and long-term clinical effects of
trochanteric flip osteotomy for treatment of Pipkin I and II femoral head fractures.
Nan Fang Yi Ke Da Xue Xue Bao. (2013) 33(9):1260-4. doi: 10.3126/jgmcn.v11i02.
22959

35. Kloub M, Latal P, Giannoudis P. Techniques and results of reconstruction of
femoral head fractures: an update. Injury. (2024) 55(6):111473. doi: 10.1016/j.injury.
2024.111473

36. Mani US, DeJesus DE, Ostrum RF. Arthroscopically-assisted removal of retained
loose bodies in acute acetabular fractures: a modified technique. Am J Orthop (Belle
Mead NJ). (2013) 42(4):186-9. https://pubmed.ncbi.nlm.nih.gov/23630669/

37. Soylemez MS, Kemah B, Poyanli O. Arthroscopy-assisted reduction and fixation
of femoral head and acetabulum fractures: a systematic review of the literature. Orthop
Surg. (2022) 14(4):652-62. doi: 10.1111/0s.13245

38. Aprato A, Caruso R, Reboli M, Giachino M, Mass¢ A. Arthroscopic reduction
and fixation of a pipkin type-I femoral head fracture. JBJS Essent Surg Tech. (2024)
14(2):e23. doi: 10.2106/JBJS.ST.23.00073

39. Alfikey A, El-Bakoury A, Karim MA, Farouk H, Kaddah MA, Abdelazeem AH.
Role of arthroscopy for the diagnosis and management of post-traumatic hip pain: a
prospective study. ] Hip Preserv Surg. (2019) 6(4):377-84. doi: 10.1093/jhps/hnz052

40. Chen CY, Hsu SL, Hsu CH, Liu HC, Lu YD. Pipkin type I and II femoral head
fractures: internal fixation or excision?-from the hip arthroscopy perspective. ] Hip
Preserv Surg. (2023) 10(1):31-6. doi: 10.1093/jhps/hnad002

41. Park M-S, Yoon S-J, Choi S-M. Hip arthroscopic management for femoral head
fractures and posterior acetabular wall fractures (Pipkin type IV). Arthrosc Tech.
(2013) 2(3):¢221-5. doi: 10.1016/j.eats.2013.02.009

42. Pascarella R, Sangiovanni P, Cerbasi S, Fantasia R, Consonni O, Zottola V, et al.
Periprosthetic acetabular fractures: a new classification proposal. Injury. (2018)
49(Suppl 3):565-73. doi: 10.1016/j.injury.2018.09.061

43. Han Z, Taxi W, Jia H, Ji N, Cao D, Sun X, et al. Multiple cannulated screw
fixation of femoral neck fractures with comminution in young- and middle-aged
patients. J Orthop Surg Res. (2022) 17(1):280. doi: 10.1186/s13018-022-03157-7

44. Pauyo T, Drager J, Albers A, Harvey EJ. Management of femoral neck fractures
in the young patient: a critical analysis review. World J Orthop. (2014) 5(3):204-17.
doi: 10.5312/wjo.v5.i3.204

45. Konarski W, Pobozy T, Sliwczyr'lski A, Kotela I, Krakowiak J, Hordowicz M,
et al. Avascular necrosis of femoral head-overview and current state of the art. Int
] Environ Res Public Health. (2022) 19(12):7348. doi: 10.3390/ijerph19127348

46. Mehlman CT, Hubbard GW, Crawford AH, Roy DR, Wall EJ. Traumatic hip
dislocation in children. Long-term followup of 42 patients. Clin Orthop Relat Res.
(2000) 376:68-79. doi: 10.1097/00003086-200007000-00011

47. Bachiller FG-C, Caballer AP, Portal LF. Avascular necrosis of the femoral head
after femoral neck fracture. Clin Orthop Relat Res. (2002) 399:87-109. doi: 10.1097/
00003086-200206000-00012

48. Nam KW, Kim YL, Yoo JJ, Koo KH, Yoon KS, Kim HJ. Fate of untreated
asymptomatic osteonecrosis of the femoral head. J Bone Joint Surg Am. (2008)
90(3):477-84. doi: 10.2106/JBJS.F.01582

49. Knott PT, Mardjetko SM, Kim RH, Cotter TM, Dunn MM, Patel ST, et al. A
comparison of magnetic and radiographic imaging artifact after using three types of
metal rods: stainless steel, titanium, and vitallium. Spine J. (2010) 10(9):789-94.
doi: 10.1016/j.spinee.2010.06.006

50. Ha YC, Jung WH, Kim JR, Seong NH, Kim SY, Koo KH. Prediction of collapse
in femoral head osteonecrosis: a modified Kerboul method with use of magnetic

frontiersin.org


https://doi.org/10.2106/00004623-195739050-00004
https://doi.org/10.1016/j.injury.2009.10.024
https://doi.org/10.13107/jocr.2021.v11.i08.2386
https://doi.org/10.2106/JBJS.15.00367
https://doi.org/10.31486/toj.17.0079
https://doi.org/10.1007/s00776-015-0732-6
https://doi.org/10.1007/s00776-015-0732-6
https://doi.org/10.13107/jocr.2019.v09.i05.1510
https://doi.org/10.13107/jocr.2019.v09.i05.1510
https://doi.org/10.1016/j.otsr.2010.03.020
https://doi.org/10.1016/j.otsr.2010.03.020
https://doi.org/10.1007/s10195-017-0445-z
https://doi.org/10.1007/s00590-012-1027-7
https://doi.org/10.1007/s00590-012-1027-7
https://doi.org/10.1186/s12891-023-06317-w
https://doi.org/10.1186/s12891-023-06317-w
https://doi.org/10.12669/pjms.333.12633
https://doi.org/10.1097/00003086-200008000-00008
https://doi.org/10.1053/jars.2003.50033
https://doi.org/10.1016/S2255-4971(15)30381-5
https://doi.org/10.1007/s00402-016-2481-1
https://doi.org/10.2106/JBJS.CC.O.00110
https://doi.org/10.2106/JBJS.CC.O.00110
https://doi.org/10.1097/MD.0000000000009214
https://doi.org/10.1097/MD.0000000000009214
https://doi.org/10.1016/j.bj.2019.08.004
https://doi.org/10.1016/j.ijscr.2021.105758
https://doi.org/10.1007/s43465-020-00309-x
https://doi.org/10.1007/s43465-020-00309-x
https://doi.org/10.1007/s00068-022-01951-w
https://doi.org/10.1097/MD.0000000000028773
https://doi.org/10.1186/s13018-022-03160-y
https://doi.org/10.1186/s10195-023-00701-x
https://doi.org/10.13107/jocr.2024.v14.i08.4630
https://doi.org/10.1007/s00402-024-05576-z
https://doi.org/10.2147/ORR.S353582
https://doi.org/10.1302/0301-620X.83B8.0831119
https://doi.org/10.1302/0301-620X.83B8.0831119
https://doi.org/10.1097/BOT.0000000000000399
https://doi.org/10.5301/hipint.5000539
https://doi.org/10.3126/jgmcn.v11i02.22959
https://doi.org/10.3126/jgmcn.v11i02.22959
https://doi.org/10.1016/j.injury.2024.111473
https://doi.org/10.1016/j.injury.2024.111473
https://pubmed.ncbi.nlm.nih.gov/23630669/
https://doi.org/10.1111/os.13245
https://doi.org/10.2106/JBJS.ST.23.00073
https://doi.org/10.1093/jhps/hnz052
https://doi.org/10.1093/jhps/hnad002
https://doi.org/10.1016/j.eats.2013.02.009
https://doi.org/10.1016/j.injury.2018.09.061
https://doi.org/10.1186/s13018-022-03157-7
https://doi.org/10.5312/wjo.v5.i3.204
https://doi.org/10.3390/ijerph19127348
https://doi.org/10.1097/00003086-200007000-00011
https://doi.org/10.1097/00003086-200206000-00012
https://doi.org/10.1097/00003086-200206000-00012
https://doi.org/10.2106/JBJS.F.01582
https://doi.org/10.1016/j.spinee.2010.06.006
https://doi.org/10.3389/fsurg.2025.1554603
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Shakya et al.

resonance images. ] Bone Joint Surg Am. (2006) 88(Suppl 3):35-40. doi: 10.2106/JBJS.
F.00535

51. Choi HR, Steinberg ME, YC E. Osteonecrosis of the femoral head: diagnosis and
classification systems. Curr Rev Musculoskelet Med. (2015) 8(3):210-20. doi: 10.1007/
s12178-015-9278-7

52. Jawad MU, Haleem AA, Scully SP. In brief: ficat classification: avascular necrosis
of the femoral head. Clin Orthop Relat Res. (2012) 470(9):2636-9. doi: 10.1007/
511999-012-2416-2

53. Schaffer NE, Luther L, Tatman LM, Mitchell PM. Femoral head fractures:
evaluation, management, and outcomes. | Am Acad Orthop Sur. (2024)
32(20):929-37. doi: 10.5435/JAAOS-D-23-01121

54. Inngul C, Hedbeck CJ, Blomfeldt R, Lapidus G, Ponzer S, Enocson A. Unipolar
hemiarthroplasty versus bipolar hemiarthroplasty in patients with displaced femoral
neck fractures: a four-year follow-up of a randomised controlled trial. Int Orthop.
(2013) 37(12):2457-64. doi: 10.1007/s00264-013-2117-9

55. Dalldorf PG, Banas MP, Hicks DG, Pellegrini VD Jr. Rate of degeneration of
human acetabular cartilage after hemiarthroplasty. J Bone Joint Surg Am. (1995)
77(6):877-82. doi: 10.2106/00004623-199506000-00008

56. Adenikinju A, Slover JD, Egol KA. Rapid acetabular chondrolysis following
hemiarthroplasty of the hip: a poor prognostic sign. Case Rep Orthop. (2019)
2019:7328526. doi: 10.1155/2019/7328526

57. Polkowski GG, Callaghan JJ, Mont MA, Clohisy JC. Total hip arthroplasty in the
very young patient. ] Am Acad Orthop Surg. (2012) 20(8):487-97. doi: 10.5435/
JAAOS-20-08-487

58. Shapira J, Chen SL, Rosinsky PJ, Maldonado DR, Lall AC, Domb BG. Outcomes
of outpatient total hip arthroplasty: a systematic review. Hip Int. (2020) 31(1):4-11.
doi: 10.1177/1120700020911639

59. Yu L, Wang Y, Chen J. Total hip arthroplasty versus hemiarthroplasty for
displaced femoral neck fractures: meta-analysis of randomized trials. Clin Orthop
Relat Res. (2012) 470(8):2235-43. doi: 10.1007/s11999-012-2293-8

60. Burgers PT, Van Geene AR, Van den Bekerom MP, Van Lieshout EM, Blom B,
IS A, et al. Total hip arthroplasty versus hemiarthroplasty for displaced femoral neck
fractures in the healthy elderly: a meta-analysis and systematic review of randomized
trials. Int Orthop. (2012) 36(8):1549-60. doi: 10.1007/500264-012-1569-7

Frontiers in Surgery

12

10.3389/fsurg.2025.1554603

61. Maceroli M, Nikkel LE, Mahmood B, Ketz JP, Qiu X, Ciminelli ], et al. Total hip
arthroplasty for femoral neck fractures: improved outcomes with higher hospital
volumes. ] Orthop Trauma. (2016) 30(11):597-604. doi: 10.1097/BOT.
0000000000000662

62. Healy WL, Iorio R. Total hip arthroplasty: optimal treatment for displaced
femoral neck fractures in elderly patients. Clin Orthop Relat Res. (2004) 429:43-8.
doi: 10.1097/01.b10.0000150273.13949.62

63. Negm AM, Beaupre LA, Goplen CM, Weeks C, Jones CA. A scoping review of
total hip arthroplasty survival and reoperation rates in patients of 55 years or younger.
Health services implications for revision surgeries. Arthroplasty Today. (2022)
16:247-58.€6. doi: 10.1016/j.artd.2022.05.012

64. Suryanarayan P, Kanniyan K, Bose VC. Re-revision total hip arthroplasty. In:
Sharma M, editor. Hip Arthroplasty: Current and Future Directions. Singapore:
Springer Nature Singapore (2023). p. 811-24.

65. Shang X, Fang Y. Comparison of ceramic-on-ceramic vs. ceramic-on-
polyethylene for primary total hip arthroplasty: a meta-analysis of 15 randomized
trials. Front Surg. (2021) 8:751121. doi: 10.3389/fsurg.2021.751121

66. Vendittoli P-A, Shahin M, Riviére C, Barry J, Lavoie P, Duval N. Ceramic-on-
ceramic total hip arthroplasty is superior to metal-on-conventional polyethylene at
20-year follow-up: a randomised clinical trial. Orthop Traumatol Surg Res. (2021)
107(1):102744. doi: 10.1016/j.0tsr.2020.102744

67. Shakya H, Zhou K, Yao SY, Dahal S, Zhou ZK. Short to mid-term outcome of
total hip arthroplasty with cementless implants in patients younger than 25 years old.
Orthopade. (2021) 50(9):742-9. doi: 10.1007/s00132-020-03966-w

68. Swarup I, Shields M, Mayer EN, Hendow CJ, Burket JC, Figgie MP. Outcomes
after total hip arthroplasty in young patients with osteonecrosis of the hip. Hip Int.
(2017) 27(3):286-92. doi: 10.5301/hipint.5000457

69. Swarup I, Lee YY, Christoph EI, Mandl LA, Goodman SM, Figgie MP. Implant
survival and patient-reported outcomes after total hip arthroplasty in young patients
with juvenile idiopathic arthritis. J Arthroplasty. (2015) 30(3):398-402. doi: 10.1016/j.
arth.2014.09.018

70. Wellings EP, Couch CG, Taunton M]J, Pagnano MW, Berry DJ, Abdel MP.
Contemporary porous Titanium acetabular components for total hip arthroplasty
after pelvic radiation. J Arthroplasty. (2021) 36(5):1714-8. doi: 10.1016/j.arth.2020.
12.045

frontiersin.org


https://doi.org/10.2106/JBJS.F.00535
https://doi.org/10.2106/JBJS.F.00535
https://doi.org/10.1007/s12178-015-9278-7
https://doi.org/10.1007/s12178-015-9278-7
https://doi.org/10.1007/s11999-012-2416-2
https://doi.org/10.1007/s11999-012-2416-2
https://doi.org/10.5435/JAAOS-D-23-01121
https://doi.org/10.1007/s00264-013-2117-9
https://doi.org/10.2106/00004623-199506000-00008
https://doi.org/10.1155/2019/7328526
https://doi.org/10.5435/JAAOS-20-08-487
https://doi.org/10.5435/JAAOS-20-08-487
https://doi.org/10.1177/1120700020911639
https://doi.org/10.1007/s11999-012-2293-8
https://doi.org/10.1007/s00264-012-1569-7
https://doi.org/10.1097/BOT.0000000000000662
https://doi.org/10.1097/BOT.0000000000000662
https://doi.org/10.1097/01.blo.0000150273.13949.62
https://doi.org/10.1016/j.artd.2022.05.012
https://doi.org/10.3389/fsurg.2021.751121
https://doi.org/10.1016/j.otsr.2020.102744
https://doi.org/10.1007/s00132-020-03966-w
https://doi.org/10.5301/hipint.5000457
https://doi.org/10.1016/j.arth.2014.09.018
https://doi.org/10.1016/j.arth.2014.09.018
https://doi.org/10.1016/j.arth.2020.12.045
https://doi.org/10.1016/j.arth.2020.12.045
https://doi.org/10.3389/fsurg.2025.1554603
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Pipkin type III fractures: a narrative review of literature and comparative opinion on ORIF vs. arthroplasty
	Introduction
	Injury mechanism of Pipkin type III
	Literatures reviews on Pipkin type III and comparative treatment managements
	Surgical methods on Pipkin type III

	Discussion
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


