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Abstract: Background: Femoral head fractures with osteochondral defects are rare injuries often
resulting from traumatic hip dislocations. These injuries create a significant risk for post-traumatic
osteoarthritis. Various surgical methods for repair have been utilized to restore these osteochondral
defects, including mosaicplasty, autologous cartilage implantation, osteochondral allograft transplant
(OAT), and demineralized bone matrix (DBM). Methods: We present a case of a 21-year-old male
who sustained a fracture-dislocation of the left femoral head with impaction of the weight-bearing
surface due to a motor vehicle collision. Due to the patient’s relatively young age, OAT plugs from a
fresh-frozen proximal humerus with DBM supplementation during fracture fragment fixation were
chosen to reduce the likelihood of post-traumatic arthritis. Results: The patient regained subjective
function and full strength on exam with no pain at 2 years postoperatively. Conclusions: We propose
that a proximal humerus allograft is a suitable alternative in an urgent setting when a femoral head
allograft is not available.

Keywords: osteochondral allograft; post-traumatic arthritis prevention; osteochondral defect
repair; hip

1. Introduction

Femoral head fractures are rare injuries resulting from axial force transmitted through
the femur into the acetabulum. Reports have shown that the association of femoral head
fractures with hip dislocations ranges from 4 to 17% [1]. Osteochondral defects of the
femoral head arise from a similar mechanism, often with traumatic hip dislocations, caus-
ing shearing, rather than direct impaction, of the articular surface [2]. The resulting
osteochondral defects can lead to a high risk of post-traumatic osteoarthritis with a preva-
lence of approximately 20% [3]. Surgical methods utilizing biologic augmentation are of
interest to delay hip arthroplasty for post-traumatic osteoarthritis [4]. Two retrospective
review studies suggest femoral head mosaicplasty is effective at improving global range
of motion [5] and Harris Hip Score [6] following osteochondral defects less than 5 cm?. A
retrospective study determined that an autograft shell transplant is effective in treating
traumatic cartilage impaction [7]. Osteochondral allograft transplant (OAT) plugs can
be sized to match articular defects larger than what is repairable with mosaicplasty or
autologous transplantation. A recent systematic review concluded that OAT is appropriate
for femoral head osteochondral defects of 2-6 cm? and chondral defects of 6-8 cm? [2,8].
Demineralized bone matrix (DBM) is another option to provide an osteoconductive scaffold
molded around OAT plugs to support residual subchondral bone defects. Particularly, a
difference in the radius of curvature of the graft and the native femoral head can arise
when a femoral head allograft is not available acutely or the defect is greater than 8 cm?.

Surg. Tech. Dev. 2024, 13, 402-408. https://doi.org/10.3390/std 13040032

https:/ /www.mdpi.com/journal/std


https://doi.org/10.3390/std13040032
https://doi.org/10.3390/std13040032
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/std
https://www.mdpi.com
https://orcid.org/0000-0001-5704-0335
https://orcid.org/0000-0002-6622-060X
https://orcid.org/0000-0003-4731-1917
https://doi.org/10.3390/std13040032
https://www.mdpi.com/journal/std
https://www.mdpi.com/article/10.3390/std13040032?type=check_update&version=1

Surg. Tech. Dev. 2024, 13

403

Therefore, the combination of fresh-frozen proximal humerus allograft OAT plugs and
DBM is well suited for treatment of large femoral head osteochondral defects in the trauma
setting. However, there are only two reported applications of OAT for large traumatic
osteochondral defects in the literature [9,10]. Additionally, a previous systematic review
study indicated that there was insufficient evidence to support the use of DBM for fracture
fixation in the extremities [11]. We report a case of an osteochondral defect after a traumatic
fracture-dislocation of the femoral head repaired with OAT plugs from a proximal humerus
allograft and DBM supplementation. The combination of biologic augments reported herein
may benefit future treatment of large osteochondral defects in the trauma setting by sup-
porting available non-homologous allograft usage at primary fixation, therefore decreasing
the likelihood of post-traumatic arthritis with delayed hip preservation treatment.

2. Case Report

A 21-year-old male presented following a motorcycle collision with the chief complaint
of left hip pain. The patient had a BMI of 36.7 and no previous history of smoking. He
denied previous orthopedic injuries or surgeries. Imaging demonstrated a posterior-inferior
dislocation with lateral impaction of the left femoral head weight-bearing surface into the
acetabulum (Figure 1A). The left hip was closed reduced, and a distal femoral traction
pin was placed (Figure 1B). On his initial examination, the patient was neurovascularly
intact with no other orthopedic injuries. An anteroposterior (AP) radiograph demonstrated
a reduced left femoral head with a mildly displaced fracture of the lateral aspect of the
left femoral head and a concomitant posterior acetabular wall fracture (Figure 1B). The
injury was confirmed with a CT scan. The location of the femoral head osteochondral
defect was in the weight-bearing region circumferential to and above the fovea, suggesting
a high likelihood for post-traumatic osteoarthritis if left untreated. Surgical intervention of
the femoral head was indicated to reduce the likelihood of post-traumatic osteoarthritis.
The patient was not a candidate for arthroplasty given his age and presumed improved
outcomes with hip preservation treatment.

Figure 1. (A) Anterior-to-posterior radiograph of the pelvis demonstrating left posterior hip disloca-
tion with impaction of the femoral head into the posterior wall. (B) Anterior-to-posterior radiograph
of the pelvis post-reduction film demonstrating the suspected left femoral head and/or a posterior
wall of the acetabulum fracture.

The patient was taken to the operating room for open reduction internal fixation (ORIF)
of the left femoral head. They were positioned in the right lateral recumbent position
for a posterolateral (Gibson) approach to the hip for digastric osteotomy and surgical
dislocation. Following dissection through the soft tissue, a digastric trochanteric osteotomy
was performed to preserve the short external rotators, piriformis, and vasculature of the
femoral neck. A capsulotomy was performed, and upon dislocation of the left hip, a
5 x 4 cm impacted lesion of the femoral head was identified. There was a small piece of
the weightbearing surface still intact, but the majority was traumatized, impacted, and
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unidentifiable (Figure 2A). The inferior portion of the weight-bearing surface was repaired
with two 2.5 mm headless compression screws sunk underneath the articular surface
(Figure 2B). Titanium screws were selected for increased fragment compression into the
defect and more rigid fixation in comparison to bioabsorbable screws, as the fragment
was located directly within the weight-bearing zone. The remaining defect was debrided
to provide an appropriate surface for OAT. Two fresh-frozen proximal humerus allograft
plugs (22 x 8 mm, 15 x 9 mm) were prepared with the Arthrex Osteochondral Autograft
Transfer System (OATS; Athrex, Naples, FL, USA) (Figure 2C) following the measuring of
the residual defect. Kirschner wires were placed and reamed over to deepen the recipient
site for plug placement. The larger 22 mm plug was placed centrally into the weight—
bearing dome, and a 15 mm plug was placed laterally on the femoral head (Figure 2D). The
proximal humerus OAT plugs increased the weight-bearing zone neighboring the residual
fragment but were not oversized to create a large deviation in the curvature of the articular
surface. Therefore, Allosync Demineralized Bone Matrix (Arthrex, Naples, FL, USA) was
introduced into the transplantation site to provide an osteoconductive matrix in unfilled
areas surrounding the OAT plugs. The hip was reduced, and the capsule was repaired.
The trochanteric osteotomy was repaired with two 4.5 mm cortical screws. Final imaging
was obtained (Figure 3A). The patient was discharged to an inpatient rehabilitation facility
for skilled nursing care and physical therapy. The patient remained non-weight-bearing
for 8 weeks with early range of motion and presented for follow-up visitation at 2, 8, and
16 weeks postoperatively.

Figure 2. Intraoperative images of the large osteochondral defect and the definitive osteochondral
allograft transplant. (A) The 5 x 4 cm impacted osteochondral lesion of the femoral head with a small
surface of the weightbearing surface intact superior to the fovea. (B) Reduction and fixation of the
inferior portion of the weight-bearing surface with two 2.5 mm headless compression screws. (C) Sur-
face area demonstration of the proximal humerus osteochondral allograft (OAT) plug. (D) Placement
of the 22 x 8 and 15 x 9 mm OAT plugs.
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Figure 3. (A) Anterior-to-posterior radiograph of the left hip after open reduction internal fixation
of the left femoral head osteochondral lesion. (B) Anterior-to-posterior radiograph of the left hip
at 2 weeks following open reduction internal fixation of the left femoral head osteochondral lesion.
(C) Anterior-to-posterior radiograph of the left hip at 8 weeks following open reduction internal
fixation of the left femoral head osteochondral lesion. (D) Anterior-to-posterior radiograph of the left
hip at 2 years following open reduction internal fixation of the left femoral head osteochondral lesion.

The patient presented for the first follow-up visitation 2 weeks postoperatively. The
patient stated the pain was ongoing but felt that the joint was stable. Strength was a
4/5 on the examination on hip flexion, knee flexion, and knee extension. Radiographs
demonstrated no change in the alignment of the trochanteric osteotomy site or failure of
the graft (Figure 3B). At 8 weeks postoperatively, the patient again admitted to continuous
pain but that the hip joint still felt stable. His strength was 4/5 again at that time. He
began weight-bearing as tolerated and began working with physical therapy. At 4 months
postoperatively, the patient was weight-bearing as tolerated without difficulty. The patient
had a slight limp and had returned to work. His occupation was unknown. Radiographs
demonstrated evidence of a well-maintained femoral joint space with slight flattening of
the femoral head (Figure 3C). The trochanteric osteotomy appeared united (Figure 3B).
At subsequent visits, the patient continued to improve. The patient was doing well and
ambulating without difficulty at the 2-year postoperative mark. His flexion of the hip was
130 degrees. He had mild discomfort at the terminal end of internal rotation, which was
nearly equal to the contralateral side. He also had a weakly positive Trendelenburg sign
that he stated continued to improve. His leg lengths were equal, and he had full range of
motion of his ipsilateral knee and ankle joints. He continues to ambulate without assistive
devices, but stated he occasionally needs to use a cane. Radiographs at 2 years of follow-up
demonstrated cystic changes within the anterolateral femoral head but the absence of
subchondral sclerosis or crescent fragmentation. The anterolateral weight-bearing surface
is less convex than the neighboring regions (Figure 3D).
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3. Discussion

OAT surgeries of the femoral head are rare procedures and often occur in the setting
of chronic, smaller articular defects, such as osteochondritis dissecans [12-14]. OAT proce-
dures of the hip are not frequently used to treat traumatic large defects due to the low injury
incidence, difficulty obtaining an adequate allograft, and lack of OAT technique experience
with most trauma orthopedic surgeons [9,15]. However, proper treatment of osteochondral
defects of the femoral head can lead to debilitating arthritis for younger patients, leading
to the high incidence of patients receiving total hip arthroplasty [4]. Case series have
suggested post-operative improvement in Harris Hip Scores from 57.7 to 83.9 with 87.5%
avoiding total hip arthroplasty (THA) at 42 months [12,16]. Although long-term data are
lacking, risk factors for unsuccessful outcomes include smoking, development of avascular
necrosis, acetabular involvement, and subsequent surgery [15]. The reported patient had
a posterior wall fracture but no chronic medical history or smoking history that would
predispose him to a poor outcome. The case herein demonstrates the combination of
fresh-frozen proximal humerus OAT and DBM can treat femoral head defects 8-20 cm?.

Several methods for repairing large femoral head defects have been proposed, yet there
is currently no consensus on appropriate management in young patients [3,4,8]. Previous
authors have reported OAT as a secondary treatment for patients less than 55 years old after
the failure of other surgical options [15]. Of 10 total patients with >2 cm? defects, only one
of seven non-smoking patients required conversion to THA at 1.4 years of follow-up [15].
OAT procedures have been explored as possible viable options in restoring the surface of
the femoral head in fractures for lesions less than 8 cm? with THA as a salvage option for
larger defects [8]. The size of our patient’s subchondral defect measured 20 cm?; however,
young age precluded THA as a reasonable treatment option. Furthermore, prior technique
papers suggest removing unstable cartilage prior to OAT plug sizing and dilation of the
defect to allow adequate OAT plug coverage [17]. A conservative approach was taken with
repair of the osteochondral remnant and minimal cartilage resection in preparation for the
OAT plug. The aim was to avoid more cartilage loss than the existing 20 cm? lesion. The
22 mm X 8 mm and 15 mm x 9 mm plugs were adequate to recreate a weight-bearing
cartilage surface and meet the depth of the native bleeding subchondral bone. We propose
that retaining the residual cartilage surface is a greater priority in larger osteochondral
defects of the femoral head greater than 8 cm?.

Additionally, a fresh-frozen proximal humerus allograft was used as a fresh-stored
femoral head allograft was not available in the acute trauma setting. A fresh-frozen and
fresh proximal humerus allograft is often used to create OAT plugs for the reconstruction
of large Hill-Sachs lesions due to shoulder instability [18]. The greater fraction of retained
chondrocytes and growth factors in a fresh-stored allograft is suggested to have better ex
vivo cartilage regenerative and osteoinductive properties than a fresh-frozen allograft but
weakly correlates in clinical studies [13,15]. Similar to the case reported herein, a femoral
head allograft is reported to have similar outcomes to a proximal humerus allograft when
utilized for humeral head reconstruction, whether fresh or fresh-frozen [18]. However,
complete restoration of the defect when using a nonhomologous osteochondral allograft
is also not possible as the radius of curvature mismatch between the femoral head and
humeral head is not modifiable. Therefore, a strategy for augmenting the subchondral
surface was necessary to provide an osteoconductive matrix necessary for restoration of
the articular surface.

A study by Viamont-Guerra et al. demonstrated promising results with mosaicplasty
for femoral head osteochondral lesions in 22 patients [6]. This study used an ipsilateral
femoral head autograft from the non-weight-bearing portion for lesions < 2 cm? [6]. They
reported that improvements in WOMAC scores were significantly associated with lesion
size (p = 0.002) and increased with follow-up (p = 0.004) [6]. Only two patients (8.4%) were
taken back for arthroscopy to remove a residual cam-type deformity [6].

Chen et al. described using DBM during OAT procedures to ensure adequate filling
of the recipient site while providing an osteoconductive and osteoinductive medium [14].
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Therefore, it was proposed that osteoconductive DBM supplementation would interdigitate
between the OAT plugs and the repaired osteochondral defect to allow osteoblast migration
that cannot occur without a biologically suitable scaffold. The continuity of the subchondral
bone on follow-up radiographs suggests that fibrous union was achieved between the OAT
plugs and repaired osteochondral defect in the area filled with DBM, reconstructing the
weight-bearing surface.

Khanna et al. implanted fresh-frozen osteochondral allografts into femoral head
lesions in 17 patients in a prospective study [16]. They found the mean hip Harris score
was significantly better following surgery (p < 0.01) [16]. One patient required a repeat
allograft procedure, one underwent a hip replacement procedure, and two are awaiting hip
replacement procedures [16]. Their results suggested that a fresh-frozen allograft is another
viable option for femoral head cartilage defects in younger patients [16].

The limitations of this paper include the lack of long-term follow-up and the use of a
single case for this study. Currently, the patient is just over 2 years out from his procedure.
The absence of objective outcome measures limits the generalizability of the results of our
study, yet the patient’s subjective outcome suggests DBM was effective in preventing resid-
ual subchondral defects that could increase the patient’s risk for post-traumatic arthritis. A
future longitudinal series would expand upon the case by incorporating patient measures
for objective validation that operative treatment improved outcomes.

4. Conclusions

We presented a case of a 21-year-old male with a post-traumatic osteochondral de-
fect of the femoral head who was treated with OAT and supplemented with DBM after
minimal debridement of the residual defect. On follow-up radiographs, the osteochondral
allograft showed evidence of incorporation into the host tissue without any signs of de-
fect or deficits in ambulation and range of motion at 2 years. We demonstrate that OAT
supplemented with DBM for a 20 cm? traumatic femoral head defect can restore subjective
function without pain or limitations associated with clinical post-traumatic arthritis. Fu-
ture studies evaluating long-term patient-reported measures with a larger patient sample
treated with OAT and DBM versus osteochondral fragment repair alone are necessary to
study outcomes.
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