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ARTICLE INFO ABSTRACT

The Z-scarf osteotomy is used for hallux valgus deformity correction by foot and ankle surgeons worldwide,
Keywrords: Inverting the Z-scarf osteotomy configuration strengthens the construct in both sawbone and cadaver models,
bunionectomy but clinical results of this configuration have not been reported in the literature, This retrospective study o
foot evaluates the subjective and intermediate-term postoperative radiographic results of 73 inverted Z-scarf ,
;':E;ﬁfsa} osteotomy procedures for haflux valgus correction in 55 patients from January 1984 to December 2003, The
toe modified University of Maryiand 100-Peint Painful Foot Center Scoring System demonstrated 52 patients (95%)
with good to excellent results at a mean follow-up of 5 years {range 2-1i years). Radiograph measurements
revealed the following: first-second intermetatarsal angle mean, 6.1° {range 2--14°), average reduction 4.6°;
hallux abductus angle mean, 11.0° {range —8-30°}, average reduction 10.1°; tibial sesamoid position mean, 2.3;
first metatarsal protrusion distance mean, -2.1 mm. Two patients (2 of 73 feet) developed major complica-
tions: one progressed to clinically acceptable hallux varus; another sustained compromise of one fixation i
screw with minor displacement at the distal osteotamny that healed in satisfactory position after non-weight- i i
bearing immobilization, There were no cases of osteonecrosis, delayed union, or noenunion, The inverted
Z-scarf osteotomy, with advantages in both mechanical strength and technique of execution over the tradi- l
tional configuration, demonstrates high patient satisfaction, restoration of normal radiographic parameters, E

and a low complication rate in this study. :
@ 2011 by the American College of Foot and Ankle Surgeons. All rights reserved. .

Level of Clinlcal Evidence: 2

Barouk {6, 7) contributed to the giobal recognition and development
of the transverse Z-scarf osteotomy. Its inherent stability and versa-
tility have made the osteotomy popular among foot and ankle I
surgeons worldwide, particularly in Europe, ]

The traditional Z-scarf osteotomy has undergone a number of
modifications since its introduction (3, 4, 8-15). Perhaps its most
substantial revision was the iniroduction of the inverted Z-scarf
osteptomy design in 1992 by Chang et al {12), who reversed the
configuration of the proximal and distal arms, A consistent failure
pattern was demonstrated near the proximal arm of the traditional
Z-scarf osteotomy, requiring significantly less force to failure compared
with the inverted construct in a sawbone mode]j (12). Their findings
were corroborated by Miller et al (13) in both sawbone models and .
matched pair cadaver specimens, demonstrating the inverted Z-scarf |
osteotorny to be 1.6 times inherently more stabie to simulated weight- :
bearing forces compared with the traditional construct,

Numerous surgical approaches for the correction of haliux valgus
deformity have been devised, with at least 130 different precedures
described to date (1). Scarf is a carpentry term that represents an
interlocking Z cut. Meyer (2) first described the Z-scarf osteatomy for
hallux valgus correction with the Z cut oriented in the sagittal plane,
In 1983, CJ. Gudas, DPM and K.H. Zygmunt, DPM (oral communica-
tion, January 1992) modified the Z osteotomy for correction of
metatarsus primus varus with bunion deformity by orienting it in the
transverse plane: 2 shorter arms—distal dorsal exit and proximal
plantar exit—are angled 60 to 80° to the longitudinal central osteot-
omy. This configuration was further modified, moving the longitu-
dinal ostectomy to the plantar one-third of the metatarsal shaft to
reduce fracture risk via a smaller proximal arm, and widely used at
the University of Chicago in 1100 reported cases {3). Weil (4, 5} and
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A number of studies have evaluated clinical and radiographic

results of the traditional Z-scarf osteotomy and some of its modifi-
“cations (3, 4, 9, 15-31); however, clinical results of the inverted

construct have not been reported in the literature, The purpose of this
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retrospective descriptive study was to evaluate clinical outcomes of
the inverted Z-scarf osteotomy based on patient satisfaction scores
and radiograph analysis. The authors were particularly interested in
complications resulting from the osteotomy construct and patient
perception of the outcome.,

Patients and Methods

At the time of this investigation, there was no Institutional Review Board at the
authors' medical group. Sixty-one nonconsecutive patents underwent 81 inverted
Z-scarf osteotomies for the correction of hallux valgus deformity from January 1994 to
December 2003 by the senior author {1 M.M.). Forty-one patients underwent surgery on
one foot, whereas 20 patients had bilateral surgery (performed on different dates). No
patients had previous surgery or underwent concomltant first metatarsal surgery
during the index procedure. No patients had been diagnosed with diabetes mebitus,
rheumatoid artheitis, pesipheral vascular disease, or other systemic conditions. All
patients failed conservative treatment that included at least a 6-month tral of shoe
modifications, strapping or padding, and/or orthotics. Indications for surgery included
a painful bunicn defermity, first-second intermetatarsal angle of 15° or larger, absence
of first metatarsal-cuneiform joint instability or hypermobility, minimal to no first
metatarsophalangeal joint disease (defined as pain-free motion and minimal to no
structural adaptatien), and sufficient metatarsal width (defined as 20 mm or larger
based on transverse linear intercondylar measurement of the first metatarsal head),
Additiontal indications included adequate bone density as visually assessed on precp-
erative radiographs and a patient’s desire to be weight bearing as soon as possible after
the operation. Contraindications included osteopenic bone, a first-second inter-
metatarsal angle less than 15°, and a metatarsal width less than 20 mm based on the
aforementioned measurement technique.

The operative technigque has been described by Chang et al (12, 32)and modified by
Mitler et al (13). The original inverted Z-scarf construct involved a longitudinal
osteotomy through the mid-portion of the first metatarsal shaft, followed by a con-
necting distal plantar ostectomy arm angled 60 to 80° in the metatarsal head (similar to
the plantar arm of a chevron ostectomy) and proximal dorsal osteotomy alse angled
approximately 60 {0 80° to the longitudinal shaft osteotomy, The modification by the
senior author (J.M.M.) increases the angle of the proximal dorsal osteotomy to 120°
(Figure 1). This alteration does not compromise the stability of the construct, reduces
proximal segment binding that may occur during rotation of the capital fragment, and
provides more dorsal surface area for screw placement (13).

In this series, the deformity was approached with a dorsal linear skin incision and
capsulotomy. A lateral soft tissue release of the first metatarsophalangeal jolnt was
performed and the medial-eminence was removed. The inverted Z osteotomy was
performed as described above. The dorsal metatarsal fragment was laterally trans-
located to the desired position for optimal reduction of the intermetatarsal angle znd its
distal aspect rotated medially to improve alignment of the metatarsal head cartilage if
its malorientation was significant. The correction was maintained with a bone tenac-
tlum and two 0.062-Inch Kirschner wires placed perpendicular to the horizontal
osteotomy, The proximal wire was placed first to allow the capital fragment te pivot for
further rotational correction as desired. Each wire was then sequentially replaced with
# 3.5-mm screw in standard Arbeitsgemeinschaft fuer Osteosynthesefragen-Associa-
tion for the Study of Internal Fixaton [AOJASIF) technique, taking care not to
carmnpromise either point of fixation. Care was taken to ensure the hallux proximal
phatanx was aligned on the first metatarsai head. If residual abductus of the hallux was
noted following these steps, a hallux proximal phalanx ciosing basal wedge osteotomy
was performed to attain the desired alignment and fixed with a wire-loop through

Fig. 1, The Inverted Z osteotomy performed in this series, a modification of the traditional
Z-scarf osteotomy,

adjacent drill holes. A medial capsu!un-aphy concluded the procedure and the soft
tissue was closed in layers.

The postoperative protocol included weight bearing as tolesated in a surgical shoe
with a fiest ray cut-out for the frst 6 weeks and transition fo weight bearing in tennis
shoes during weeks 7 to 11, Full seturn to activity was permitted by week 10 to 12, after
which time no further follow-up was required. If serial radiographs or clinical exami-
nation indicated signs not consistent with normal bone healing, return to full weight
bearing was slowed on a case-hy-case basis. Fach patient was instructed on self-
admiaistered active first metatarsophangeal joint range-of-motion exercises, which
viere instigated on postoperative week 1 and continued until week 12.

Outcome analysis was based on patient questionnaire, radiographic measurements,
and medical chart review. Subjective resuits were evaiuated via a mailed survey on
average 5 years after surgery (Fange 2-11 years) by one author who was not involved in
patient care {V.N,E). Patient satisfaction was measured by the University of Maryland
100-Point Painful Foot Center Scoring System {33) as modified by Schoen et af (17)
(Table 1). The system was not changed with respect to scoring categories, patient
answer selection, or point allocation. However, it was adapted to focus on resuits
spedific to hallux valgus correction while obviating effects of concomitant limb or pedat
symptoms (17). A score of 90 to 100 correlates with an excellent resuit, 75 to 90 a good
result, 6 to 75 a fair result, and less than 60 a poor result, Table 1 depicts the modified
scoring system that was sent to each patient and its questions pertaining to various
categories of pain, function, and cosimesis, Because the operative foot was not specified
in the questionnaire, answers were presumed to represent combined results for those
patients who underwent bilateral procedures,

Radiographs were evaluated with measurements from standard anteroposterior
and lateral foot views in relaxed angle and base of stance, All measurements were
manually perforrned once and recorded from hard film images by one author {V.N.F.)on
radiographs obtained on average 14 weeks after surgery (range 12-16 weeks).
Measugements Included frst-second intermetatarsal angle, hallux abductus angle,
tibial sesamoid pesition, and metatarsal protrusion distance (length of first metatarsal
in reference to second metatarsal, with shorter comparative length reported 2s nega-
tive number) accerding to standard technique. All radicgraphs were talen by 2 nurses
in the senior author's {{M.M.) practice with standard procedures for radiographic film
development.

One author {V.N.E) reviewed medical records and correlated them with radio-
graphs to determine postaperative complications. Major complications were defined as
follows: first metatarsal fracture (intra- or postoperative); the development of haliux
varus deformity {defined by the hallux proximal phalanx longitudinal bisection
adducting past that of the first metatarsal); loss of deformity correction (defined by
a postoperative radiographic increase of 5° for the halfux abductus angle or 3¢ for the
first-second intermetatarsal angle); first ray elevation or depression compared with
preoperative films (defined as greater than a 2 mm difference between the dorsal
cortices of the first and second metatarsal mid-shaft on the [ateral welght-bearing
radiograph); osteonecrosis; delayed union, malunion, or nonunion; deep infection;
and pessistent neuralgia or the development of complex regional pain syndrome. Minor
complications were defined as superficial infection and minor wound dehiscence.
Patient varfables such as age, body mass index, tobacce use, and activity level were not
evaluated.

Results

The study population was composed of 55 women and 6 men.
Fifty-five of 61 patients repiied to the questionnaire, a response rate of
90%. Patient satisfaction was rated good to excellent by 52 patients
{(95%), with 3 patients reporting a fair result according to the modified
University of Maryland 100-Point Painful Foot Center Scoring System
(17, 33) (Table 2). Patient responses to the questionnaire demon-
strated 53 patients (96%) with no pain or slight pain, whereas the
remainder had mild or marked pain (1 patient each). Walking ability
was unlimited or slightly diminished in 52 patients (94%). Fifty
patients (90%) could walk on any surface and 52 patients (94%) could
ascend stairs normally. Fifty-four patients (98%) required no support
to walk, and 53 patients (96%) did not feel they had a limp. Only 26
patients (47%} could wear any type of shoe, whereas 20 patients
reported they were unable to wear certain types of shoes or required
flat heel shoes, and 9 patients felt they needed to wear orthotics in
their shoes. Fifty patients (90%) felt their feet looked normal or had
a mild deformity, whereas only 36 patients (65%) felt they had normal
motion.

Follow-up radiographs were not available for 8 feet, Results from
quantitative analysis of the remaining 73 radiographs are depicted in
Table 3. The mean first-second intermetatarsal angle reduction was
4.6°. The mean reduction in the hallux abductus angle mean was 10.1°
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" Table1
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Patient satisfaction as measured by the Unwer51ty of Mary]and 160-Point Painful Foot Center Sconng System

1. charding miy bunion surgery, I presenﬂy have -
A} No pain, incloding Sports .
B) Slight pain, but it does not “affect my abmty to wurk
C) Mild pais, but | have made only minimal changes in my da:l_\,r acnwty

a3} Moderate pam for whxch [ take aspirin, 'Iy]e Al

E) Marked pain, even with’ minimal activities:

F) Disabhng paln for which ] t2ke s(mnger pain pilks™

A} Unfinited - -
B) Slightly c dimlmshed :
€) Mederately diminished-
D) Severely | diminished -
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%]
S
B
"
"r:“
}-9
‘g,
.-
=2
=
2B
-
E
g
é
-
E
3
-8
]
5
B
g
R

A) 1 feet completely stable when 1 walk”
B)1have'a weak feeling when 1 walk
Ci1 have an occaslonal fealing of giving way - - : .
;! have mstablhty when T walk {frequent feel:ng of gwmg Way) Ll T
E}1 need support or assistance to walk ~ - - R
With regard to my area of bunion surgery and s-uppcrt for walldng’
A)tdo not require any support to walk ; o

B) 1 require a cane to walk because of my foot ;

€)1 require crutches to walk - .-~ A

D} Itequire a wheelchair .- ~. - PR

, With regard to my bunion surgery and walkmg-

A} do not feel that { have a 11mp B

B} I have a slight llmp T

C}1 have a moderate limp = -

D) I have a severe 1imp :

*E} 1 cannot walk L .

6. With regard to I:he area ofmy huniun surger_v am:! shnf.-we
A)lcan comfortably wear any type ‘of shoe -
B) There aré some shpes'] canriot wear T
C)Tean wear only flat heel shoes
D) | peed to wear orthoties or supporuve inserrs in my shoes
E} [ wear special extra depth or “orthopedic shoes™: -

7. With rega:d to the area of my binion surgery a.m:l wal.ld.ng" )
A) | can walk on any $tirface of terrain
BY | have problems walking up and down thS
C} | have problems walking on flat surfaces " =

8. With regard to my bunion surgery and walking-
A)1 can go up stairs non'nal]y .

B) | nzed to use the banister - : .
C) 1 need assistance going up and down stairs -
P)lam unable to go up and down stairs -
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9. With regard to the area of my bunjon surgéry and the appea:ance of my fout'

A} I feel my foot looks normal - oo
B) It fooks like [ have a mild defor;mty o

C) It Ipoks ke [ have a modeérate deformity

D} It looks like | have a severe deformity -

10. With regardto roy bunion surgery and the mouon I now have in my big toe joint(s)

A) 1 feel | have normal motion - ™~
B) | feel my motion is slightly decreased
C) I feel my motion is markedly decreased
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- Point distribution for answer responses are not part of the questionnaire given to the patient. Adapted from (33} a5 modified by Schoen et al (173

One radiograph demonstrated approximately 2 mm of distal first
metatarsal elevation, whereas plantarflexion deformity was not
observed on any radiograph, In those patients where it was per
formed, there were no fractures or healing complications at the hafux
proximal phalanx closing basal wedge osteotomy. Figure 2 demon-
strates the typical hallux valgus deformity correction attained with
the inverted Z-scarf osteotomy in this series.

Two patients developed major complications, a rate of 2.7% (2 of 73
feet). In one patient, serial radiographs demonstrated mild distal
screw pull-out from the plantar cortex of the distal metatarsal shaft,
which resulted in 2 mm of dorsal displacement of the capital frag-
ment. The osteotomy healed in mild malunion after non-weight-
bearing immobilization, although alignment was satisfactory and

there was no loss of deformity correction. One patient developed
a latent hallux varus identified by approximately 8° of adduction on
the radiograph. However, clinical alignment was acceptable and the
patient did not desire revision surgery.

Postoperative radiograph measurements demonstrated no recur-
rence of hallux valgus or metatarsus primus varus deformity on
average 14 weeks after surgery (range 12-16 weeks). There were no
cases of osteonecrosis, not was there any case of delayed union or
nonunion of the first metatarsal. There were no deep infections and
no cases of persistent neuralgia or the development of complex
regional pain syndrome, Three patients sustained minor complica-
tions: 2 patients developed mild locat cellulitis around the incision
site that resolved after 1 week of oral antibiotics, and 1 patient
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Table 2 Table 3

Patient satisfaction as rated by patients Results fram quantitative analysis of the 73 radiographs

Score - . Rating .7 Patients (N} Patients (%) Measurement = ..© 7 - Mean S Range
90-100. - EXCELLENT * cLod46 e 84 Intermetatasal angle T LT % LIS o 2444
75-90 . GoOD o 5 ' 11 Hallux abductus angle -~ - " L0000 - -8-30e
60-75 - .- FAIR 3 . 5 - Tibiat sesamoid position - o237 - 1-7
<60 "~ POOR 0 1 Metatarsal protrusien ‘ L7 21 mm : -5-6 mmn

Modified University of Maryland 100-Point Painful Foot Center Scoring System (17, 33).

developed mild wound dehiscence that resolved after local wound
care.

Discussion

The Z-scarf osteotormny is a versatile mid-shaft procedure for the
correction of hallux valgus deformity that has gained considerable
popularity, particularly in Europe. Since its introduction in 1983, the
applications of this ostectomy have expanded to include not only first
intermetatarsal angle reduction of various magnitudes and derotation
of the capital fragment for cartilage deviation, but also sagittal plane
displacement of the capital fragment to increase or diminish first ray
load as well as elongation or shortening for a short or long metatarsal,
respectively (4, 6). A number of medifications for the traditional
configuration of the Z-scarf osteotomy have been described in the
literature, all of which retain the commonality of the general

Follow-up radiegraphs were not available for 8 feet.

orientation of the original Z osteotomy with intemnal fixation
accompanied by a lateral soft tissue release, removal of the bunion,
and a medial capsulorraphy (3, 4, 8-11, 14, 15).

Much of the clinical research on the traditional Z-scarf osteotomy
for hallux valgus correction reports short-term outcomes (3, 8, 9, 15,
16, 18, 20-22, 24, 34); however, a number of more recent studies
have evaluated intermediate-term results (23, 25-27, 29-31}. Thir-
teen studies have assessed outcomes based on subjective patient
survey, objective clinicat review, and radiegraphic measurements,
reporting primarily good to excellent results in populations
ranging from 20 to 89 patients (20--111 feet, respectively) (3, 17, 18, 20,
21, 24-27, 29-31),

Comparing the current investigation with previous studies of
similar numbers of patients or mean follow-up undergoing Scarf
osteotomy for hallux valgus correction reveals similar positive
outcomes, Good to excellent results have been reported for 70% to 90%

Fig. 2. AP weight-bearing radiographs depict correction of hallux valgus deformity attained with the inverted 2-scarf osteotomy canstruct in this serjes, (A} Preoperative radiograph-
{B) Postoperative radiograph. Note the rotated position of the capital fragment/superior arm to maintain cortical apposition of the metatarsal,
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of patients in previous studies based on questionnaires, radiographs,
and clinical evaluation (17, 23, 25, 29). Several recent pedobaro-
graphic studies have shown either no detrimental results or improved
functional outcome after the scarf osteotomy (24, 26, 35). Interest-
ingly, one prospective study of 32 patients at a mean follow-up of 33
months found the scarf osteotomy increased forces under the first
metatarsal head, improving the contribution of the first ray and
helping to restore forefoot function in gait {26). Simitar results of
increased pressure under the first metatarsal head and significant
improvement in clinical function 6 months after the scarf osteotomy
have been reported (35),

To our knowledge, this study is the first to evaluate outcomes of
the inverted Z-scarf osteotomy for hallux valgus correction. The
patient survey was a major. component for outcome analysis and
demonstrated primarily good to excellent results: 95% overall satis-
faction, 96% of patients with no or slight pain, 30% to 98% of patients
with favorable walking ability, and 90% of patients perceiving their
foot appearance to be acceptable. The less favorable patient survey
results were reported in the categories of shoe gear and motion, The
comfaortable use of unrestricted shoe gear was limited to 47% of
patients in this study, This result is surprising given that many
patients likely seek bunion deformity correction because of pain in
shoes they desire to wear, Shoe gear limitations could result from
a number of factors related to both surgery and patient characteristics.
An uncomfortable or unsightly scar, reduced first meta-
tarsophalangeal joint motion, or unrealistic patient expectations
about 3 panacea correction for their foot problem could all contribute
to patient perceptions about shoe comfort and wear characteristics.
The index procedure may have simply failed to address underlying
structural deformities of the foot that preclude wearing certain types
of shoes, Moreover, the survey may have posed inherent lmitations in
assessing this outcome, given that patient responses to overall satis-
faction, pain, walking ability, and foot appearance were 90% or higher.
Only 65% of patients believed they had normal motion of the first
metatarsophalangeal joint, which may have contributed to shoe gear
restrictions, This result couid be explained by scar tissue and failure to
perform adequate range-of-motion exercises, However, this result did
not appear to adversely affect the overall high satisfaction scores for
the procedure.

Radiographic measurements in this study demonstrated standard
postoperative parameters for hallux valgus correction {Table 2) to be
comparable to a similar study of the traditional configuration of the
Z-scarf osteotomy, with the exception of a higher mean hailux
abductus angle in our study (17). However, despite a 20% incidence of
radiographic hallux varus in the study by Schoen et al (17), 94% of
patients considered their foot to appear normal or have mild defor-
mity. Yet most cases of hallux varus or adductus in that series were
mild and the authors suggest that patients desired a rectus hallux
after surgery, the survey results supporting acceptance of this position
{17), The radiographic incidence of haliux varus was considerably
lower in our series, with only one patient developing a deformity by
radiographic measurements that was deemed dinically acceptable
and left the patient satisfied with the toe position. Patient question-
naire results demonstrated 90% satisfaction with foot appearance,
suggesting that both a position of mild hallux abductus and a more
rectus attitude are deemed acceptabie for halitx valgus correction in
this series. However, with the exception of the aforementioned case of
hallux varus, no correfation was made between individual patient
surveys and their respective radiographs, preciuding a case-by-tase
determination of patient satisfaction about toe position.

The resuits of short- and intermediate-term outcome studies on
the traditional Z-scarf osteotomy and its various modifications for
hallux valgus correction demonstrate that the major overall compli-
cation rate averages 8% (range 0%-35%)(3, 8, 9,15, 17,18, 21, 22, 24-31,
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36), Such complications include metatarsal fracture (acute or fatent),
troughing (the medial metatarsal cortex opposes the medullary canal
upon lateral translation of the plantar fragment), hallux varus,
osteonecrosis, delayed union or malunion, deformity recurrence,
persistent neuralgia, complex regional pain syndrome, and deep vein
thrombosis. Major complications were limited to several cases in 6
studies (3, 20, 21, 24, 28, 30). However, 1 study of 71 patients (84 feet)
reported that 11% of patients required a revision operation within 22
months and attributed this result to different surgeons at a teaching
frospital (18). Moreover, Coetzee {22} cautioned against the wide-
spread use of the Z-scarf osteotomy, cifing numerous complications,
25% early deformity recurrence, and a nearly 50% patient dissatis-
faction rate in his study of 20 patients at 6- and 12-month follow-up.
Two of the more catastrophic complications that have been reported
in the literature include troughing atong the first metatarsal with the
subsequent development of first metatarsal elevation {and potential
for iesser metatarsal head overload), and acute or latent fracture of the
first metatarsal {3, 10--13, 15, 17, 18, 22, 24, 25, 32, 36).

The incidence of first metatarsal troughing and subsequent
metatarsal elevation and valgus deviation in the traditional Z-scarf
osteotomy is difficuit to determine fromn the available literature.
Although this complication has been widely recognized as an inherent
risk with the ostectomy, only a few studies-have documented this
complication (10, 11, 22). Steck and Ringstrom (11) suggested an
annual incidence of less than 2% per 60 cases. Other authors have
noted postoperative elevation of the first metatarsal in their series,
but this was not clearly linked fo a positional shift of the plantar or
distal fragment of the osteotomy {17, 18). Although Schoen et al (17)
suggested that their patients may have had preexisting asymptom-

‘atic first metatarsal elevation, they acknowledged the risk of

troughing in osteopenic bone, advised limited passes of the saw, and
cautioned against pushing the lmits of lateral translocation. Finally,
most studies have not compared the pre- versus postoperative inci-
dence of pain or skin callus beneath the lesser metatarsals as it relates
to the position of the first metatarsal. ’

Troughing was not an observed complication in this study. This
probiem was most likely avoided by fransverse rotation of the capital
fragment on the plantar metatarsal segment to maximize cortical
apposition, a technique that also served to realign the cartilage at the
first metatarsal head. Excessive lateral translocation was avoided, which
also helped prevent the problem, as suggested by other authors (17). In
theory, first metatarsal troughing in the inverted Z-scarf osteotomy
construct would result in plantarflexion of the dorsal fragment on the
plantar shelf of the retatarsal (12,13). Indeed, one of the advantages of
the inverted Z-scarf osteotomy is that its design precludes the possi-
bility of first metatarsal elevatfon with sound fixation in healthy bone.
Should metatarsal troughing occur with this construct, the risk of lesser
metatarsal overload resulting from first metatarsal elevation is theo-
reticatly minimal. However, plantar troughing risks sesamoid overload,
also a difficult problem to manage. First metatarsal plantarflexion was
not observed on any of the 73 follow-up radiographs in this series, Aside
from careful patient selection, attention to detail with operative tech-
nigue—especially maintaining 2 points of fixation at all times—is
central to minimizing the risk of troughing in either the more traditional
or the inverted Z-scarf osteotomy.

It is likely that first metatarsal fractures are responsible for more
cases of first metatarsal elevation than metatarsal troughing in the
traditional Z-scarf osteotomy. The overall incidence of first metatarsal
fractures in this osteotomy construct and its various modifications is
3% {range 0%-10%) based on reports the literature (3, 7-9,15,17,18, 21,
22, 24, 25, 36). A postoperative fracture pattern propagating dorsally
from the mechanically weak proximal plantar arm of the osteotomy
has been observed by a number of authors (3,15, 22, 32). The proximal
plantar osteotomy in the traditional Z-scarf design has been shown to
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prodtice a stress riser across the intact dorsal shelf, producing dorsal
migration of the first metatarsal via a consistent fracture pattern at
this site in both sawbone models and matched cadaver specimens
(Figure 3) (12, 13). In addition to C}. Gudas, DPM's (oral commauni-
cation, January 1992} original modification to the osteotomy, other
surgecns have revised the construct to increase the surface area
across the dorsal sheif by moving the longitudinal arm from the fiest
metatarsal bisection to the plantar one-third of the bone, thereby
reducing the risk of stress fracture (3, 4, 7, 9.

The absence of first metatarsal fracture in this study supports the
strength of the inverted Z-scarf osteotomy as demonstrated by labo-
ratory research (12, 13). The reversal of the proximal and distal arms
(Figure 4} created a construct shown to be 1.6 times stronger than the
traditional configuration (12, 13). Yet no clinical research has
compared the inverted construct with the tradidonal construct
modified to increase the surface area across the dorsal shelf, Because
no direct comparison was made between osteotomy designs in this
study, it is not possible to attribute the absence of metatarsal fracture
in this series to the inverted construct alone, Future clinical investi-
gations could compare the inverted Z-scarf osteotomy with its more
traditional modified design for hallux valgus correction in the same
patient population. :

Because the Z-scarf osteotomy may be more technically chal-
lenging than many procedures for hallux valgus correction, steps {0
minimize surgeon error may be warranted. Angling the proximal arm
120° to the longitudinal osteotomy (Figure 1) does not compromise
the inherent stahility of the construct, adds more dorsal surface area
for screw placement, and allows easier rotation of the capital frag-
ment by reducing the binding that may occur at the proximal cut (13).
Furthermore, the inverted design is technically easier to perform
because less dissection is required to fashion the dorsal proximal arm,
compared with the more traditional design, which may require more
of a "blind cut” for the plantar arm.

Outcomes in this study were measured in part by the major
complication rate, observed in 2 (2.7%) of 73 feet. This compares

A

Fig. 3. Failure pattern in the traditional Z-scarf osteotomy design. (A) The traditional
2-scarf esteotorny. (B) Steess riser/fractire propagate dorsally acress metatarsal shelf from
the proximal plantar osteotomy with weight-bearing forces.

Fig. 4. The inverted Z-scarf osteotomy construct reverses the cenfiguration of the prox-
imal and distzl arms. The construct is strengthenad by the interfocking distal segment and
paint of screw Oxation, with weight-bearing forces bomne by the intact proximal plantar

segment.

favorably with the average 8% major complication rate observed in the
Hterature for the traditional Z-scarf osteotomy and its variations. In
this study, the single case of distal screw pull-out and resultant mild
malunion with first metatarsal elevation was considered a major
complication because the inverted Z-scarf construct was thought to
be inherently stable and stronger than the traditional design, This
result was surprising given the stability afforded by the interlocking
distal plantar osteotomy and corresponding point of screw fixation,
but the patient’s bone may have been more osteopenic than sug-
gested by the radiographs. This restlt underscores the importance of
careful patient selection for this operation.

Aside from the limitations inherent to a retrospective descriptive
study design, there were several other shortcomings of this study.
Ohjective clinical Andings were not evaluated in the study population.
Instead, the authors relied on patient responses fo the modified
University of Maryland 100-Point Painful Foot Center Scoring Systern
(17, 33) as the measure by which to define clinical results, This scoring
system has been used in several other studies for patient evaluation of
hallux valgus correction (17, 29, 37 38). Despite modifications
designed to better characterize outcomes of hallux valgus surgery,
this survey provides only rudimentary information about certain
clinical factors such as gait, first metatarsophalangeal joint motion,
and deformity recurrence as perceived by the patient (Table 1), and it
cannot take the place of a foot-related quality of life outcorne
instrument that has previously been shown to provide valid infor-
mation. It cannot take the place of standardized objective measure-
ments. Outcomes that could not be determined include the quality
and degree of first metatarsophalangeal joint motion, hallux position,
hallux purchase power, first ray motion, pain within the second
metatarsophalangeal joint with or without’ pain or a skin lesion
heneath second metatarsal head, effects on the mediat longitudinal
arch and hindfeot position, and the quality of gait.

Despite the absence of a clinical evaluation in this study, assessment
of intermediate-term clinical outcome based on patient satisfaction
scores has merit. A multicenter prospective study assessing patients’
perception of haliux valgus surgery outcomés demonstrated signifi-
cant improvement in pain, function, and overall satisfaction as deter-
mined by 2 validated questionnaires, confirming what physicians have
perceived (39). Interestingly, several outcome studies of the traditional
Z-scarf osteotomy could not demonstrate a correlation between clin-
ical or radiographic results and patient satisfaction (17, 18, 24}. In fact,
unfavorable clinical measurements were sometimes correlated with
high patient satisfaction (17). Despite the surgeon's reliance on clinical
and radiographic parameters as a measure of successful outcome in
hallux valgus surgery, the importance of the patient’s perception about
the final result should not be overlooked. Indeed, Schoen et al (17)
remark on the multifactorial nature of a good result and caution
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against the attention that may be given to established measurements
in the face of a satisfied patient. Unfortunately, in our study patients did
not complete the questionnaire before surgery, so no baseline
comparison with postoperative outcomes was avallable . This was
a limitation of the retrospective design,

Analysis of results was limited to descriptive data; statistical asso-
ciations could not be derived. In addition, patient survey resuilts were
not correlated with radiographic measurement outcomes, which could
have strengthened the measure of outcome in this study. Atthough
a high patient survey response rate in this study (90%) minimizes the
potential bias of patients with primarily or exclusively favorable results
completing the survey, it is possible the rémaining 6 patients who did
not return the questionnaire experienced a less favorable result,
Another source of potential bias, radiographic evaluation, was elimi-
nated by obtaining measurements from one auther (V.N.F.) who was
not involved in either the patient's surgery or clinical follow-up,
Radiographic outcome was limited to an average of 14 weeks,
another significant Hmitation of this study, The senior author (J.M.M.)
does not require longer follow-up after surgery for hallux valgus
deformity unless the patient is dissatisfied with his her outcome.

The results of this study demonstrates the inverted Z-scarf
osteotomy to afford predictable good to excellent intermediate-term
outcomes in hallux valgus surgery based on high patient satisfac-
tion scores. Desirable initial radiographic results and a low compli-
cation rate supports laboratory research on the improved strength of
the inverted construct compared with the more traditional design.
With proper patient selection and clese attention to technical
elements of the precedure, the inverted Z-scarf osteotomy offers the
foot and ankle surgeon a reliable first metatarsal shaft procedure for
the correction of hallux valgus deformity,
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