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Abstract

Objectives: The purpose of the study was to compare clinical and radiological outcomes of autografts obtained from the iliac crest
(IC) and distal radius (DR) and to evaluate their superiority for surgical treatment of solitary finger enchondromas.

Methods: Twenty-five patients for whom curettage and autografting were carried out for finger enchondroma were retrospec-
tively analyzed. DR autograft was used in eight patients and IC autograft was used in 17 patients. Data on pre-operative total active
motion (TAM), disabilities of the arm, shoulder, and hand (DASH) score, and pain visual analog scale (VAS) scores of the involved
finger, duration of surgery, amount of bleeding during the operation, length of hospital stay, presence of complications related to
anesthesia, and post-operative donor site morbidity were obtained. Pre-operative and post-operative 12" month radiographies
were evaluated for pre-operative tumor volume, post-operative remnant volume, and Tordai radiologic evaluation grade.
Results: No statistically significant difference could be identified between post-operative TAM (p=0.154), DASH (p=0.458), pain
VAS scores (p=0.571), remnant volume (p=0.496), Tordai radiologic evaluation grade (p=0.522), duration of surgery (p=0.288), and
amount of bleeding (p=0.114) between DR and IC groups. However, mean hospital stay duration was shorter for the DR group
(p=0.0001). Recurrence was observed in one patient in the DR group and three patients in the IC group (p=0.996).

Conclusion: The clinical and radiological outcomes of grafting from the DR and IC were similar in the treatment of hand enchon-
dromas. However, grafting from the DR may result in shorter hospital stay compared to IC grafting.
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hile solitary enchondromas are hamartomas origi-
nating from the hyaline cartilage tissue in the bone,
multiple enchondromas are a type of bone dysplasia."
Solitary enchondromas are commonly observed in the
long bones of the hand and are the most frequently en-
countered primary bone tumors of the hand. They are

often located on the ulnar fingers and the proximal pha-
lanx.! Although solitary enchondromas are often silent,
the first finding may be fractures. The main treatment in
symptomatic patients is surgery.’! The purpose of treat-
ment is to prevent fracture and deformity and to establish
histopathological diagnosis.
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The main surgical method in enchondroma is open or
endoscopic curettage.® Treatment of the cavity formed
after curettage can vary. In addition to curettage, chemi-
cal cauterization can be applied to the cavity with phenol,
alcohol, liquid nitrogen, and CO, laser; additionally, physi-
cal cauterization can be performed with a high-speed burr.
81 Studies suggest that the cavity can either be filled with
bone graft, bone substitutes, and polymethylmethacrylate
(PMMA) or can be left empty.”'*) No obvious superiority of
these techniques over the other has been reported.'4¢

Bone autografts are at the forefront of treatment of bone
defects because they stimulate regeneration of bone tissue
and provide mechanical support.'”? Although the iliac crest
(IC) is often preferred as an autograft source, proximal and
distal tibia, trochanter major and distal radius (DR) are good
alternatives."® The biggest disadvantage of autografts is
the development of donor site morbidity."® Cortical or cor-
ticocancellous bone grafts up to 3 cc can be harvested from
the DR.'™ Although this amount is well below the amount
obtained from the IC, it is often sufficient in hand and wrist
surgeries. DR grafts are preferred in hand surgery because
they keep the surgical area within the relevant extremity
and eliminate the need for general anesthesia.?” On the
other hand, DR bone grafts are structurally weaker than IC
grafts and have a slower turnover.!

The iliac bone stands out as the source of autograft in
hand enchondromas. Nonetheless, it is not known which
of these two graft sources, DR or IC with distinct character-
istics, is superior in the treatment of enchondroma.’?? DR
grafts keep the operation area more limited, making the
anesthesia method more selective, and they reduce the af-
fected extremity to one, all of which are important advan-
tages. However, the structural weakness of DR grafts com-
pared to IC grafts may prove to be a disadvantage during
recovery. Therefore, in our study, we aimed to compare the
clinical and radiological outcomes of IC and DR autografts
in the treatment of solitary enchondromas in the fingers.

Methods

The study was conducted with the approval of the local
ethical committee (07/10/2021.77.542) and in accordance
with the Declaration of Helsinki. Patients who were operat-
ed for enchondroma in the fingers between January 2013
and January 2020 at our clinic were retrospectively exam-
ined. The patients were included in the study according to
the following criteria: (1) Location of enchondroma in the
fingers of the hand, (2) diagnosis of enchondroma by histo-
pathological examination, (3) age older than 18 years, and
(4) follow-up for at least 12 months. The exclusion criteria
were as follows: (1) Presence of fixation with implant, (2)

presence of revision surgery, and (3) presence of arthrosis
in the adjacent joint.

Thirty-two patients who met the inclusion criteria were se-
lected. Data from 25 of these patients could be accessed.
DR was used as bone graft donor site in eight patients
while IC was used in 17 patients. In the DR group, the num-
ber of female patients was four and the number of male
patients was four; in the IC group, the number of female pa-
tients was 11 and the number of male patients was six. The
mean age in the DR group was 36 years (range 22-54 years),
while the mean age in the IC group was 33 years (range 22-
52 years). The patients were diagnosed with lesions after
admission to the hospital. None of the patients had com-
plaints of pain; eight had fractures, and five had swelling,
and three cases were discovered incidentally.

Evaluation Criteria

Data on effected side, finger, phalanx, pre-operative total
active range of motion (TAM) of the involved finger, dis-
abilities of the arm, shoulder, and hand (DASH) score, and
pain visual analog scale (VAS) scores, duration of the opera-
tion, amount of bleeding during the operation, length of
hospital stay, presence of complications related to anesthe-
sia, and post-operative donor site morbidity were obtained
from patient files. The amount of bleeding was determined
according to the number of sponges used and the extent
of wetting of these sponges. Sponges that were not fully
wet were estimated to correspond to 5 ml of blood while
fully wet sponges corresponded to 10 ml of bleeding. The
patients were recalled, and the TAM, DASH, and VAS scores
were re-evaluated, along with reassessment of donor site
morbidity. Complications and recurrences in the patients
were evaluated. In addition, localization of tumor (eccen-
tric/central/associated), form of the tumor (expanding/
nonexpanding), and type of tumor (monocentric/polycen-
tric and giant) were classified according to Hasselgren clas-
sification¥ (Fig. 1). The lesion volume was calculated on the
pre- and post-operative anteroposterior (AP) and lateral ra-
diographs (cylindrical lesion: Width/2xdepth/2xheightx;
spherical lesion: Width/2xdepth/2xheightx4/3m).2! In the
post-operative AP and lateral follow-up radiographs of the
patients, the presence of graftincorporation as well as rem-
nant lesion volume (if any) was measured by the equation
above. Graft incorporation was evaluated and graded ac-
cording to Tordai staging.1¥

Surgical Technique

Hand surgery operations are performed by two surgical
teams in our tertiary hand surgery center. With the similar
indications, the first team prefers IC bone grafting for hand
bone tumors while the second team prefers DR bone graft-
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Figure 1. Hasselgren classification. I: Type of tumor: (a) Monocentric,
(b) polycentric, and (c) giant. ll: Form of tumor: (a) Non-expanding
and (b) expanding. lll: Localization of tumor: (a) Central, (b) eccentric,
and (c) associated.

ing. Patients were summoned blindly by clinical secretary
and added to surgery lists of each surgical team.

Among the patients who underwent DR grafting, four were
operated with infraclavicular brachial plexus block (ICBPB),
two with regional intravenous anesthesia, and two with
wide awake anesthesia no tourniquet (WALANT). Among
the 14 patients that underwent IC grafting, 11 were sub-
jected to ICBPB and deep sedation while general anesthe-
sia was used in three patients. A tourniquet was applied to
all patients, except for those who received WALANT.

For the finger under surgery, incisions were made through
the dorsoradial or dorsoulnar side at the level of the proxi-
mal phalanx, through the central side at the level of the
mid-phalanx and the ulnar or radial side at the level of the
distal phalanx. The enchondroma content was evacuated
following the opening of the bone window with the help
of C-arm scopy. The cyst walls were cleaned with a curette
and then with a high-speed burr. After that, the amount of
bone graft needed was determined.

For DR graft removal, the radius was entered through a
transverse incision made from the dorsal over the radial
styloid. The radius was reached by going deeper between
the first and second extensor compartments, preserving
the superficial sensory branch of the radial nerve and the
veins. The bone window was opened, and the bone graft
was taken (Fig. 2). To obtain the IC graft, a longitudinal inci-
sion was made over the IC from 3 cm posterior to the an-
terior superior iliac spine. Electrocautery was used to cut
deeper, with attention paid to preserving the lateral femo-
ral cutaneous nerve. A bone window was opened in the ili-
ac bone to take the bone graft; the latter was then placed in
the bone cavity in the phalanx. An under-elbow splint was
applied for a week to the patients in the DR group. Finger
splints were used in the IC group.

Statistical Evaluation

Statistical analyses were carried out with NCSS (Number
Cruncher Statistical System) 2007 Statistical Software (Utah,
USA) package program. In addition to descriptive statisti-
cal methods (mean, standard deviation, median, and inter-
quartile), the distribution of variables was evaluated with

Figure 2. Surgical photographs of a patient operated with distal radius graft under WALANT surgery. (a) A transverse incision was made from
the dorsal over the radial styloid, the radius was reached by going deeper between the first and second extensor compartments, and the bone
window was opened. (b) Amount of bone graft obtained and amount of bleeding. (c) Skin closure.
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Table 1. Donor sites of bone grafts, Hasselgren classification, location of enchondroma, pre-operative enchondroma volume, and post-
operative remnant volume
Patient, Hasselgren classification Location of Pre-operative Post-
graft enchondroma enchondroma operative
donor volume (cc) remnant

volume (cc)

1/DR Monocentric/non-expanding/central  Right/second finger/mid-phalanx/proximal metaphysis 0.635 0.11
2/DR Polycentric/expanding/central Left/third finger/distal phalanx/proximal metaphysis 0.432 0.74
3/DR Monocentric/non-expanding/central  Right/third finger/mid-phalanx/proximal metaphysis 0.349 0
4/DR Monocentric/non-expanding/central  Left/second finger/proximal phalanx/distal metaphysis 0.859 0
5/DR Monocentric/expanding/central Right/thumb/distal phalanx /proximal metaphysis 1.978 0
6/DR Monocentric/expanding/central Left/fifth finger/proximal phalanx/proximal metaphysis 1.016 0
7/DR Monocentric/expanding/eccentric Right/third finger/mid-phalanx/diaphysis 0.247 0
8/DR Monocentric/expanding/central Right/second finger/distal phalanx/distal metaphysis 0.455 0
9/IC Polycentric/expanding/eccentric Right/forth finger/proximal phalanx/proximal metaphysis 1.23 1.04
10/1C Monocentric/expanding/eccentric Right/third finger/proximal phalanx/proximal metaphysis 2.567 1.787
11/1C Polycentric/expanding/central Left/third finger/proximal phalanx/proximal metaphysis 1.34 1.257
12/IC Monocentric/non-expanding/central  Right/third finger/proximal phalanx/proximal metaphysis 1.261 0.141
13/IC Monocentric/non-expanding/central  Left/second finger/proximal phalanx/proximal metaphysis 0.899 0
14/1C Polycentric/expanding/eccentric Right/forth finger/mid-phalanx/proximal metaphysis 0.246 0
15/1C Monocentric/expanding/central Right/third finger/distal phalanx/ proximal metaphysis 0.39 0
16/1C Monocentric/expanding/eccentric Left/third finger/mid-phalanx/proximal metaphysis 1.378 0
17/1C Polycentric/expanding /eccentric Right/second finger/proximal phalanx/distal metaphysis 2.072 0
18/IC Monocentric/expanding/eccentric Left/forth finger/proximal phalanx/proximal metaphysis 1.526 0
19/1C Monocentric/non-expanding/central  Right/forth finger/mid-phalanx/distal metaphysis 0.517 0
20/IC Polycentric/expanding/central Left/third finger/mid-phalanx/diaphysis 0.998 0
21/1C Monocentric/expanding/central Right/thumb/distal phalanx/proximal metaphysis 0.896 0
22/1C Monocentric/expanding/central Left/second finger/proximal phalanx/proximal metaphysis 1.487 0
23/1C Polycentric/non-expanding/central Right/forth finger/proximal phalanx/diaphysis 0.618 0
24/1C Polycentric/non-expanding/eccentric Right/forth finger/mid-phalanx/diaphysis 0.415 0
25/IC Monocentric/expanding/central Left/fifth finger/proximal phalanx/distal metaphysis 1.647 0

DR: Distal radius; IC: lliac crest

the Shapiro-Wilk normality test; independent sample t-test
was used for comparison of normally distributed variables
in paired groups; Wilcoxon test was applied for compari-
son of non-normally distributed variables; Mann-Whitney
U-test was used for the comparison of binary groups, and
Fisher's exact test and the Chi-square test were used for the
comparison of qualitative data. The results were analyzed
at the significance level of p<0.05.

Results

Tordai and Hasselgren classifications, involved side, finger,
phalanx, and localization at phalanx, pre-operative lesion
volumes, and post-operative remnant lesion volumes of the
patients, are given in Table 1. The localization of tumor - ec-
centric or centric - was similarly distributed in both groups
p=0.205). The mean bone cyst volume was 0.75 cc (+0.56)
in the DR group and 1.15 cc (£0.62) in the IC group; this dif-
ference did not reach statistical significance (p=0.137). At

the post-operative follow-up, the mean remnant lesion vol-
ume in the DR group was 0.11 cc (£0.26) and 0.25 cc (+0.55)
in the IC group (p=0.496). Tordai’s radiological evaluation
criteria were also statistically similar between the groups
(p=0.522) (Table 2, Figs. 3, 4).

The mean amount of bleeding during surgery was 37.5 ml
(+£11.02) in the DR group and 43.53 ml (+13.67) in the IC
group (p=0.288). The duration of surgery was 63.75 min
(£27.87) in the DR group and 81.76 min (£25.55) in the IC
group (p=0.114). None of these comparisons reached sta-
tistical significance. The mean hospital stay was 13.25 h
(+6.58) in the DR group and 38.82 h (+9.9) in the IC group;
this difference was significantly shorter in the DR group
(p=0.0001) (Table 2).

One patient in the DR group exhibited loss of sensation
in the first web due to injury to the radial nerve sensory
branch. This complaint was completely resolved at the
follow-up examination. No complications were observed
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Table 2. Mean values and statistical evaluation of age, gender, pre-operative and post-operative TAM (total active motion), localization of
tumor, pre-operative tumor volume and post-operative remnant volume, amount of bleeding, duration of surgery, duration of hospital

stay, and Tordai radiographic evaluation grade

Group/ Count (n) and Percentage (%) Group DR, n=8 Group IC, n=17 p
n % n %

Age 35.75+9.81 33.41+£9.85 0.585*
Gender

Male 4 50.00 6 35.29 0.484*

Female 4 50.00 11 64.71
Pre-operative TAM 243.13+7.99 220.59+27.55 0.035*
Post-operative TAM 253.75+£12.7 247.94+7.51 0.154*
Pre-operative volume of enchondroma 0.75+£0.56 1.15+0.62 0.137*
Post-operative remnant volume 0.11+0.26 0.25+0.55 0.496*
Amount of bleeding 37.5£11.02 43.53+13.67 0.288*
Duration of surgery 63.75+27.87 81.76x+24.55 0.114*
Duration of hospital stay 13.25+6.58 32.82+9.9 0.0001*
Tordai radiographical evaluation grade

Grade 1 4 50.00 10 58.82 0.522*

Grade 2 3 37.50 3 17.65

Grade 3 1 12.50 23.53
Recurrence 1 125 3 17.65 0.996'

*: Independent t-test; *: Chi-square test; *: Mann-Whitney U-test; ": Fisher’s exact test. DR: Distal radius; IC: lliac crest; TAM: Total active range of motion

in the iliac bone group. Recurrence was observed in one
patient in the DR group and three patients in the IC group
(p=0.996).

The pre-operative finger TAM in the IC group was signifi-
cantly more restricted compared to the DR group (p=0.035);
however, this difference between the two groups was lost at
the 6™ month after the operation (p=0.154). While the mean
pre-operative DASH and VAS scores were higher in the IC
group (p=0.008 and p=0.025, respectively), the difference

between the two scores was lost at the 6™ month after the
operation (p=0.458 and p=0.571, respectively) (Table 3).

Discussion

We observed in the present study that bone grafting of fin-
ger enchondromas with curettage produced similar clinical
and radiological results irrespective of use of DR or IC as
the source of graft. In addition, DR grafting was found to
shorten the length of hospital stay.

Figure 3. Patient operated with distal radius autograft technique. (a) Pre-operative anteroposterior view. (b) Pre-operative lateral view. (c)
Post-operative 12" month anteroposterior view. (d) Post-operative 12t month lateral view.
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Figure 4. Patient operated with iliac crest autograft technique. (a) Pre-operative anteroposterior view. (b) Pre-operative lateral view. (c)
Post-operative 12" month anteroposterior view. (d) Post-operative 12" month lateral view.

About 35% of solitary enchondromas are located in the hand
and constitute 90% of all hand bone tumors. They frequently
develop in the 4™ decade of life.?! Corroborating this, the
mean age of the cohort in the present study was 34 years
(£9.7). A meta-analysis by Gaulke et al.””! reported that en-
chondromas were located more frequently in the proximal
phalanx of the fingers followed by the mid-phalanx and the
distal phalanx. In the same study, it was stated that the 5%
finger was the most frequently affected one. Similarly, Sas-
soon et al.! observed that in a group of 80 patients with 102
enchondromas, the most commonly affected regions were
the proximal phalanx and the 5" finger. In our study, it was
also observed that involvement of the proximal phalanx was
the most common (13/25). However, involvement of the
third finger was more frequent (9/25).

There is no standard protocol for the treatment of enchon-
dromas located in the hand. Enchondromas are defined as
slowly progressive active lesions and malignant transfor-
mation is rare. For this reason, regular radiological follow-
up is suggested in cases with incidentally detected and
asymptomatic enchondroma.® Tang et al.?® reported that
surgery was required for the treatment of polycentric hand
enchondromas or those with centric and obvious corti-
cal thinning or giant enchondromas. Major differences in
outcomes of surgical treatment of enchondromas can be
observed when the cavity formed after curettage is filled.
Haselgren et al.'® left the cavity empty after curettage in
28 patients and observed adequate ossification in all pa-
tients within 6 months. On the other hand, there are pub-
lications stating that leaving the cavity empty may lead
to fracture.?”? Autologous or allografts, PMMA, and other
synthetic materials have been used to fill the cavity.!12141%]
Yercan et al." reported no differences in the outcomes of

patients undergoing allografts and iliac bone autografts.
A study comparing iliac bone autografts and allografts
for the treatment of enchondroma indicated that despite
similar results in recipient site healing, donor site morbidity
posed a problem for the autograft donor site. We prefer the
use of autograft in our clinic because of its superior osteo-
inductive, osteoconductive, and osteogenic properties. In
addition, reports of delayed union and infection in patients
who underwent allograft?® are the other reasons for our
choice of autograft.

Although the iliac bone is the main donor source of auto-
graft in the treatment of hand enchondromas, treatments
with autografts from the DR are also available in the lit-
erature.'*1822 |n a histomorphological study, Schnitzer et
al.2" compared DR and IC samples. These authors observed
that DR had a higher fatty marrow content, was structurally
weaker, and had lower bone turnover and recommended
the use of IC grafts in cases where rapid bone support was
required. The use of DR bone grafts was recommended for
filling small cavities that did not need structural support.

Either technique has its own complications. The use of IC as
the source of bone graft is associated with serious compli-
cations such as deep hematoma, incisional hernia, urethral
injuries, gait disturbances and pelvis fractures with a prob-
ability of 5-6%.12%) Patel et al.B” reported that the complica-
tion rate for DR was 1.7%, and these included de Quervain’s
tenosynovitis, DR fracture, and paresthesia in the radial
nerve sensory branch. In the present study, we observed
that both DR and IC grafts showed a radiologically similar
healing process; there was no difference in recurrence rates
either. On the other hand, temporary paresis was observed
in the sensory branch of the radial nerve in one patient in
the DR group. The main advantages of DR grafting were
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the requirement of regional anesthesia and restriction of
the field of operation in one region, which contributed to
a faster discharge of the patients. Moreover, the anesthesia
was limited further in the present study by performing DR
grafting in two patients with WALANT, similar to the study
by Xing et al.B'32

The main limitations of the study are its retrospective de-
sign and inclusion of a low number of patients. However,
considering that the study included patients with an un-
common tumor located in the finger, the number of re-
cruited patients may be considered to be sufficient. Other
studies in the literature also consisted of similar sample
sizes. The final limitation is the lack of inclusion of data on
patient satisfaction. On the other hand, we observed that
patients with DR grafting showed high satisfaction due to
early discharge from hospital and restraining the operation
area only on the relevant limb.

Conclusion

The clinical and radiological outcomes of grafting from the
DR and IC were similar in the treatment of hand enchon-
dromas. However, DR grafting restricted the surgical field
to one limb. Patients with DR grafting had a shorter the
hospital stay compared to patients with IC grafting; how-
ever, the amount of bleeding and the duration of surgery
were not different between the two methods.
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