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Abstract

Background: Progressive collapsing flatfoot deformity (PCFD) is a complex condition characterized by hindfoot valgus,
midfoot varus, and forefoot abduction, leading to functional impairment and pain. Surgical correction often includes lateral
column lengthening (LCL), which addresses structural deformity and restores alignment. Autografts remain the gold
standard as an osteotomy gap filler for LCL despite donor site morbidity. Allografts augmented with patient’s own bone
marrow aspirate concentrate (BMAC) offer a potential alternative because of their osteogenic properties. This study
compares the clinical and radiologic outcomes of autografts vs allografts with BMAC in LCL for PCFD.

Methods: This retrospective study reviewed 38 patients who underwent LCL for PCFD at a tertiary institution from 2012
to 2022. Patients were divided into 2 groups: the 25 who received autografts (group A), and the |3 who received allografts
(group B) mixed with BMAC. Clinical outcomes were assessed using visual analog scale (VAS), American Orthopaedic Foot
& Ankle Society (AOFAS) ankle-hindfoot scores, and 36-Item Short Form Health Survey (SF-36) scores at 6 and 24 months
postoperatively. Radiologic union was evaluated through serial weightbearing radiographs at regular interval post-surgery.
Results: Both groups A and B achieved radiologic union at an average of 5.64 = 1.80 and 5.15 £ 2.58 months, respectively.
There were no cases of delayed union or nonunion. Both groups demonstrated significant improvements in VAS, AOFAS,
and SF-36 scores at 6 and 24 months, with no statistically significant differences in outcomes. Group A had 2 cases of
peroneal tendinopathy, | case of peroneal tendon adhesion to the plate, | case of screw prominence, and | case of chronic
pain attributed to plantar nerve irritation. Group B had no reported complications.

Conclusion: This study suggests that allografts augmented with BMAC may be a viable alternative to autografts for LCL
in PCFD, offering comparable union rates and functional outcomes. However, as a retrospective cohort study with a small
sample size, further prospective research is needed to confirm these findings.

Level of Evidence: Level lll, retrospective cohort studies.

Keywords: progressive collapsing flatfoot deformity (PCFD), lateral column lengthening (LCL), autograft, allograft, bone
marrow aspirate concentrate (BMAC), patient-reported outcome scores (PROS), Evan’s osteotomy

Introduction deformity and restoring the mechanical alignment of the foot
in progressive collapsing flatfoot deformity (PCFD).”$142123
Lateral column lengthening (LCL) osteotomy is a well-estab- A cadaveric study, conducted by Baxter et al, involved per-

lished surgical intervention for addressing the structural  forming LCL on 12 cadaveric flatfoot models. Findings
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revealed that LCL corrected 60% of hindfoot valgus defor-
mity and completely resolved midfoot abduction.’

However, the choice of graft material for filling the
osteotomy gap remains a subject of debate. Autografts,
harvested from the iliac crest or calcaneus, are consid-
ered the gold standard because of their osteogenic poten-
tial but come with donor site morbidity.>® Allografts
provide a structural alternative without the need for a
secondary surgical site, although their integration can be
slower. Synthetic bone substitutes, such as hydroxyapa-
tite or tricalcium phosphate, offer osteoconductive prop-
erties but lack osteoinductivity. Bioactive glass and
composite grafts are also being explored for their bio-
compatibility. Precut metallic wedges too have been
advocated in LCL for PFCD.?* These glass and compos-
ite grafts and precut metallic wedges are not available at
our institution.

Taking a closer look, the choice of autografts presents
with donor-site morbidity, limited availability, and
extended operative time are notable drawbacks.!>!?
There have even been suggestions, in recent studies, of
using bone graft obtained locally in the calcaneus to
avoid donor-site morbidity.'*!%!? Allografts, on the other
hand, offer practical advantages such as abundant avail-
ability and elimination of donor-site complications, but
their use may be limited by theoretic poorer union rates
because of reduced osteogenic potential, risk of disease
transmission, and the risk of immune response.>?%!¢
Nonunion rates as high as 15% when using tricortical
iliac crest allografts have been reported.’

To address these limitations, the incorporation of bone
marrow aspirate concentrate (BMAC), derived from each
patient’s own bone marrow, has been explored as a strategy
to enhance osteogenesis and promote graft integration.
BMAC is rich in mesenchymal stem cells, growth factors,
and osteoprogenitor cells, offering a biologically active
adjunct that may improve the outcomes of bone grafts.!!
Although BMAC has been increasingly used in orthopaedic
surgery, its efficacy as an adjunct in the specific context of
LCL remains unexplored.

This study aims to compare the clinical and radiologic
outcomes of autografts vs allografts augmented with
BMAC as osteotomy gap fillers in LCL procedure to pro-
vide evidence-based guidance for the selection of graft
materials.

Methods

Patient Selection

This retrospective study of prospectively collected registry
data was approved by the Centralised Institutional Review
Board (approval number: CRIB 2019/2776) and carried out
per the ethical standards laid down in the 1964 Declaration of
Helsinki. Informed consent was also obtained from all partici-
pants. All consecutive patients with symptomatic PCFD who
underwent surgical intervention at our tertiary institution by
multiple, senior fellowship-trained orthopaedic surgeons
between July 2012 and October 2022 were considered.
Inclusion criteria encompassed all patients aged 21years or
older who underwent LCL in the management of PCFD.
Exclusion criteria included previous surgeries on the ipsilat-
eral foot, any neurologic causes of PCFD (eg, Charcot neuro-
arthropathy, cerebral palsy), use of autografts supplemented
with platelet-rich plasma, and patients lost to follow-up within
2 years. A total of 38 patients met the study criteria (Figure 1).

Patients were divided into 2 groups based on the type of
graft used. Twenty-five of the 38 feet used a tricortical auto-
graft harvested from the patient’s ipsilateral iliac crest,
whereas 13 feet had used allograft mixed with BMAC
(Zimmer, Warsaw, IN) (Figure 1). The donor site was
grafted with chronOS (Synthes, Solothurn, CH). All
allografts (AlloSource, Centennial, CO) were tricortical
blocks that were cut to fit the recipient site, which was noted
to be trapezoidal in shape. BMAC was harvested from the
ipsilateral upper tibial diaphysis before inflation of the tour-
niquet. The tricortical allografts were then soaked in
BMAC, till the BMAC was visually seen to completely
infiltrate the cancellous portion of the allograft.

Surgical technique

The patient was positioned in a floppy lateral decubitus posi-
tion with the operative foot superior. Through an extended
lateral approach, a subperiosteal flap was elevated to expose
the lateral calcaneus for medializing calcaneal osteotomy.
LCL was performed via an Evans osteotomy at the lateral
calcaneal process, 10 to 15 mm proximal to the calcaneocu-
boid joint. Distraction was achieved with a Weinraub distrac-
tor, and the gap was filled with a trapezoidal tricortical graft,
shaped to restore the medial arch. The graft was tamped flush
without fixation (Figure 2). Patients were repositioned supine
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Figure |. Patient selection.

as needed for additional medial foot procedures, which were
performed in 92.1% of cases (Table 1).

Postoperative Management

Patients from both groups were placed under similar postop-
erative management. Initially, patients are placed in a non-
weightbearing back slab postoperatively, which is soon
converted to a cast for 6-8 weeks to protect the osteotomy
site. Elevation was encouraged during the early postoperative
period to reduce swelling and pain. Regular radiographic

follow-up, as elaborated below, was crucial to assess bone
consolidation. Once healing is confirmed, patients are transi-
tioned to partial and then full weightbearing in a walking
boot, accompanied by physical therapy to restore range of
motion, strength, and gait.

Evaluation of Radiologic and Clinical Outcomes

Patient-reported outcome measures (PROMs) evaluated
include preoperative and postoperative assessments using the
visual analog scale (VAS) for pain for midfoot and hindfoot,
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Figure 2. Preoperative (A) and postoperative (B) lateral
weightbearing views of operated foot using allograft mixed with
bone marrow aspirate concentrate.

the American Orthopaedic Foot & Ankle Society (AOFAS)
scores for the midfoot and hindfoot, and the physical compo-
nent summary (PCS) and mental component summary
(MCS) of the 36-Item Short Form Health Survey. PROM
scores were measured by independent, trained physiothera-
pists involved in the pre- and postoperative evaluation of all
orthopaedic patients at our institution. Therapists differenti-
ated symptoms from midfoot and hindfoot accordingly.
These findings were recorded preoperatively and at 6 and
24 months postoperatively.

Bony union was evaluated using preoperative and postop-
erative weightbearing radiographs of the operated foot in 2
planes. Postoperative radiographs were typically obtained at
intervals of 2 weeks, 8 weeks, 4 months, 6 months, and 1 year.

Radiographic union was defined as the presence of osse-
ous bridging across both sides of the graft in the absence of
graft collapse or broken hardware.®!%?226 The radiographic
assessments were performed by the radiologist reporting on
the film and the operating surgeon. If there was no radio-
graphic union noted at 6-month follow-up, the patient
would be followed up at closer intervals of 1-2 months until
radiographic union was achieved.

Statistical Analysis

Statistical analysis was performed using SPSS statistical
software (version 25; SPSS Inc, Armonk, NY). Continuous
data with normal distribution were reported as mean and SD
and compared using the paired samples ¢ test and indepen-
dent samples ¢ test. To identify the univariate outliers, demo-
graphic variables and self-report measures were converted
into standardized z scores. None of the cases had a z score
greater than 3.29. The significance level was set at P <.05. ¢

tests were used for analysis of relationships between groups
with independent samples, while repeated measures ANOVA
was applied for analyzing within-group changes over time.

Results

Statistical analysis shows no significant differences in
demographics between the 2 groups in terms of gender,
operative side, age, and body mass index (Table 2). There
was no difference in number or types of concomitant proce-
dures performed between both groups either (Table 1).

The time to union was comparable between both groups
with group A and group B achieving radiologic union at
5.64 = 1.80 and 5.15 £ 2.58 months, respectively (P=.501)

At the 6-month follow-up, both group A and group B
demonstrated significant improvements in VAS, AOFAS
scores for midfoot and hindfoot, as well as MCS scores
(Table 3). Comparison between both groups were not statisti-
cally significant. By the 24-month assessment, both groups
demonstrated further improvements in VAS, AOFAS scores,
and PCS and MCS scores compared with preoperative scores,
with no discernible statistical variances between them.

Significant reductions in pain and improvements in
patient-reported functional outcomes for both groups was
seen at 6 and 24 months for both groups whereas intergroup
comparisons at these time intervals revealed no statistical
differences, showing comparable effectiveness of the inter-
ventions employed (Table 3).

Furthermore, the study compared the mean degree of
change in various variables of PROMs between group A and
group B between different time points (preoperative vs
6months and preoperative vs 24months). In terms of VAS
scores for the Midfoot, both groups showed a significant
increase in improvement of scores from preoperative to
6 months and 24 months, with group B having a higher degree
of change at both time points (P <<.001 for both comparisons).
Similar trends were observed for VAS scores for the hindfoot,
AOFAS-midfoot, AOFAS-hindfoot, PCS, MCS, Physical
Functioning (SFPF), Role Limitations due to Physical Health
(SFRF), Bodily Pain (SFBP), General Health Perceptions
(SFGH), Vitality (SFVI), Social Functioning (SFSF), Role
Limitations due to Emotional Problems (SFRE), and Mental
Health (SFMH), where both groups demonstrated significant
improvements over time, and group B consistently had a
higher degree of improvement at 6 and 24months. In sum-
mary, both groups experienced improvements in various clini-
cal outcomes from preoperative to 6 and 24 months, with group
B generally exhibiting higher degree of improvement in scores,
although these differences did not consistently reach statistical
significance across all measures (Table 4).

Complications

No cases of non-union were observed in either group. In
group A, there were no reported instances of donor site
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Table I. Type of Concomitant Procedures.
Number of Patients
Total, n (%) Autograft, n Allograft With BMAC, n

Type of Concomitant Procedures (N=38) (n=25) (n=13) P Value
Medializing calcaneal osteotomy 32 (84.2) 21 I 519
Tendo-Achilles lengthening 21 (55.2) 13 8 .806
Tendon transfers 15 (39.5) 8 7 778
Lapidus procedure 12 (31.6) 8 4 757
Gastrocnemius release 8 (21.1) 4 4 716
Modified McBride 5(13.2) 4 | 399
Medial talonavicular capsular plication 4 (10.5) 3 | .639
Cotton osteotomy 3(7.9) | 2 .569
Scarf osteotomy I (2.6) | 0 >.999

Abbreviation: BMAC, bone marrow aspirate concentrate.

Table 2. Comparison between Autograft and Allograft in
terms of Baseline Characteristics.

Group A Group B
(Autograft) (Allograft)
Variables (n=25) (n=13) P Value
Gender
Male, n (%) 13.0 (76.5) 4.00 (23.5) .307
Female, n (%) 12.0 (57.1) 9.00 (42.9)
Operative side
Right, n (%) 10.0 (62.5) 6.00 (37.5) 742
Left, n (%) 15.0 (68.2) 7.00 (31.8)
Age, y, mean = SD 354+ 17.1 45.0=15.1 .094
BMI, mean = SD 26.5+42 27.5*5.2 418

Abbreviation: BMI, body mass index.

wound complications or persistent pain over the review
period. However, complications related to LCL and associ-
ated implants included 2 cases of peroneal tendinopathy, 1
case of peroneal tendon adhesion to the plate (requiring
subsequent tenolysis), implant removal in 1 patient due to
screw prominence, and 1 case of chronic pain attributed to
plantar nerve irritation. In contrast, no complications were
reported in group B.

Discussion

The findings of this study indicate that both autografts and
allografts augmented with BMAC are effective as osteot-
omy gap fillers in LCL for PCFD. However, interpretation
should remain cautious given the study’s retrospective
design, small group size, and lack of randomization.
Radiologic union rates and PROMs demonstrated no sta-
tistically significant differences between the 2 groups.
Dolan et al® similarly found that union rates of allograft
and autograft (iliac crest bone graft) are equal in a study of
33 cases. Vosseller et al?® found the rate of nonunion and
loss of correction for LCL was not significantly different

between allograft and autograft in a study of 126 operated
feet. Grier and Walling'® even documented better healing
and complication rates with the use of allograft with plate-
let-rich plasma vs autograft for LCL, while allowing for
similar correction of deformity. In a retrospective study of
50 patients, Miiller et al'” found the ratio of patients with
loss of hindfoot alignment and graft incorporation was not
significantly different between the allograft and autograft
group.

Results of our study showing comparable time to union
in both groups suggest that allografts augmented with
BMAC can serve as a viable alternative to autografts,
addressing some of the challenges associated with autograft
use, such as donor-site morbidity and limited availability.
Despite the theoretical advantages of autografts, including
their inherent osteogenic, osteoconductive, and osteoinduc-
tive properties, the addition of BMAC to allografts may
possibly bridge the gap in biological activity as an effective
osteogenic adjunct. This observation aligns with prior
research that has shown improved graft incorporation and
union rates with BMAC augmentation.” The ability of
BMAC to enhance the osteogenic potential of allografts
may provide an effective strategy for mitigating concerns
regarding reduced osteogenic capacity and immune
response associated with allograft use.

Both groups demonstrated significant improvements in
pain, functional scores, and quality of life as measured by
VAS, AOFAS, and 36-Item Short Form Health Survey
scores over a 24-month follow-up period. The absence of
statistically significant differences between groups high-
lights the comparable efficacy of autografts and allografts
with BMAC in achieving clinical improvements. Notably,
both groups experienced substantial pain reduction and
functional restoration within 6 months postoperatively, with
further enhancements observed at 24 months. This progres-
sive recovery trajectory highlights the effectiveness of LCL,
together with other components of the surgery, in address-
ing the structural and symptomatic aspects of PCFD.
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Table 3. Comparison of PROM Scores Across Group A and B Preoperatively and at 6- and 24-Month Follow-up.?

Group A Group B P Value

VAS midfoot
Preoperatively 3.52+3.12 5.00 £2.94 220
6 mo 128 £2.24 .46 £2.01 .843
24 mo 0.24+0.55 0.48 = 1.37 .807
P value (preop. vs 6 mo) .003 .003
P value (preop. vs 24 mo) <.001 <.001

VAS hindfoot
Preoperatively 5.06 =2.46 6.27+3.18 285
6 mo 2.25+2.90 2.63+20I 738
24 mo 1.08 £ 1.95 1.36 = 1.84 753
P value (preop. vs 6 mo) <.001 .006
P value (preop. vs 24 mo) <.001 <.001

AOFAS-midfoot
Preoperatively 548+ 18.7 448+ 183 214
6 mo 77.1 =204 68.0*+ 155 .198
24 mo 90.9+10.5 88.6*+16.5 739
P value (preop. vs 6 mo) <.001 .002
P value (preop. vs 24 mo) <.001 <.001

AOFAS-Hindfoot
Preoperatively 548+ 18.7 43.0+£227 .105
6 mo 747*+214 659+ 16.9 239
24 mo 87.6+12.9 825+ 157 .326
P value (preop. vs 6 mo) <.001 012
P value (preop. vs 24mo) <.001 <.001

PCS
Preoperatively 41.2+9.12 34.5+6.40 .029
6 mo 39.6104 36.8+7.53 .387
24 mo 48.1 £8.29 46.2+7.92 .586
P value (preop. vs 6 mo) .568 334
P value (preop. vs 24mo) .001 .002

MCS
Preoperatively 542+ 11.6 46.1 £13.0 .048
6 mo 584+ 123 55.1+7.86 412
24 mo 56.8+7.88 56.3*7.11 .886
P value (preop. vs 6 mo) .156 013
P value (preop. vs 24mo) .356 .021

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society; MCS, mental component summary; PCS, physical component summary; PROM,

patient-reported outcome measure; VAS, visual analog scale.
Boldface indicates significance (P < .05).

The significantly higher preoperative PCS scores
observed in group A (autograft group) compared to group B
(allograft group), with a mean of 41.18*9.12 wvs
34.45*+6.40 (P=.023), suggest better baseline physical
well-being among patients in the autograft cohort. This dis-
parity could stem from selection bias, as patients with better
preoperative functional status may have been deemed more
suitable candidates for autograft procedures, which typi-
cally involve longer operative times and the potential for
donor site morbidity. Alternatively, the lower PCS scores in
group B may reflect a greater severity of deformity or
higher prevalence of comorbidities necessitating the use of

allografts, which are often chosen for more complex cases
or when autograft harvesting is contraindicated. These
baseline differences could have influenced the postopera-
tive recovery trajectory and functional outcomes. Although
both groups demonstrated comparable improvements in
VAS, AOFAS, and radiographic union rates, the lower pre-
operative physical health in group B highlights the impor-
tance of individualized patient selection and preoperative
optimization to achieve optimal surgical outcomes.

The complication profile differed between the 2
groups, with no complications reported in the allograft
group. In contrast, the autograft group experienced a
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Table 4. Comparison of the Degree of Change in PROM
Scores.

Group A Group B P value

VAS midfoot

Preop. vs 6mo 240 = 0.67 3.54+0.94 <.001

Preop. vs 24mo 3.28+0.62 4.52+0.99 <.001

P value <.001 .0lé -
VAS hindfoot

Preop. vs 6mo 2.18 +£0.67 3.64 111 <.001

Preop. vs 24mo 3.98 +0.52 490 +0.97 <.001

P value <.001 .005 -
AOFAS midfoot

Preop. vs 6mo 22.16 =5.33 22.70+6.92 <.790

Preop. vs 24mo 36.04 =4.00 43.30+771 <.001

P value <.001 <.001 -
AOFAS hindfoot

Preop. vs 6mo 19.95+4.72 2230751 244

Preop. vs 24mo 32.80+3.84 38.87 +7.07 .002

P value <.001 <.001 -
PCS

Preop. vs 6mo 1.62+2.80 236+292 A51

Preop. vs 24mo 6.93+1.92 11.77 £3.06 <.001

P value <.001 <.001 -
MCS

Preop. vs 6mo 411279 8.92 +3.05 <.001

Preop. vs 24mo 2.60£2.77 10.16 = 3.81 <.001

P value .060 369 -

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society;
MCS, mental component summary; PCS, physical component summary;
PROM, patient-reported outcome measure; VAS, visual analog scale.

range of complications, including peroneal tendinopathy,
tendon adhesion, implant prominence, and nerve irrita-
tion. Reduced cases of tendinopathy, scarring, and nerve
irritation in group B could be attributed to augmentation
with BMAC, which is recognized for its antiinflamma-
tory and immunomodulatory properties, thereby facilitat-
ing improved biological healing.!*?” Of note, there were
no cases of donor site morbidity over the review period in
group A, as this may be due to the donor site being grafted
with chronOS, which is a beta-tricalcium phosphate filler.
Dolan et al® reported that 2 of 18 patients had donor site
chronic pain and Silber et al?® who highlighted a consid-
erable long-term impact on daily activities, with chronic
pain affecting up to 26% of patients and more than 12%
experiencing limitations in ambulation and recreational
activities. Graft resorption was not observed in group B
as has been reported by Boden et al.*

There are several limitations in this study. First, its retro-
spective nature introduces potential biases related to data
collection and analysis. These data were collected prospec-
tively by our institution’s data collection center and ana-
lyzed retrospectively. Although the use of prospectively
maintained registries mitigates this risk to some extent, a

randomized controlled trial would provide a more robust
evidence base. Second, the relatively small sample size,
particularly in the allograft group, limits the statistical
power and generalizability of the findings. Third, the study’s
follow-up period, although sufficient to assess union rates
and early functional outcomes, may not capture long-term
complications like recurrence of deformity. Finally, the
radiographic assessments, although performed indepen-
dently, relied on subjective interpretations, which may
introduce variability. Additionally, concomitant procedures
performed alongside LCL were not controlled between
groups, which may confound functional outcome compari-
sons despite similar distributions. Future studies should iso-
late LCL-specific outcomes more precisely. Moreover,
standardized imaging protocols and objective measures of
osteotomy healing would enhance the reliability of radio-
graphic assessments in future studies.

Overall, the findings of this study have important impli-
cations for clinical practice. The comparable outcomes
between autografts and allografts augmented with BMAC
offer surgeons greater flexibility in graft selection, allowing
for individualized treatment based on patient-specific fac-
tors. The absence of donor-site morbidity observed in the
autograft group was an unexpected finding and may be
attributable to the use of chronOS grafting material at the
harvest site. However, the role of synthetic fillers in reduc-
ing donor site pain remains uncertain. Although the poten-
tial benefits of allograft use, including avoidance of a
secondary surgical site, are well recognized, further pro-
spective studies are needed to confirm these observations
and fully assess their clinical impact.

Conclusion

This study demonstrates that allografts augmented with
BMAC may be a viable alternative to autografts in LCL for
PCFD, achieving comparable union rates, similar clinical
improvements, and safety profiles. However, further
research with larger, prospective cohorts and long-term fol-
low-up is needed to validate these results and refine graft
selection strategies in reconstructive foot and ankle surgery.
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