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INTRODUCTION

Hallux valgus was shown to have diminished first metatar-
sophalangeal joint (MTPJ) total range of motion (ROM),
deviated center of rotation and abnormal metatarsosesamoid
center of rotation, compared with normal controls in
cadavers. These dynamics were attributed to the prominent
medial eminence and periarticular capsuloligamentous
scarring with articular degenerative changes, which also are a
result of the pathomechanical forces. Although in this study
we are addressing hallux limitus pathology, they similarly
are attributed to limited dorsiflexion in hallux rigidus patients
primarily due to the dorsal mechanical block (exostosis).
According to Taranto et al in 2007, the hallux abductus angle
(HAA), first intermetatarsal angle (IMA), and lateral stress
dorsiflexion views were the only variables found to be
significantly different between hallux valgus and hallux
limitus and thus predictors of these processes. Changing the
dynamics of the first MTPJ surgically and parameters for
measuring its accuracy perioperatively are worth investigating,
namely the stress lateral dorsiflexion view radiographically.
No previous study has used this parameter perioperatively to
quantify preservation of first MTPJ motion with clinical
correlation, after bunion surgery.

Based on our retrospective study, we have preliminary
data suggesting that first MTPJ ROM is maintained and
increases postoperatively within 1 year, although not
statistically significant. These results are further elaborated
on with this prospective study, again evaluating first MTPJ
ROM both pre- and postoperatively for bunion surgery,
using a lateral stress radiographic view (Figure 1) for first
MTPJ dorsiflexion for clinical comparison. The type of
bunion procedure in relation to motions will also be

investigated, which the preliminary study showed no
significant clinical decrease at one year (except the Keller
procedure), and no significant radiographic decrease
(except in the Keller and Green-Waterman procedures).

With more perioperative data collection, including
first ray position, we can see how other specific factors play
a role pre and post bunion surgery. We are also going to
correlate radiographic stress lateral dorsiflexion views to
clinical measurements of first MTPJ ROM pre and post-
operatively specifically at 6 weeks, 3 months, 6 months,
and 1 year postoperatively.
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Figure 1. Lateral stress DF view.
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METHODS

A total of 58 patients (70 feet) who underwent bunion
surgery by Drs. Donald R. Green and Richard M. Green at
the SanDiego Podiatry Group betweenNovember 2007 and
December 2008 were included in the study. Similar to a
previous study, excluded patients were those who had or were
diagnosed with first MTPJ nonosteoarthritic conditions,
dysplasias, or infection involving the first MTPJ or first
metatarsal bone, ulceration of the foot or ankle, significant
trauma causing fracture to the first metatarsal bone or first
MTPJ (preoperatively), or causing break or backing out of
fixation (postoperatively), or patients with nonambulatory
status (such as wheel-chair bound, for whatever reason).

Clinical data was obtained preoperatively, intra-
operatively, at 6 weeks, 3 months, 6 months, and 1 year
postoperatively (see Worksheet). These data include
nonweight bearing (NWB) and in subtalar joint neutral:

1) First MTPJ ROM (resting, DF and PF) measurements
NWB: assessing assisted DF/PF using a hand-held
goniometer at subtalar neutral position with force placed on
or beneath the base of the proximal phalanx of the hallux,
and angle measured between the lateral longitudinal axes
of the hallucal proximal phalanx and first metatarsal bone
(Figures 3, 4). 2) Quality of first MTPJ ROM: including
crepitus, soft tissue or osseous impingement or tracking
versus trackbound (the hallux manually reduces to a rectus
position or not). 3) First ray position: assessed by first
placing the subtalar joint in neutral and assessing DF and PF
of the first metatarsal head relative to the second metatarsal
head with thumb and index finger of each hand, using a
Whitney biomechanical device (Figure 3). 4) Position of the
second toe: evaluated as no contact, abutting, underlying or
overriding the first and for positive Lachman’s test (that the
proximal phalanx translocates dorsally by 2 mm or more
relative to the second metatarsal head at the second

Figure 5. Lateral stress DF view.

Figure 2. Clinical DF measurement with tractograph, nonweight bearing. Figures 3. Using Whitney device to measure first ray range of
motion.

Figures 4.



CHAPTER 33180

MTPJ). 5) Other forefoot lesion pattern such as to the
medioplantar hallucal IPJ. Other parameters assessed include:
first metatarsocuneiform prominence, deformities in the
lesser toes, and hallux purchase (easy, resistant or “not
moveable” ability to pull paper out from beneath patient’s
hallux) (see Worksheet). Intra-operative clinical data
(see Worksheet) included primarily dorsiflexion and
plantarflexion ROM of first MTPJ, using a sterile
goniometer; however, procedural data was also collected at
that time.

Radiographic study was performed preoperatively and
postoperatively at 6 weeks, 3 months, 6 months, and 1
year, prospectively. Views evaluated include: dorsoplantar
(DP), medial oblique (MO), lateral (lat) foot views and
lateral stress DF (at the first MTPJ) view (Figure 5).
The DP view was assessed for: first metatarsal length and
width, shape of the first metatarsal head and base (round,
oblique or square), first and second MTPJ congruity
(congruous, deviated, or subluxed), signs of first MTPJ
degeneration (subchondral cysts, erosions, sclerosis, joint
space narrowing), metatarsus primus adductus (MPA),
hallux abductus angle (HAA), metatarsus primus
declination (MPD), hallux interphalangeus angle
(HIA), tibial sesamoid position (TSP), metatarsus
adductus (MAA), calculation of true IMA (IMA +MAA –
15), Engle’s angle (second met-cuneiform), forefoot
adductus angle (FAA), first metatarsal-calcaneal angle,
tibial sesamoid-second metatarsal distance, talocalcaneal
angle (TCA), talonavicular coverage angle, and cuboid
abduction angle (CAA), all as previously described in the
literature. The medial oblique view was used to evaluate
for dorsiflexion of the toes.

Similarly, the lateral view was assessed for: metatarsus
primus elevatus (MPE), first metatarsal declination angle,
talo-first metatarsal angle or Meary’s angle, Seiberg Index,
calcaneal inclination angle (CIA), Kirby’s sign, and dorsal
first MTPJ lipping/spurring. Then the lateral stress DF
view was used to measure first MTPJ DF in stance with
the STJ in neutral (see radiographic worksheet.)

Questionnaires filled by all patients on each visit include
the preoperative questionnaire and either the Modified

McGill Questionnaire or the Bristol Foot Score (BFS), with
the BFS replacing the Modified McGill Questionnaire
several months into the study. This study was IRB approved
(#4471) and appropriate consent obtained.

ANALYSIS AND RESULTS

SPSS software was used for all statistical analysis. The T test
paired sample statistics between pre and postoperative
measurements, Pearson R correlation coefficient for
determining association between variables (bunion
procedure or fixation choice, first ray position, and other
factors as mentioned previously). P values less than 0.05
were considered significant. Data at 1 year had too few cases
to be included in the majority of the analysis. Of 58 patients,
70 feet: 47 patients (57 feet) had clinical data (81%),
44 patients (51 feet) had radiographic data (76%),
47 patients (57 feet) had intraop data (81%), the
preoperativequestionnaire was filled out 47 times (for 47
feet, only 3 were bilateral), or 67%, and 48 patients (59 feet)
had filled out either the McGill questionnaire (15 patients,
22 feet or 26%) or Bristol Foot Score (33 patients, 37 feet,
57%), or 83% total.

Results showed significant 7 degree decrease in
clinical DF at 6 weeks compared with preoperative on
average (P = 0.003), 6 degree decrease in clinical DF at 3
months compared with preoperative (P = 0.022), and 4
degree decrease in clinical DF at one year compared with
preoperative (P = 0.023). A high correlation (0.704) was
found between preoperative clinical DF and 1 year
postoperative clinical DF (P = 0.027). A high correlation
(0.832) was also found between preoperative clinical
DF and preoperative radiographic stress lateral view
(P < 0.001) and between clinical and radiographic
measurements at 6 months (correlation 0.794, P < 0.001).
A moderate correlation (0.657) was found between
clinical and radiographic DF at 3 months (P < 0.001), and
between preoperative and 1-year clinical PF (correlation
0.689, P = 0.027) (Tables 1-7). Clinical plantarflexion
measurements were significantly decreased at 6 weeks
(mean 15.44o, P = 0.003) and 3 months (17.0o,
P = 0.022) from preoperative (22.0o).

Table 1

MEAN RADIOGRAPHIC DF
MEASUREMENTS (DEGREES)

Radiographic Preop 6wks P.O. 3mo 6mo 1Yr
DF (o)
# Feet 52 29 42 23 8

Table 2

MEAN CLINICAL DF
MEASUREMENTS (DEGREES)

Clinical Preop Intraop 6wks P.O. 3mo 6mo 1Yr
DF (o)
# Feet 54 48 46 41 23 11
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When separating the data by diagnosis, for hallux
valgus and/ MPA diagnoses, there was a significant
decrease in clinical DF postoperative at 6 weeks, 3 months,
and 6 months clinically and at all times postoperative
radiographically. For hallux limitus patients however, there
was a significant increase in DF again at all postoperative
times except the clinical 1 year (Table 8). Though
separating the data by procedure, the Austin and CBW
showed significant decrease in clinical DF postoperative at
6 weeks and 3 months, as well as in radiographic DF at 6
weeks, 3 months and 6 months postoperative (Figures
6-10). In contrast, the Keller and Green Waterman
procedures showed significant increased DF at these same

times (Table 9, Figures 11-14). All significance was shown
through Post-Hoc Scheffe testing.

All of these differences were significant except the
clinical 1 year, using the ANOVA test. It is also important to
note that the difference in X-ray DF at 6weeks had no
homogeneity of variance, however this may be due to the fact
that this time period was most immediately postoperatively.

Table 3

CLINICAL DF VALUES (DEGREES): MEAN (RANGE)

Preop Intraop 6wks P.O. 3mo 6mo 1Yr
DF (o)
68 (8-105) 72 (28-92) 57 (30-85) 58 (10-90) 61 (25-93) 65 (20-95)

Table 4

RADIOGRAPHIC DF VALUES
(DEGREES): MEAN (RANGE)

Preop 6wks P.O. 3mo 6mo 1Yr
DF (o)
65 (21-94) 44 (5-72) 52 (8-76) 55 (28-92) 54 (43-71)

Table 5

MEASURED DF (MEAN,
DEGREES), N= # FEET

DF N
Clinical Preop 68.06 54
Clinical Intraop 72.29 48
Clinical, 6wks 56.87 46
Clinical, 3mo 58.10 41
Clinical, 6mo 60.91 23
Clinical, 1yr 65.09 11
Xray Preop 65.00 52
Xray, 6wks 44.38 29
Xray, 3mo 52.12 42
Xray, 6mo 54.65 23
Xray, 1yr 54.38 8

Table 6

PREOP TO POSTOP CHANGE
IN DF (MEAN, DEGREES),
ALL DECREASED. N= # FEET.

DF N
Clincial, 6wks -8.35 43
Clinical, 3mo -9.21 38
Clinical, 6mo -5.85 20
Clinical, 1yr -6.60 10
XRay, 6wks -24.17 29
XRay, 3mo -13.19 42
*XRay, 6mo -10.09 23
XRay, 1yr -4.13 8

*Statistically significant (P = 0.034) using T-test for Equality of Means.

Table 7

PATIENTS (%) WHO HAD
DECREASE IN DF

Clincial, 6wks 67.4
Clinical, 3mo 76.3
Clinical, 6mo 65.0
Clinical, 1yr 60.0
XRay, 6wks 86.2
XRay, 3mo 85.7
XRay, 6mo 69.6
XRay, 1yr 62.5
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Table 8

CHANGE (+: INCREASE, -: DECREASE)
IN DF BY DX (MEAN, DEGREES), N= # FEET

HAV only HAV + MPA HL, or HL + HAV N
Clinical, 6wks -16.20 -16.89 7.69 20, 9, 13
Clinical, 3mo -18.14 -7.17 5.10 21, 6, 10
Clinical, 6mo -14.43 -17.17 12.43 7, 6, 7
Clinical, 1yr -8.20 -10.75 18.00 5, 4, 1
XRay, 6wks -27.21 -35.25 3.00 14, 4, 6
XRay, 3mo -21.25 -20.14 3.56 14, 7, 9
XRay, 6mo -21.86 -15.25 7.29 7, 4, 7
XRay, 1yr -8.50 -24.00 7.67 2, 1, 3

Figures 6. AP and lateral stress DF after closing
base wedge ostetomy.

Figure 7.

Figure 8. Figure 9.
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Table 9

CHANGE (+: INCREASE, -: DECREASE)
IN DF BY PROCEDURE (MEAN, DEGREES), N= # FEET

Austin MMcB+CBWO Keller Mod Green Wtr N
Clinical, 6wks -15.55 -17.50 8.67 9.00 22, 6, 6, 7
Clinical, 3mo -18.86 -7.60 .20 14.67 21, 5, 5, 6
Clinical, 6mo -19.00 -9.00 3.57 8.50 6, 5, 7, 2
Clinical, 1yr .60 -26.00 -36.00 18.00 5, 2, 1, 1
XRay, 6wks -27.31 -39.40 -21.00 2.40 16, 5, 2, 5
XRay, 3mo -17.14 -22.57 -11.50 5.80 21, 7, 4, 5
XRay, 6mo -20.44 -15.00 1.67 7.67 9, 3, 6, 3
XRay, 1yr -8.00 -24.00 8.00 7.50 4, 1, 1, 2

*Statistically significant, using ANOVA.

Figures 12.

Figures 11. AP and lateral stress DF
after Green-Waterman.

Figure 10.

Figure 13.
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No favoring of surgeon to right or left foot or to time
of examination was noted (did not get more dorsiflexion
faster with one surgeon than the other). Total: 38 (54%)
Right, 32 (46%) Left. (Table 10). The most common
diagnosis was HAV only, and three-quarters of patients had
HAV and/MPA (Table 11). The most common procedure
performed was the Austin (almost half), and enough to
perform analysis on the closing base wedge (CBW), Keller,
and Green-Waterman procedures (Table 12).

For other intraoperative data, the majority had no
adjunct procedure (70.9%), the most used a threaded
Kirschner-wire (48.1%), had onemethod of fixation (64.8%),
and no recorded intraoperative complications. Cartilaginous
degeneration was noted 22.2% of the time, the majority had
lateral capsular release (69.8%), fibular sesamoidal ligament
release (63.6%), without adductor tendon release (61.8%),
majority medial capsulorrhaphy (90.9%), and majority
without FHB release (98.2%), obtained from recorded data.
A total of 76.4% were fully weight bearing in a surgical shoe,
and the rest in a CAM walker (5.6% partial weight bearing
and 20.0% nonweight bearing). Using the ANOVA, patients
scored significantly lower (improved) on the BFS and
ModifiedMcGill surveys at 3 months (n = 31) and 6months

(n = 21) postoperative, compared with preoperative (N = 42)
(P = 0.003)(with n = 36 at 6 weeks, thus a total n = 38 for
this analysis).

Physical examination significant differences include:
Non-weight bearing first MTPJ passive DF degree is
significantly decreased at 6 weeks (M = 56.87) than
preoperative(M = 68.06; F [4,171] = 3.290, P = 0.013) -
ANOVA. There was more pain on the end range of motion
in the first MTPJ on the preoperative physical examination
(X2 = 16.748, P = 0.033). There was significantly more
overlapping second toes preoperatively that were corrected
to having no contact 6 weeks postoperatively (X2 = 57.111,
P < 0.001). At 6 weeks postoperative, there was a significant
correcting from overlapping second toe weight-bearing to
no contact (X2 = 26.586, P = 0.009). No difference on
Lachman test (only done preoperative and at 6 weeks;
X2 = 0.507, P > 0.05). Significant loss of hallux purchase
power at 6 weeks postoperative (X2 = 23.915, P = 0.002),
but strength was regained to preoperative status at 3 months
and maintained thereafter.

For the non-numerical physical examination data: There
was significantly more crepitus at the first MTPJ preoperative
than any postoperative time (X2 = 13.193, P = 0.040). There

Figure 14.

Table 10

SURGEONS (DRG, RMG) AND #
PTS (TOTAL 58), FEET (TOTAL 72)

Surgeon DRG RMG Total
Patients 31 27 58
Feet 37 33 70
Bilateral 6 6 12

Other* includes: Modified McBride (alone; 2), Lapidus (2), Silver (1), and
combination Keller + CBWO (1) procedures. Abbrev: MMcB = Modified
McBride, CBWO = Closing Base Wedge Osteotomy, Mod Green Wtr = Mod-
ified Green Waterman.

Table 11

DIAGNOSES, # FEET

HAV 37 (52.9%)
HL 16 (22.9%)

HAV + MPA 15 (21.4%)
HAV + HL 2 (2.9%)

HAV =Hallux Abducto Valgus, MPA =Metatarsus Primus Adductus, HL
= Hallux Limitus.

Table 12

PROCEDURES PERFORMED,
# FEET

Austin 34 (48.6%)
MMcB + CBWO 11 (15.7%)
Mod Green Wtr 11 (15.7%)

Keller 8 (11.4%)
Other* 6 (8.6%)
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was significantlymore osseous impingement at the firstMTPJ
preoperative than any postoperative time (X2 = 17.516,
P = 0.041). With second toe position relative to the hallux,
there was significantlymore second toes overlying the first and
significantly less “no contact” at preoperative, significantly
more “no contact” and significantly less abutting at 6 weeks,
but significantly more abutting at 6 months postoperative
(X2 = 53.791, P < 0.001). There was significantly less “no
contact” at preoperative and significantly more “no contact”
at 6 weeks with the second toe position relative to the hallux
weight-bearing (X2 = 25.783, P = 0.002).

Radiographic examination significant differences include:
There was a significant decrease in lateral stress dorsiflexion
at 6 weeks (M = 44.38) and 3 months (M = 52.12) than at
preoperative (M = 65.00; F [4, 149] = 8.190, P < 0.001).
The first metatarsal length was significantly shorter at
3 months postoperative (M = 60.74) than at preoperative
(M = 64.46; F [4,149] = 4.418, P = 0.002). There was more
deviated and subluxed first MTPJs preoperative and fewer
congruous first MTPJs preoperative than at any post-surgical
measurement (X2 = 32.626, P < 0.001). There is less
narrowing of the first MTPJ at 6 months than at preoperative
(X2 = 12.645, P = 0.013). The hallux abductus angle is
significantly decreased at 3 months (M = 15.29) and
6 months (M = 13.42) postoperative when compared with
preoperative measurements (M = 23.94, F [4,149] = 5.793,
P < 0.001). There is a significant decrease in the true IMA
from preoperative (M = 14.79) to 6 weeks (M = 11.45;
F [4,149] = 3.627, P = 0.007). There was significantly more
dorsal first MTPJ lipping and spurring preoperative than any
postoperative measure (X2 = 9.658, P = 0.047). There was
a significant decrease in first IM angle from preoperative
(M = 15.30) to 6 weeks (M = 7.00), 3 months (M = 8.50),
and 6 months (M = 8.33; F [3,22] = 10.297, P < 0.001).

When separating the data out by procedures, these
findings were significant:

For the Austin, significant differences were seen in
hallux abductus angle (Mpre = 24.76, M3 mos = 15.90; F
[3,67] = 4.766, P = 0.005) or decreased postoperative,
and metatarsal protrusion distance (Mpre = -2.52mm,
M6 mos = -5.44mm; F [3,67] = 4.184, P = 0.009) or

shorter first metatarsal postoperative, as well as lateral
stress dorsiflexion (Mpre = 72.72, M6 weeks = 47.19,
M3 mos = 53.86, M6 mos = 52.44; F [3,67] = 16.450,
P < 0.001), again decreased postoperative radiographically.
Chi-square values on the Austin revealed significant
differences in congruity of the first MTPJ preoperative
(X2 = 24.832, P < 0.001). The closing base wedge
procedure yielded significant differences in the first IM
angle (Mpre = 15.30, M6 weeks = 7.00, M3 mos = 8.50,
M6 mos = 8.33; F [3,22] = 10.297, P < 0.001),
HAA (Mpre = 36.10, M6 weeks = 19.80,
M3 mos = 23.13, M6 mos = 18.33; F [3,22] = 8.356,
P = 0.001), true IMA (Mpre = 19.30, M6 weeks = 9.00;
F [3,22] = 5.146, P = 0.008).

Chi-square values on CBW showed significantly fewer
patients with incongruity of first MTPJ preoperative,
significantly more patients with subluxed first MTPJ
preoperative, and significantly more deviated first MTPJ
at 3 months postoperative (X2 = 25.503, P < 0.001).
For the CBW, the tibial sesamoid position (TSP), rated
from 1 to 7, was significantly higher preoperative than at
the 6 week postoperative visit (Kruskal-Wallis X2 = 10.940,
P = 0.012). The Keller procedure yielded no significant
results, most likely due to sample size (n = 8). Chi-square
values on the Keller demonstrated more first MTPJ DJD
preoperative (X2 = 10.286, P = 0.016 as well as more first
MTPJ space narrowing preoperative (X2 = 13.846,
P = 0.003). For the Green Waterman procedure, the only
significant difference was seen in first metatarsal length
(range from Mpreop = 65.75 to M6 mos = 57.00;
F [3,18] = 4.254, P = 0.019) but no difference could be
detected in post-hoc Scheffé testing, probably due to
sample size (n = 8 at pre-operative, n = 3 at 6 months).
For the GW procedure, the dorsal first MTPJ
lipping/spurring was significantly higher preoperative
(X2 = 19.242, P < 0.001)(Figures 15 & 16).

When separating the data out by diagnosis, these
findings were significant. For the HAV only, significant
results were seen in hallux abductus angle which decreased
postoperative (Mpreop = 25.73 to M3 mos = 16.55;
F [3,71] = 4.701, P = 0.005) and lateral stress dorsiflexion,

Figures 15. Decreased dorsal 1st MTPJ lipping/spurring after Green-
Waterman.

Figure 16.
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which also decreased postoperative (Mpre = 73.38,
M6 weeks = 46.88, M3 mos = 52.95, M6 mos = 54.20;
F [3, 71] = 18.078, P < 0.001). For HAV only, there were
significantly fewer congruous and more deviated first
MTPJ’s preoperative (X2 = 24.88, P < 0.001).

Looking at the combined diagnosis of HAV and MPA,
significant decreases over preoperative values were seen at
the first IMA (Mpre = 15.30, M6 weeks = 7.00,
M3 mos = 8.50, M6 mos = 8.33; F [3,22] = 10.297,
P < 0.001), HAA (Mpre = 36.10, M6 weeks = 19.80,
M3 mos = 23.13, M6 mos = 18.33; F [3,22] = 8.356,
P = 0.001), between preoperative and 6 weeks for the true
IMA (Mpre = 19.30, M6 weeks = 9.00; F [3,22] = 5.146,
P = 0.008), and lateral stress DF (Mpre = 74.10,
M6 weeks = 40.80; F [3,22] = 4.556, P = 0.013). In
addition, the TSP was significantly higher preoperative
than at 6 weeks postoperative (Kruskal-Wallis X2 = 10.940,
P = 0.012), the same value as was seen for the CBW. There
were significantly fewer congruous and more subluxed first
MTPJ’s preoperative (X2 = 25.503, P < 0.001).

When combining the 2 diagnoses, HAV only and HAV
plus MPA, differences were significantly decreased in first
metatarsal length (Mpreop = 64.08 to M3 mos = 60.73;
F [3,97] = 3.865, P = 0.012), first IMA (Mpre = 13.83,
M6 weeks = 10.59, M3 mos = 11.07; F [3,97] = 5.190,
P = 0.002, HAA (Mpre = 28.61, M6 weeks = 19.09,
M3 mos = 18.30, M6 mos = 19.46; F [3,97] = 9.255,
P < 0.001), true IMA (Mpreop = 16.06 to M6 weeks =

11.91; F [3,97] = 5.662, P = 0.001), TN coverage (Mpreop
= 17.11 toM6weeks = 10.73; F [3,97] = 4.264, P = 0.007),
and lateral stress DF (Mpre = 73.58, M6 weeks = 45.50,
M3 mos = 52.40, M6 mos = 58.08; F [3,97] = 20.666,
P < 0.001). There were significantly fewer congruous, more
deviated, and more subluxed first MTPJ’s at preoperative
(X2 = 32.943, P < 0.001). The TSP was significantly higher
preoperative than at 6 weeks postoperative (Kruskal-Wallis
X2 = 10.322, P = 0.016).

For the hallux limitus diagnosis, dorsal first MTPJ
lipping/spurring was significantly more frequent pre-
operative (X2 = 25.335, P < 0.001). Likewise, first MTPJ
DJD was significantly more frequent preoperative
(X2 = 16.845, P = 0.001), first MTPJ narrowing was less
frequent at 6 months (X2 = 8.009, P = 0.046), and dorsal
lipping/spurring was significantly more frequent
preoperative (X2 = 25.335, P < 0.001) (Figures 17-20).

With data obtained from the preoperative questionnaire
(44 patients), no difference was found between age to change
in dorsiflexion nor to the responses in the surveys (Bristol
foot score, Modified McGill) using ANOVA. The BMI was
divided into 3 groups: normal (BMI <25, or 35% of patients),
overweight (BMI between 25 and 29, or 40%), or obese
(BMI >29, or 25%). Using ANOVA, the stress lateral
dorsiflexion (radiographic) at 6 weeks postoperative was
found to be significantly increased by 5o in overweight
individuals (n = 6), and increased by 34.5o in patients with
normal BMI (n = 6), with F(2,13) = 4.167 (P = 0.04). Since

Figures 17. The Green-Waterman
showed significantly less 1st MTPJ
narrowing at 6 months, and more
dorsal lipping/spurring preoperative.

Figure 18.
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there were only 4 patients in the obese group (not all
questions were answered on all questionnaires), no difference
could be calculated. No difference was found between males
or females in regard toDF values and surveys using the paired
T test. Also using the paired T test, there was a significant
difference in clinical DF between the two surgeons, with an
average of 4o (13 cases) for DRG, and 28o (3 cases) for RMG,
however in addition to the different number of patients, the
RMG patients scored an average 42 mm on the pain scale
(maximum113mm), whereas they scored 75mmon average
in the DRG patients, on the preoperative questionnaire. So
perhaps the DRG patients were the more difficult patients.

Among patients who indicated a chief complaint (CC)
of bump pain, a significant decrease in clinical DF was
noted at 6 weeks (n = 29) of 13.8o (versus 1.6o increase in
those not indicating CC of bump pain, P = 0.022), at
3 months (n = 27) of 14.1o decrease (versus 3o increase,
P = 0.045), at 6 months (n = 16) of 13.8o decrease
(versus 6.8o increase, P = 0.042), and decrease
radiographically at 6 weeks of 28.4o (versus .6o increase,
P = 0.003). Only 4 indicated CC of nerve pain and could
not be analyzed. Also among these CC of bump pain
patients, a significant increase in preoperative pain was
noted (average 74.3 mm), versus 44.4 mm (n = 23,
P = 0.05), with the paired sample T test). Among those
with CC of joint pain, a significant higher (worse score)
cumulative postoperative BFS (n = 27) was noted (21.8
cumulative postoperative score, versus 14.6 in patients
without CC joint pain, P = 0.04). A significant smaller
decrease in DF radiographically was noted in these patients
of CC joint pain at both 3 months (5.35o decrease, versus
23o decrease, P = 0.035) and 6 months (2.89o versus
22o decrease, P = 0.037). Among the CC limited motion
patients, a significant increase in radiographic DF was
noted at 3 months postoperative (3.4o increase, versus
15o decrease in those without CC limited motion, n = 26,
P = 0.035) and 6 months postoperative (9o increase,
versus 14.82 decrease without this CC, P = 0.024).

For duration of having the bunion, the longer the
patients had the bunion, themore pain they had preoperatively,
using the surveys (Bristol Foot Score, and Modified McGill

Pain questionnaires), with all P values > 0.05 using ANOVA.
No significant changewas noted in dorsiflexionor survey results
on those who had previously used orthotics or tobacco. Those
patients who had undergone foot surgery for the first time had
higher cumulative postoperative Bristol Foot Score (worse
score, 19.4 versus 14.5) than those who had had prior foot
surgery (total n = 27, P = 0.039, paired T test). For work type,
those who had a desk job had significantly less decrease in
clinical DF at 3 months postoperative (2.6o decrease, n = 27,
versus 18.4o in the standingwork type, n = 8,P=0.046), using
the paired sample T test. Too few were in the heavy duty
(n = 1) and sedentary (n = 2) work types to be analyzed for
comparison. Among the 10 patients who indicated they were
retired, a significantly higher decrease in clinical DF was noted
at 3 months (30.7o decrease, versus 2.8o decrease in the rest)
using the paired sample T test, but please note that this was
affected by age, which asmentioned before, did not play a role
in change inDFbefore and after bunion surgery.Nodifference
was found between the 17 patients who indicated they
occasionally exercised and the 23 regularly-exercising patients
between change in DF and survey scores (and not enough
patients who indicated they did not exercise, n = 4), using
paired sample T test. Among the reason for surgery, no
difference was noted using sample paired T tests between
appearance and difficulty with shoegear (and all but 2 patients
indicated pain as not being a reason for surgery).

Complications, which required returning to the
operating room, include (5 total): 2 delayed healings
(1 of which healed with bone stim, the other was a Lapidus
that was redone 9 months later), 2 fractures of capital
fragment (in an 73 year-old osteopenic patient bilateral,
both requiring ORIF), and 1 varus (Figures 21 & 22).
Problems, not requiring return to the O.R., (14 total)
included: 3 hypertrophic scars, 1 neuritis (which resolved
with injection), 1 continued pain (which resolved when
swelling improved), 1 painful fixation (which was
removed), 4 recurrences not requiring surgery, 1
subsecond pain, 1 suture reaction (resolved after 1 week)
and 1 transfer metatarsalgia (improved with padding,
but may or may not have been directly due to the
bunion surgery).

Figure 20.Figure 19.
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DISCUSSION

We accept our hypothesis that clinical DF measurements
decrease postoperatively, significantly at 6 weeks,
3 months, and one year clinically, compared with
preoperatively. A high positive correlation was found
between preoperative clinical and radiographic measure-
ments, giving some value to obtaining a stress lateral
radiograph, to gauge the amount of DF available
preoperatively, as well as at 6 months and one year.
Notably, PF also significantly decreased at 6 weeks and 3
months. However important to note that when the data
was divided between hallux valgus from hallux limitus
patients, the hallux valgus had significant decreases in
clinical and radiographic dorsiflexion postoperative and
significant increases in hallux limitus patients, suggesting
that the hallux valgus pathology is a precursor for limited
postoperative dorsiflexion and the hallux limitus diagnosis,
as expected, improved in their dorsiflexion postoperative as
this was addressed surgically. Likewise, the hallux valgus
procedures including Austin and CBW produced
decreased ranges of motion, whereas the joint eliminating
Keller and joint decompressing Green-Waterman
unsurprisingly showed increased dorsiflexion postoperatively.

Patient’s scores improved significantly postoperative for
both the BFS and Modified McGill surveys, so that a
reduction in pain and more function was attained surgically.
Patients also regained hallux purchase power by 3 months.
At 6 weeks postoperative, no significant increase in DF was

found in the 4 obese individuals, however a significant lateral
stress DF increase was found in overweight (5o) and much
higher (34.5o) in normal weight individuals, of the 40
patients (69%) who reported their height and weight in the
preoperative questionnaire. There was a significant decrease
in clinical DF at 6 weeks, 3 months, and 6 months as well as
decrease in radiographic DF at 6 weeks in those with chief
complaint of bump pain, similar to the hallux valgus patients,
since 28 out of the 34 with CC bump pain (or 82%) had
hallux valgus (+MPA). Also similar to hallux limitus patients,
those with a chief complaint of joint pain had a significantly
less decrease in 3 and 6 month radiographic DF. Only 10 of
the 27 who had CC joint pain were HL patients, or 37%,
which may indicate that shortening or plantarflexion of the
metatarsal may also be indicated in hallux valgus patients
(since 7 of the 11 Green Watermans were in this group, or
64%). Also significant increase in radiographic DF at 3 and
6 months postoperative were noted in patients with limited
motion as chief complaint, and of these 8, six were hallux
limitus patients (75%), which corresponds to prior
hallux limitus patients having significant increase in DF
postoperative (Figures 23-25). As expected, the longer the
patient had the bunion pain, the more pain they had preop.
Interesting to note, those who had never had foot surgery
before their bunion surgery had worse (higher) BFS
postoperative by 5 points. This finding may be due to those
never having had foot surgery prior perhaps having higher
than realistic expectations postoperative.

Figures 21. Varus complication. Figure 22.
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Contrary to our first study that showed those with a
weight-bearing job (>4 hours continuous activity) had
higher DF rates, in this prospective study we found that
those with a desk job had a smaller decrease in 3 months
postoperative clinical DF than those with a standing job.
Even the retired patients had a significantly higher
decrease in clinical DF at 3 months than non-retired
patients. However we did use different analysts and
different analysis tests in the two studies. Our first study
also indicated that patients who exercised regularly had
significantly improved satisfaction with the surgery,
however in this study, not enough patients indicated that
they did not exercise, but no difference in DF values were
found between occasional and regularly exercising
individuals. Perhaps exercise or activity is not as important
a factor as originally thought.

Radiographic studies showed shorter first metatarsal
lengths 3 months postoperative, as well as significant
reduction of the HAA at 3 months and 6 months, true
IMA at 6 weeks, and the IMA at 6 weeks, 3 months, and
6 months postoperative, as well less dorsal spurring at all
postoperative times, showing successful correction of
pathology and deformity. Likewise, the Austin and CBW
showed significant reduction in HAA (at 3 months for
Austin, and at 6 weeks, 3 months, and 6 months for CBW)
postoperative when divided by procedure. The CBW alone
had significant reduction in IMA, at 6 weeks, 3 months,
and 6 months, for the true IMA, at 6 weeks only, as well
as for the TSP at 6 weeks only (Figures 26, 27). More
preoperative arthritic changes were noted for the Keller
and Green-Waterman procedures as well, again supporting
surgical benefit, as well as significant shortening in first
metatarsal length for the Green-Waterman at 6 months.
The differences in diagnoses were very similar to the
breakdown by procedure, with the HAV only similar to
Austin outcomes, HAV +MPA similar to CBW outcomes,
and HL similar to Green-Waterman outcomes.

Limitations include less followup at one year, and
short followup time of one year, as well as small population
size, i.e., for breaking up into procedure, and less variety
in procedure. Many times in the data analysis, the one year
data had to be excluded due to small sample size, and also
any procedure other than the 4 most common ones
(Austin, CBW, Keller, Green-Waterman), had to be
excluded due to small number. Again, the Keller had to
be eliminated from post-hoc tests on many accounts due
to small number (Figures 28-31). Minimal complications
were noted.

Figures 23. Significant increase seen in hallux limitus
patients postoperatively.

Figure 24.

Figure 25.
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Figure 26. The closing base wedge had
significant decrease in IMA, true IMA and
reduction of tibial sesamoid position post-
operative.

Figure 27.

Figure 28. The Keller procedure had
to be excluded from majority of data
analysis due to too few cases (n = 8,
11.4%).

Figure 29.
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CONCLUSION

When combining all the data, we accept our hypothesis
that bunion surgery decreases motion at the first MTPJ
postoperatively up to one year both clinically and
radiographically. A significant decrease at 1 year was found
in clinical DF compared with preoperatively, which
supports our hypothesis. Division of data by diagnosis and
procedure showed significant decreased clinical and
radiographic DF postoperatively in hallux valgus, Austin
and closing base wedge patients but significant increase in
hallux limitus, Keller and Green-Waterman patients.
A positive correlation was found between clinical and
radiographic measurements preop, 6 weeks postoperative,
and 1 year postoperative, showing that a stress lateral
radiographic view has some value in quantifying
DF perioperatively.
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